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Sliding Mode Control With Grid Voltage Modulated
DPC for Voltage Source Inverters Under Distorted

Grid Voltage
Yonghao Gui, Member, IEEE, Qianwen Xu, Member, IEEE, Frede Blaabjerg, Fellow, IEEE,

and Hong Gong, Student Member, IEEE.

Abstract—The grid voltage modulated direct power control
(GVM-DPC) for grid-connected voltage source inverters has
been introduced so that it can overcome the poor steady-state
performance of the DPC. However, it was designed for a non-
distorted grid voltage. In this paper, the GVM-DPC is modified
to overcome a distorted grid voltage (e.g., fifth and seventh
harmonics). First, a band pass filter is applied to extract the
fundamental component of the voltage so as to build a model for
the implementation of the GVM-DPC method. Next, a sliding
mode control (SMC) is designed to handlethe terms of the
harmonic in order to minimize the total harmonic distortion
(THD) of the output currents. Simulations and experimental
results are presented to verify the effectiveness of the proposed
SMC with GVM-DPC control strategy. It is shown that although
the performance of real and reactive powers are sacrificed, the
THD of the current is significantly reduced.

Index Terms—Voltage source inverter, grid voltage modulated
direct power control (GVM-DPC), distorted grid voltage, sliding
mode control, total harmonic distortion (THD).

I. INTRODUCTION

RECENTLY, due to the rapid development of smart grid,
flexible ac transmission systems, high voltage dc sys-

tems, and renewable energy sources (e.g., wind, photovoltaic,
and fuel cells, etc.), there has been a tremendous increase in
the use of voltage source inverters (VSIs) [1]–[12]. For VSI
applications, the voltage oriented control (VOC) strategy is
widely applied in order to inject currents into the grid as a
current source [13].

In a standard VOC method, real and reactive power is
controlled indirectly by controlling d–q axes currents sepa-
rately in a synchronous rotating reference frame [13]. By using
coordinate transformation, the VOC method transforms the ac
values (three phases) to the dc ones; the dynamics of VSI
is changed into a linear time-invariant (LTI) system in the
synchronous rotating reference frame, and thus the VSI system
can be easily designed and analyzed by using the linear control
techniques [14]–[18]. However, the phase-locked loop (PLL) is
a key component for the grid synchronization in VOC method,
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where the PLL will negatively affect the stability of VSIs in
a weak grid condition [19]–[21].

Direct power control (DPC), another control method for
VSIs, has been researched to control instantaneous real and
reactive powers directly without using any inner-loop current
regulator and PLL system [22], [23]. However, these meth-
ods will cause an unexpected broadband harmonic spectrum
range due to the variable switching frequency according to
the switching state. In order to obtain a constant switching
frequency, some other DPC strategies using space vector
modulation [23], [24] or calculating required converter volt-
age vector in each switching period [25], [26] have been
proposed. Moreover, to enhance the robust property of the
system, a sliding mode control (SMC) based DPC and a
passivity-based control DPC strategies are proposed to make
the system exponentially converge to its real and reactive
power references with consideration of the system model,
even there exist parameter uncertainties [27], [28]. However,
ripples in both real and reactive powers are still conspicuous
as well as in the currents. In addition, model predictive
control (MPC)-DPC, as an optimal control approach, has been
applied for VSIs [29]–[31]. With the MPC-DPC algorithm, it
is easy to solve the multi-variable case and consider system’s
nonlinearities and constraints in an intuitive way. However,
one of the disadvantages is that it may increase computational
burden.

Recently, a DPC strategy is designed in a synchronous
rotating reference frame, where a virtual phase angle is used
instead of the one estimated by the PLL [32], [33]. In general,
however, the DPC strategies are designed in stationary refer-
ence fame instead of the synchronous rotating reference frame
for the simplification [23]–[28]. In addition, a novel DPC
strategy called grid voltage modulated-DPC (GVM-DPC) has
been designed for grid connected VSIs, where the poor steady-
state performance of the DPC methods is solved [34]–[36].
However, the model of the GVM-DPC method is obtained
based on a strong assumption, which needs a non-distorted
grid voltage. Normally, due to the nonlinear loads connected
into the girds, the grid voltage is harmonically distorted. The
effects of such harmonics may be increased in terms of losses,
heating and loss-of-life of equipment, and interference with
control, protection and communication circuits as well as
customer loads [37]. For these reasons, some works have been
researched to handle such harmonics distortions [38]–[41].

In this paper, how to apply the GVM-DPC method in
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Fig. 1. Single-line diagram of three-phase voltage source inverter with a
direct power controller.

a distorted grid is shown, where the measured voltage will
negatively affect the injected current from the VSI. At first,
in order to consider the fundamental component of the mea-
sured voltage, a band-pass-filter (BPF) is used to extract the
fundamental part. Then, a fundamental component of real and
reactive powers model can be obtained, i.e., the GVM-DPC
concept can be applied directly. Hence, in this paper, an SMC
control strategy, which is one of the best methods for tracking
problem [42], [43], is employed to handle the harmonics terms
as well as minimization of the total harmonic distortion (THD)
of the output currents. The proposed control architecture is
validated in MATLAB/Simulink, Simscape Power Systems.
Although the performance of the real and reactive powers is
sacrificed, the THD of the current is significantly reduced.
Finally, the effectiveness of the proposed method is tested in
a prototype experimental setup.

The rest of the paper is organized as follows. The system
modeling of the grid-connected VSI based on the DPC model
after using the BPF, and a GVM-DPC algorithm with a
simple structure with feedforward and feedback is designed in
Section II. Then, an SMC is additionally designed to minimize
the THD of the current in Section III. Section IV shows the
simulation results using MATLAB/Simulink, Simscape Power
Systems and experimental results using a 15-kW prototype
VSI. Finally, Section V gives the conclusions of this study.

II. GRID VOLTAGE MODULATED DIRECT POWER
CONTROL FOR DISTORTED GRID

In this section, a VSI model in terms of the DPC is
introduced based on a BPF. In addition, a GVM-DPC strategy
is employed to the VSI system in order to obtain an LTI
system.

A. Modeling of Voltage Source Inverters

As shown in Fig. 1, a two-level three phase VSI with an
L-filter is connected to the grid. It is assumed that a stiff
dc source is used to be connected at the dc-side of VSI in
this study. For example, a rectifier of wind application or a
dc-dc converter of solar photovoltaic is connected. Thus, the
dynamic from the dc input will be ignored in this study. For the
conventional DPC with PWM method, the instantaneous real
and reactive powers are calculated and controlled to generate
the voltage references for the PWM [26], [27].

From Fig. 1, the dynamic equations can be expressed as
follows:

L
diL,a
dt

=−RiL,a + vinv,a− vg,a,

L
diL,b
dt

=−RiL,b + vinv,b− vg,b,

L
diL,c
dt

=−RiL,c + vinv,c− vg,c,

(1)

where iabc, vgabc, and vinv,abc are the VSI output current, the
grid voltage, and the VSI output voltage in the abc frame,
respectively. In addition, L is the filter inductance, and R is the
filter resistance. Based on a balanced grid voltage condition,
(1) is able to transform in the stationary reference frame by
using Clark transformation [44] as follows:

L
diL,α

dt
=−RiL,α + vinv,α − vg,α ,

L
diL,β

dt
=−RiL,β + vinv,β − vg,β ,

(2)

where iL,αβ , vg,αβ , and vinv,αβ indicate the output currents, the
grid voltages, and the inverter output voltages (control inputs)
in the stationary reference frame, respectively.

It should be noted that the GVM-DPC firstly introduced
in [45] considers a non-distorted grid voltage condition. In
a distorted grid, however, the measured voltage negatively
affects the injected current in the GVM-DPC structure. In
order to use the benefits of the GVM-DPC concept, only fun-
damental frequency of the distorted grid voltage is considered
by using a BPF in the controller, where the injected currents
will be generated by the GVM-DPC the fundamental ones as
well. It is acceptable since from the grid side, it is expected
that only the fundamental of real and reactive powers are to
be generated to the grid. Hence, the fundamental component
of the measured grid voltages are obtained by a BPF, given
by

vg,αβ f = Gbp f ∗ vg,αβ , (3)

where vg,αβ f indicates the fundamental component of the
distorted grid voltages, and Gbp f indicates the transfer func-
tion of the BPF. Consequently, the instantaneous fundamental
component of real and reactive powers generated to the grid
can be obtained by using the stationary reference frame as
follows [46], [47]:

Pf =
3
2
(vg,α f iL,α + vg,β f iL,β ),

Q f =
3
2
(vg,β f iL,α − vg,α f iL,β ),

(4)

where Pf and Q f represent the fundamental component of
the instantaneous real and reactive powers generated to the
grid, respectively. By differentiating (4) with respect to time,
the dynamic equations of the fundamental component of
instantaneous real and reactive powers is obtained such as

dPf

dt
=

3
2

(
iL,α

dvg,α f

dt
+ vg,α f

diL,α
dt

+ iL,β
dvg,β f

dt
+ vg,β f

diL,β
dt

)
,

dQ f

dt
=

3
2

(
iL,α

dvg,β f

dt
+ vg,β f

diL,α
dt
− iL,β

dvg,α f

dt
− vg,α f

diL,β
dt

)
.

(5)



Since vg is fundamental component of the distorted grid
voltages, the following relationship holds

vg,α f =Vg f cos(ω f t), vg,β f =Vg f sin(ω f t), (6)

where Vg f represents the magnitude of the fundamental grid
voltages. ω f = 2π f represents the angular frequency of the
fundamental component of the distorted grid voltages, where
f represents the fundamental frequency of the distorted grid
voltage. By differentiating (6) with respect to time, the in-
stantaneous fundamental grid voltages have the following
relationships

dvg,α f

dt
=−ω fVg f sin(ω f t) =−ω f vg,β f ,

dvg,β f

dt
= ω fVg f cos(ω f t) = ω f vg,α f .

(7)

Substituting (2) and (7) into (5), the state-space models of
the fundamental component of real and reactive powers are
given as follows [48]:

dPf

dt
=−R

L
Pf −ω f Q f +

3
2L

(
vg,α f vinv,α + vg,β f vinv,β −V 2

g f

)
,

dQ f

dt
= ω f Pf −

R
L

Q f +
3

2L
(vg,β f vinv,α − vg,α f vinv,β ).

(8)

It should be noted that, the dynamics of instantaneous
real and reactive powers in (8) are a multi-input-multi-output
(MIMO) system, where vinv,α and vinv,β represent the control
inputs and Pf and Q f are the outputs. Moreover, the system
is a time-varying one since both control inputs are multiplied
by the grid voltages, which are sinusoidal.

B. Controller Design

In order to obtain an LTI system, the GVM-DPC inputs are
defined as follows:

uP : = vg,α f vinv,α + vg,β f vinv,β −V 2
g f
,

uQ : = vg,β f vinv,α − vg,α f vinv,β ,
(9)

where uP and uQ represent the new control inputs, which
should be designed instead of the original control inputs.
Based on the GVM-DPC inputs in (9), the dynamic equations
of the real and reactive powers in (8) is represented as

dPf

dt
=−R

L
Pf −ωQ f +

3
2L

uP,

dQ f

dt
= ωPf −

R
L

Q f +
3

2L
uQ.

(10)

Now, the time varying system in (8) is transformed into an
LTI MIMO system with the coupling states.

The errors of the real and reactive powers are defined as
follows:

eP := P∗f −Pf , eQ := Q∗f −Q f , (11)

where P∗f and Q∗f represent the desired references of the real
and reactive powers, respectively.

Theorem 1. [45] For the MIMO system in (10), a control
law is designed as

uP =
2R
3

Pf +
2Lω f

3
Q+KP,peP,

uQ =−
2Lω f

3
P+

2R
3

Q f +KQ,peQ,

(12)

where KP,p and KQ,p are the controller gains. If KP,p and KQ,p
are positive values, then the errors of real and reactive powers
globally exponentially converge to zeros.

Proof. Taking the derivative of (11) and substituting (12)
into (11) yield

deP

dt
=

R
L

Pf +ωQ f −
3

2L
uP,

deQ

dt
=−ωPf +

R
L

Q f −
3

2L
uQ.

(13)

With the control input designed as (12), (13) is expressed as

deP

dt
=− 3

2L
KP,peP,

deQ

dt
=− 3

2L
KQ,peQ. (14)

By selecting controller gains as positive values, the closed-
loop system is exponentially stable in the operating range. i.e.,
the errors exponentially converge to zero.

Finally, the original control inputs of the VSI in (2) can be
generated by means of (9) such as

vinv,α =
vg,α f uP + vg,β f uQ +V 2

g f
vg,α f

V 2
g f

,

vinv,β =
vg,β f uP− vg,α f uQ +V 2

g f
vg,β f

V 2
g f

.

(15)

C. Stability Analysis

In this paper, the transfer function of the BPF is given by

GBPF =
2ωcs

s2 +2ωcs+ω2
0
, (16)

where ωc and ω0 are the resonance bandwidth and resonance
frequency, respectively.; In addition, ωc = ζ ω0, where ζ is
the damping ratio. The state-space model of the BPF is
represented as

ẋBPF =


−2ωc −ω

2
0 0 0

1 0 0 0
0 0 −2ωc −ω

2
0

0 0 1 0

xBPF +


1 0
0 0
0 1
0 0

uBPF ,

yBPF =

[
2ωc 0 0 0

0 0 2ωc 0

]
xBPF .

(17)

where xBPF is the state variable, uBPF =
[
vg,α , vg,β

]T is the
control input, and ybp f =

[
vg,α f , vg,β f

]T
is the output.

In [48], the stability analysis for a weak grid-connected
inverter was given. In this study, only a stiff grid is consid-
ered, i.e. the line impedance is zero, Consequently, the error
dynamics could be obtained based on [48] as

ė = ẋd− ẋ = Ae (18)



where x =
[
iL,α , iL,β , xbp f

]T ∈ R6, u =
[
vg,α , vg,β

]T ∈
R2, subscript ‘d’ indicates desired value. Moreover, A is listed
in (19).

In order to check the effect of the BPF in the control
method, ζ is changed from 0.9 to 0.1, as shown in Fig. 2(a).
It is observed that a pair of the eigenvalues are closer to the
imaginary when ζ is decreased from Fig. 2(b). However, all
the eigenvalues remain in the left-half plane, i.e. the closed
loop system is stable.

III. COMPENSATOR FOR HARMONICS

In the aforementioned section, the GVM-DPC method only
compensates the fundamental part. However, the harmonics
terms of the grid voltage are still affecting the current. Thus,
an SMC strategy will be designed to minimize the distortion
in the current.

The grid voltage could be expressed as follows:

vg,α =
n

∑
i=1

Vgi cos(ωit),

vg,β =
n

∑
i=1

Vgi sin(ωit),
(20)

where Vgi and ωi are the magnitude and angular frequency of
i−th order of the grid voltages, respectively. Considering from
(3) to (10), the real and reactive powers model from 2 to n-th
could be obtained such as

dPi

dt
=−R

L
Pi−ωiQi +

3
2L

uPi ,

dQi

dt
= ωiPi−

R
L

Qi +
3

2L
uQi ,

(21)

where i = 2, . . . ,n. Let’s define the i-th errors of the real and
reactive powers as follows:

ePi := P∗i −Pi,

eQi := Q∗i −Qi.
(22)

Next, let’s define sliding surfaces as follows:

sPi = KPiePi ,

sQi = KQieQi ,
(23)

where KPi and KQi are controller gains. The variable s must
satisfy the equation

ṡPi = KPi ėPi ,

ṡQi = KQi ėQi .
(24)

Based on (21) and (24), the equivalent control can be obtained
as follows:

uP,eqi =
2L
3
(

R
L

Pi +ωiQi),

uQ,eqi =
2L
3
(ωiPi−

R
L

Qi).
(25)

It should be noted that P∗i and Q∗i are 0, where i = 2, . . . ,n.
To guarantee the reaching condition, a Lyapunov function
candidate is selected as

V =
1
2

n

∑
i=2

(s2
Pi
+ s2

Qi
). (26)

Taking the derivative of the Lyapunov function candidate
in (26) with respect to time results in

V̇ =
n

∑
i=2

(sPiKPi ėPi + sQiKQi ėQi). (27)

Design a control law as

uP,i = uP,eqi +
2L
3

KPsisat(
sPi

ε
),

uQ,i = uQ,eqi +
2L
3

KQsisat(
sQi

ε
),

(28)

where KPsi and KQsi are positive controller gains and ε > 0,
then in s≥ ε , the following inequality function yields

V̇ ≤−
n

∑
i=2

(KPsi |sPi |+KQsi |sQi |). (29)

Note that, (29) shows the trajectory with the proposed
method reaches its boundary layer in finite time, then in the
boundary layer (i.e., s < ε), it will satisfy Theorem 1. Finally,
the original control inputs can be calculated based on (15)
and (28) as well. Fig. 3 shows the block diagram of the
proposed GVM-DPC with SMC method.

IV. PERFORMANCE VALIDATION

In this section, both simulation results using MAT-
LAB/Simulink, Simscape Power Systems and experimental
results using a prototype experimental setup at Aalborg Uni-
versity are shown in order to validate the proposed method.
The parameters of the system used in the simulation and
experimental tests are listed in Table I. The proposed method
is compared with the pure GVM-DPC and the GVM-DPC
with a BPF methods. Note that the control parameters of the
GVM-DPC could be selected based on the linear second-order
system. For the BPF parameter, if the bandwidth of BPF is too
narrow (i.e., ζ is too small.), it is not easy to handle a wide
variation in grid. Otherwise, it is not easy to give sufficient
attenuation in higher harmonic components presented in the
grid voltage. It is a trade-off. For the SMC parameters, if ε is
too small, it is easy to generate the chattering phenomenon.
Otherwise, it can not generate sliding motion. It is a trade-
off as well. KPs5,7 and KQs5,7 relate to the finite time when
the trajectory converges to its sliding surface. The control
parameters used in this paper is summarized in Table II.

A. Simulation Results

Typically, the fifth and seventh order harmonics distortions
become a common adverse disturbance in the grid volt-
age [37]. Fig. 4(a) shows the time response of grid voltages
when 5th and 7th harmonics are generated at 0.6 s, where the
THD of the voltage is 3.61%, as shown in Fig. 4(b). In this
case, the distorted grid voltages affect the control performance
of the GVM-DPC method, as shown in Fig. 5. However, the
real and reactive powers are regulated well with P = 10 kW
and Q = 0 Var, as shown in Fig. 5(a), which is the control
target 1 proposed in [39]. However, the currents are affected by
the distorted grid voltages and the THD is 3.62%, which does
not satisfy the IEEE standard for harmonic control in electric



A =



−R− 3
2 KP,p

L
−Lω f

2ωc

L
(1+

KP,pPd

V 2
g f

) 0
2ωc

L
(

KP,pQd

V 2
g f

) 0

ω f
−R− 3

2 KQ,p

L
−2ωc

L
(

KQ,pQd

V 2
g f

) 0
2ωc

L
(1+

KP,pPd

V 2
g f

) 0

0 0 −2ωc −ω
2
0 0 0

0 0 1 0 0 0
0 0 0 0 −2ωc −ω

2
0

0 0 0 0 1 0


, (19)
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power systems [49]. To handle such problem, a candidate
solution is to use a BPF to extract the fundamental part of the
grid voltage. Even though the THD of the current is decreased
to 1.45%, as shown in Fig. 6(b). It should be noted that
the performance of real and reactive powers is deteriorated
automatically, as shown in Fig. 6(a). Two control targets for
the achieving of low THD current and smooth real and reactive

TABLE I
SYSTEM PARAMETERS USED IN SIMULATION AND EXPERIMENTAL TEST

Parameter Symbol Value Unit
Nominal grid voltage Vga,rms 110 V

Nominal grid frequency f 50 Hz
Dc-link voltage Vdc 730 V

Filter inductance L 6 mH
Filter resistance R 0.15 Ω

Damping ratio of BPFs ζ 0.707 pu
Resonance frequency of BPF ω0 2π ∗50 rad/s
Resonance frequency of BPF5 ω5 2π ∗250 rad/s
Resonance frequency of BPF7 ω7 2π ∗350 rad/s

Switching frequency fsw 10 kHz

TABLE II
CONTROLLER GAINS USED IN SIMULATION

GVM-DPC KP,p, KQ,p KP,i, KQ,i
Values 20 2000

SMC-DPC KP5,7 , KQ5,7 KPs5,7 , KQs5,7 εP,Q

Values 100 10000 2000

powers are contradictory [39], [50]. The THD with the GVM-
DPC and BPF is still high since the harmonics parts are left
in the currents.

To overcome the weakness of GVM-DPC, the SMC is used
to minimize the harmonics parts and improve the THD of the
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Fig. 5. Simulation results when using the GVM-DPC method. (a) Real and
reactive powers; (b) Currents; (c) Current spectrum.
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Fig. 6. Simulation results when using the GVM-DPC method with BPF. (a)
Real and reactive powers; (b) Currents; (c) Current spectrum.

currents, as shown in Fig. 7. Although, the performance of real
and reactive powers with the BPF is sacrificed, the quality of
the current is increased. Table III summarizes the THD of
the current with three methods. It is shown that the proposed
method significantly reduces the THD of the current compared
with other two methods, where the proposed method improves
the harmonic suppression of 70.4% and 26.2%, respectively.
Fig. 8 shows the tracking performance with the proposed
method when the grid voltage is distorted. It reveals that with
the variation of real power reference, power tracking is well
achieved. The associated trajectories and surfaces of are fifth
and seventh order real and reactive powers are shown in Fig. 9.
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Fig. 7. Simulation results when using the proposed GVM-DPC and SMC
method. (a) Real and reactive powers; (b) Currents; (c) Current spectrum.
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TABLE III
COMPARISON OF THREE METHODS REGARDING THETHD OF CURRENTS

Methods GVM-DPC GVM-DPCBPF GVM+SMC
THD 3.62 % 1.45 % 1.07 %
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Fig. 10. Simulation results when the phase “A” has 10% sag at 0.7 s. (a)
Grid voltage (b) Real and reactive powers; (c) Currents.

Furthermore, the performance of the proposed method in
the unbalanced and distorted grid voltage case is also tested,
as shown in Fig. 10. The phase “A” has 10% sag at 0.7 s, and
all three phase has 5% 5th and 3% 7th harmonics. It can be
observed that the proposed method could reject the harmonics
and inject the sinusoidal current to the grid as well, as shown
in Fig. 10(c).

B. Experimental Results

The proposed method is implemented by using the DS1007
dSPACE system and tested by using a three-phase 15–kW
inverter system at the Power Electronics Power Distribu-
tion Laboratory (Aalborg University, Denmark), as shown
in Fig. 11(a). A grid simulator is used to support 110 V
RMS grid voltage and generate the expected harmonics in the
test. The voltages and line currents are measured by using
a DS2004 A/D board, The configuration of the whole test
system is summarized, as shown in Fig. 11(b). Both sampling
and switching frequencies are set to 10 kHz.

At first, 5th and 7th harmonics are injected to the grid
voltage by using the grid simulator, and the THD of the grid
voltage is 5.8%, as shown in Fig. 12(b). The performance
of the inverter with the pure GVM-DPC method is affected
by these harmonics, and the THD of the current increases to
6.4%, as shown in Fig. 12. The performance of the GVM-DPC
method with the BPF is improved, and the THD of the current
decreases to 1.4%, as shown in Fig. 13. However, with the
proposed method, the THD of the current is smallest, 0.97%,
as shown in Fig. 14. Consequently, it can be concluded that the
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Fig. 11. (a) Experimental setup at Aalborg University; (b) Configuration.
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Fig. 12. GVM-DPC: (a) Measured performance (yellow line: grid voltage
vg,a [150 V/div]; pink-red, sky-blue, and green lines: output currents iL,abc [5
A/div]); (b) Spectrum analysis of voltage; (c) Spectrum analysis of current
with 5th and 7th harmonics in grid voltage.
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Fig. 13. GVM-DPC with BPF: (a) Measured performance (yellow line: grid
voltage vg,a [150 V/div]; pink-red, sky-blue, and green lines: output currents
iL,abc [5 A/div]); (b) spectrum analysis of current with 5th and 7th harmonics
in grid voltage.

proposed method could effectively overcome the grid disturbed
by harmonics, which can cause increased losses, equipment
heating and loss-of-life, and interference with protection, con-
trol and communication circuits as well as customer loads. In
addition Fig. 15 shows the time response with the proposed
method when the active power is changed from 0.5 kW to
1 kW. The time delay caused by the BPF does not affect its
performance. However, when the grid voltage has 10% sag,
the time delay generates a delayed current performance (180
ms convergence time), as shown in Fig. 16, since the BPF is
used for the grid voltage measurement.
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Fig. 14. GVM-DPC with SMC: (a) Measured performance (yellow line: grid
voltage vg,a [150 V/div]; pink-red, sky-blue, and green lines: output currents
iL,abc [5 A/div]); (b) spectrum analysis of current with 5th and 7th harmonics
in grid voltage.

V. CONCLUSIONS

In this paper, the GVM-DPC for three-phase VSI connected
into a distorted grid was introduced to control instantaneous
real and reactive powers. The BPF was used to obtain a
fundamental model of VSI in order to apply the GVM DPC.
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Fig. 15. Measured performance when the active power is changed from 0.5
kW to 1 kW. (yellow line: grid voltage vg,a [150 V/div]; pink-red and sky-blue:
output currents iL,ab [5 A/div]; green line: active power P [1 kW/div].)
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Fig. 16. Measured performance when the grid voltage has 10% sag. (yellow
line: grid voltage vg,a [150 V/div]; pink-red and sky-blue: output currents iL,ab
[5 A/div]; green line: grid voltage magnitude Vg [10 V/div].)

Moreover, the SMC was proposed to minimize the affect
from the distorted voltage. Simulation and experimental results
show that the proposed method effectively reduces the THD of
the currents to satisfy the IEEE standard for harmonic control
in electric power systems.
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