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Abstract: This study proposes a simple digital current control technique for single-phase grid-connected voltage source
converters. Unlike conventional strategies, the proposed method does not require any proportional-integral or proportional-
resonant controller, fictitious phase generation, reference frame transformation and decoupling network; thus, it has the
advantages of simplicity and reduced computational efforts. The suggested digital technique only uses a simple proportional
controller in its structure and can be directly implemented on available digital signal processors. A digital controller parameter
design procedure is proposed which ensures stability and near-zero steady-state error under all circumstances. Simulation and
experimental results confirm that the proposed technique provides a fast and accurate current tracking with minimum
harmonic distortions.
1 Introduction

Single-phase voltage source converters (VSCs) are now
widely used in grid-interfacing power conditioning
applications, such as active rectifiers [1], active power filters
[2, 3], power factor correction circuits [4], uninterruptable
power supplies [5], photovoltaic systems [6] and fuel cells
[7]. In all these applications, besides a regulated power
exchange with the grid, the injection of a sinusoidal current
to the grid is of major concern [8].
Various current control techniques to realise the

high-quality single-phase AC power regulation for VSCs
have been proposed. The current hysteresis control (CHC)
[9, 10], the voltage oriented control (VOC) in the
synchronous reference frame (SRF) [11, 12] and the
proportional-resonant- (PR) based control in the stationary
reference frame [13, 14] are some of the well-known
current control methods. On the other hand, because of
the recent advances in digital control techniques and the
increasing use of digital signal processors (DSPs), the
interest for digital control schemes, such as deadbeat [15],
repetitive [16] and predictive [17] raises rapidly. In CHC,
which is the easiest method, the AC current is controlled to
stay within the limits of an upper and lower band around
the sinusoidal reference. The infinite gain of hysteresis
comparators provides a high dynamic response. Simple
implementation, good stability and automatic current
limiting are the advantages, and variable switching
frequency is the major drawback associated to the CHC
method [8]. The VOC is the most industrial accepted
control strategy employed for three-phase applications. In
VOC, the control is realised in the SRF through
decomposing the AC current into active and reactive
components. These current components in the SRF are DC
quantities and, as a consequence, the zero steady-state error
is ensured using a conventional proportional-integral (PI)
controller. The internal current control loops of VOC
guarantee high dynamic and static performance. However,
the final configuration and performance of this method
depends on the quality of the applied PI controllers
[11, 12]. In single-phase systems, transferring electrical
signals from the stationary to the SRF requires two
orthogonal signals. Therefore, to adopt the VOC to
single-phase converters, a fictitious phase must be
generated. Different techniques to achieve a fictitious phase
in single-phase systems have been proposed, such as using
a 90° phase shifter [18], Hilbert’s transformation [19],
all-pass filter [20] and second-order generalised integrator
(SOGI) [21]. Unlike the VOC, the PR-based control can
track a sinusoidal reference signal in the stationary
reference frame without steady-state error [13, 14]. Hence,
as the CHC method, the PR is also implemented in the
stationary reference frame and no coordinate transformation
is required in the current control loop. Despite its
simplicity, the PR-based control has several major
drawbacks, such as sensitivity to system frequency
variations, exponentially decaying response to step changes
and great sensitivity and possibility of instability to the
phase shift of current sensors [11]. Modern digital control
techniques, such as sliding mode, repetitive and predictive,
try to maintain the advantages of conventional control
strategies, especially VOC, in accurate control with
minimum distortion and harmonic noises at the expense of
difficult design and implementation, more computational
burden and the requirement of a good knowledge of the
system parameters.
This paper presents a novel digital current control strategy

for single-phase grid-connected VSCs, which is easy to
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Fig. 1 Structure of the single-phase full-bridge converter
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study and design, and can be simply implemented on
typical digital signal controllers. It is shown that the
proposed control system is stable and can achieve accurate
current tracking with low output current THD without the
need for any PI or PR controller, fictitious phase generator
and reference frame transformation. Consequently, the
proposed method offers a high dynamic performance.
While the proposed technique has the benefits of a
simpler structure and significant reduction of computations
over the VOC, its parameter tuning is a very simple, as
well as a straightforward task. The performance is
compared with the VOC control strategy in various
operating conditions. Comparative simulation and
experimental results confirm the superior performance of
the proposed method.
2 Structure of the single-phase VSC

The most commonly used structure of single-phase VSC with
an AC-side inductive filter and DC-side capacitive energy
storage, which is known as the full-bridge converter, is
depicted in Fig. 1. It offers bidirectional power flow
capability in addition to controlled power factor and low
current distortion at AC side with well-regulated DC-link
voltage. The current flowing through the filter at t + Δt can
be written as

i(t + Dt) = i(t)+ 1

L

∫t+Dt

t
vL(t

′)dt′ = i(t)+ DI (1)

where vL is the voltage drop over the filter inductance, Δt
denotes the time of each switching state and ΔI is the
integral part of the current equation and is defined as the
current change during Δt.
2.1 Switching states

In the circuit of Fig. 1, there are 24 = 16 different switching
combinations for switches S1–S4. To avoid either short
circuit on the DC side or open circuit on the AC side of
the converter, only four switching states are allowed. In
terms of the converter output voltage, v, three distinct
states are obvious: (I) S1 and S3 or S2 and S4 are on and
v = 0, (II) S1 and S4 are on and v = Vdc and (III) S2 and S3
are on and v = –Vdc, in which Vdc is the DC-link
voltage. Current changes relating to the states I–III can be
obtained as

DII =
1

L

∫t+Dt

t
vs(t

′)− rLi(t
′)

( )
dt′

DIII =
1

L

∫t+Dt

t
vs(t

′)− rLi(t
′)− Vdc

( )
dt′

DIIII =
1

L

∫t+Dt

t
vs(t

′)− rLi(t
′)+ Vdc

( )
dt′

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎩

(2)

where rL is the equivalent series resistance of the filter, and
vs is the grid voltage. Assuming Δt is a very small time
interval, the grid voltage and current can be considered
constant during Δt. Hence, the current changes can be
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simplified and discretised as shown in (3).

DII =
DtI
L

vs[n]− rLi[n]
( )

DIII =
DtII
L

vs[n]− rLi[n]− Vdc

( )
DIIII =

DtIII
L

vs[n]− rLi[n]+ Vdc

( )

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

(3)

In the above equations, ΔtI, ΔtII and ΔtIII are the times that
the converter remains in states I, II and III, respectively.
2.2 Unipolar sinusoidal pulse width modulation

In single-phase systems, unipolar sinusoidal pulse width
modulation has found wide industrial applications, since it
offers great implementation simplicity with minimum
harmonic distortions. The generation of the gating pulses in
the unipolar modulation for both positive and negative
reference voltages is illustrated in Fig. 2. The gating pulses
are generated by comparing the reference voltage waveform
with a high-frequency triangular carrier waveform. The
unipolar modulator uses vref to generate the gating signals
for S1 and S2 (vg1 and vg2), and uses −vref to generate the
gating signals for S3 and S4 (vg3 and vg4). In Fig. 2, it is
assumed that the carrier and sampling frequencies are equal.
It can be seen from Fig. 2 that for a positive reference
voltage, switching states I and II, and for a negative
reference voltage, switching states I and III are used. The
switching times for both positive and negative reference
voltages can be easily calculated as follows

DtI = 4t1 = 1− vref [n]

Vdc

( )
Ts

DtII = 2t2 =
vref [n]

Vdc
Ts,

DtIII = 0

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

vref [n] . 0 (4)

DtI = 4t′1 = 1+ vref [n]

Vdc

( )
Ts

DtII = 0,

DtIII = 2t′2 = − vref [n]

Vdc
Ts

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

vref [n] , 0 (5)

where Ts is the sampling period. By substituting (4) and (5)
into (3), the current changes during each switching state can
IET Power Electron., 2015, Vol. 8, Iss. 2, pp. 245–254
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Fig. 2 Generation of gating pulses by the unipolar modulator
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be computed as

DII =
Ts
L

1− vref [n]

Vdc

( )
vs[n]− rLi[n]
( )

DIII =
Ts
L

vref [n]

Vdc

vs[n]− rLi[n]− Vdc

( )
⎧⎪⎪⎨
⎪⎪⎩ vref [n] . 0 (6)
DII =
Ts
L

1+ vref [n]

Vdc

( )
vs[n]− rLi[n]
( )

DIIII = − Ts
L

vref [n]

Vdc

vs[n]− rLi[n]+ Vdc

( )
⎧⎪⎪⎨
⎪⎪⎩ vref [n] , 0 (7)

Using (6) and (7), the total current change between two
successive sampling in both positive and negative reference
voltages is derived as

DI = DII + DIII = DII + DIIII

= Ts
L

vs[n]− rLi[n]− vref [n]
( )

(8)

It is important to note that in (4)–(8) the carrier and sampling
periods are assumed to be equal. It can be demonstrated that
these equations are true if the sampling of measured quantities
and updating the pulse width modulation (PWM) signals are
carried out at both peaks and valleys of the carrier waveform
(Ts = Tcr/2, where Tcr is the carrier period). These results will
be used as a basis for the proposed control algorithm.
IET Power Electron., 2015, Vol. 8, Iss. 2, pp. 245–254
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3 Proposed digital current error control
method

All current control techniques of VSCs, such as the VOC,
need the reference current as the input of the control
algorithm. Then, the reference voltage of the converter is
determined so that the reference current is tracked fast and
accurately. Hence, proper determination of the reference
current plays an important role in achieving the desired
power factor, current distortion and stability of the converter.

3.1 Calculation of reference current

Regulating the converter power exchange with the grid can be
readily realised by controlling the phase and amplitude of the
converter current. Assuming that vs = VS sin(ωt) and i = I sin
(ωt− θi) are the grid voltage and converter current,
respectively, the active and reactive powers can be defined
as (9). Substituting the active and reactive powers with the
corresponding reference values and performing some
manipulations, gives the reference current as (10), in which
ωt and VS are provided by a single-phase phase-locked loop
(PLL).

P = VSI

2
cos (ui)

Q = VSI

2
sin (ui)

⎧⎪⎨
⎪⎩ (9)

iref (t) =
2














P2
ref + Q2

ref

√
VS

sin (vt − arctan (Qref , Pref ))

= Iref sin (vt − uref )

(10)
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Besides its simplicity, providing a pure sinusoidal reference
current (in condition that the PLL performs perfectly under
non-ideal grid voltages) is another advantage of this
method, which as a result the distortion of grid voltage does
not appear in the reference current.
3.2 Determining the reference voltage

As mentioned before, the reference voltage for the converter
must be determined such that the converter current tracks its
reference waveform, as fast and accurate as possible. In the
simplest form, that is, in an open-loop control system, the
reference voltage can be directly calculated from the voltage
equation of the filter which is shown in (11). Substituting
the converter current with its reference value and neglecting
the inductor resistance rL, the reference voltage can be
obtained in discrete form as (12), where the subscript ‘ol’
stands for the open-loop operation.

vs(t)− v(t) = rLi(t)+ L
di(t)

dt
(11)
Fig. 3 Block diagrams of

a VOC
b DCEC
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vref ,ol[n] = vs[n]− L
diref [n]

dt
(12)

The derivative part of (12) can be calculated using the
first-order approximation. This approximation may reduce
the speed of the system, especially during transients and
load changes. To deal with the problem, given that the
reference current of (10) is a pure sinusoidal waveform, it is
possible to directly replace the derivative of (10) in (12),
and then convert it to the discrete form as

vref ,ol[n] = vs[n]− vLIref cos (vnTs − uref ) (13)

The open-loop current control leads to errors in the amplitude
and the phase of the converter current. This error mainly
arises from modelling errors and uncertainties, such as
neglecting the inductor resistance, rL, the fact that vs[n] and
vs(t) are equal only at sampling instants, and delays
introduced by the analogue-to-digital converters, the
program execution and the PWM modulator. To achieve a
zero steady-state error, a closed-loop control system is
IET Power Electron., 2015, Vol. 8, Iss. 2, pp. 245–254
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Table 1 Comparison of computations per sampling cycle

Operation VOC DCEC

addition/subtraction 27 6
multiplication 28 9
division 1 1
sine 2 2
arctangent 0 1
square root 0 1

Table 2 System parameters

Parameter Symbol Unit Value

filter inductance L mH 4
filter resistance rL Ω 0.25
DC-link capacitance C μF 6000
DC-link voltage Vdc V 120
grid voltage amplitude VS V 100
grid voltage frequency f (ω/2π) Hz 50
sampling frequency fs (1/Ts) kHz 5, 10
carrier frequency fcr (1/Tcr) kHz 5

Fig. 5 Bode plots of Gol(z) for three different values of k

a Ts = Tcr/2
b Ts = Tcr
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mandatory. The AC-side current is a suitable feedback signal.
To determine the effect of reference voltage changes on the
converter current, the derivative of (8) with respect to the
reference voltage is calculated as

∂DI

∂vref
= − Ts

L
(14)

As it can be seen in (14), under all circumstances, the rate of
current change is inversely proportional to the change of the
reference voltage. In other words, increasing the reference
voltage reduces the converter current and vice versa. On the
other hand, the converter current error is defined as

Di[n] = i[n]− iref [n] (15)

The current error sign determines whether the measured
current is larger or smaller than the reference current. When
the current error is positive, a decrease, and when the
current error is negative, an increase in the converter current
is required. As discussed earlier, an increase (decrease) in
the converter current can be accomplished by decreasing
(increasing) the converter voltage set-point. As a
consequence, the closed-loop reference voltage is proposed
to be

vref ,cl[n] = vref ,ol[n]+ kDi[n]

= vs[n]− vLIref cos (vnTs − uref )+ kDi[n] (16)

where k is the gain of the closed-loop controller, which must
be determined carefully to maintain the closed-loop stability,
while ensuring a fast and accurate tracking performance. In
the proposed control law of (16), the amplitude and the sign
of the current error are both used to modify the open-loop
reference voltage. For instance, when the converter current
is greater than the reference current, the current error will
be positive and the kΔi increases the reference voltage;
therefore the converter current will be reduced. From the
control point of view, the open-loop term, vref,ol, reduces
the feedback control effort, and offers faster and at the same
time smoother transient responses, especially at start-ups.
Simplified block diagram of the proposed digital current
error control (DCEC) method, as well as the VOC strategy,
Fig. 4 Block diagram of the closed-loop converter system in the mixed
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is shown in Fig. 3. As depicted, the VOC utilises the SOGI
technique to generate the fictitious phase signal.
Furthermore, in practical implementation, the VOC is
digitised using the trapezoidal approximation. A rough
comparison of computational effort between the DCEC
method and the VOC is summarised in Table 1. To make a
clear comparison, common blocks between two techniques,
continuous-discrete domain

249
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such as the PLL and the PWM generator, are excluded.
Obviously, the proposed technique enjoys significant
reduction of the computations per sampling cycle over the
VOC.

4 Stability and steady-state error analysis

In this section, an analysis of stability and steady-state error to
determine the valid range of parameter k is performed. Using
the voltage equation of filter (11) in Laplace domain and
closed-loop reference voltage (16), the block diagram of the
entire system in the mixed continuous-discrete domain can
be depicted as Fig. 4. The PWM modulator and the
converter at the fundamental frequency are readily modelled
as a zero-order hold transfer function Gc(s). The sampling
and calculation time of the discrete control system are
included in this model as a pure time delay, Td.
The system of Fig. 4 is a sampled-data analogue system.

Although the output, i(t), is continuous in time, having a
sampler in the feedback path, the analogue system
essentially becomes a digital system with the pulse transfer
function, Gfp(z)

Gfp(z) =
i(z)

vref ,cl(z)
= 1− z−1( )Z e−Tds

GF (s)

s

{ }
(17)

where Z denotes the z-transform.
The closed-loop response of the output current in the

z-domain considering the grid voltage effect can be
computed as

i(z) = L (z− 1)/Tsz
( )+ k

( )
Gfp(z)

1+ kGfp(z)
iref (z)

− Gfp(z)

1+ kGfp(z)
vs(z)+

Z vs(s)GF (s)
{ }
1+ kGfp(z)

(18)

To attain an appropriate and stable performance of the
closed-loop system, the computation time of the control
strategy must be less than one sampling period. In most
DSPs, the PWM register can be updated at both peaks and
valleys of the carrier signal; thus, when the computation
time is less than half of the carrier period, the sampling of
measured quantities and updating the PWM registers are
Fig. 6 PM as a function of k

a Ts = Tcr/2
b Ts = Tcr
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performed on both peaks and valleys of the carrier
waveform. In both once or twice sampling in a carrier
period, the delay is equal to one sampling period. The
converter pulse transfer function, Gfp(z), considering Ts =
Tcr and Ts = Tcr/2 can be calculated from (17) as

Gfp(z) =
(1− e− rL/L( )Ts )

rLz(z− e− rL/L( )Ts ) (19)
4.1 Stability analysis

To ensure stability, all poles of the closed-loop transfer
function must lie inside the unit circle. The bilinear
transformation z = (1 + w)/(1− w) transforms the inside of
the unit circle to the left-half plane and allows applying the
Routh–Hurwitz stability criterion to the characteristic
polynomial of (18), that is, 1 + kGfp(z), which gives the
following stability range for the parameter k

−rL , k ,
rL

1− e− rL/L( )Ts (20)

Using the first-order Pade approximation and assuming that rL
can be neglected and the sampling frequency is high enough,
the range of stable k can be approximated as

0 , k ,
L

Ts
(21)

As it can be seen in (21), the range of admissible values
Fig. 7 Magnitude ratio and phase difference between i(z) and iref
(z) at the fundamental frequency as a function of k; ignoring (solid
line) and taking account (dashed line) of G2(z)vs(z) and iv(z) terms

a Ts = Tcr/2
b Ts = Tcr
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Fig. 8 Steady-state simulated waveforms: Pref = 500 W, Qref = 0 VAr

1. Converter current (x-axis 50 ms/div, y-axis 5 A/div), 2. active and reactive powers (x-axis 50 ms/div, y-axis 100 W(VAr)/div), 3. current harmonic spectrum
a VOC
b DCEC
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for the parameter k is independent of the loading conditions
and only dependents on the sampling frequency and the
inductor value. With a higher inductor value and a smaller
sampling period (a higher sampling frequency), a wider
range for k, and as a consequence, decreased control system
sensitivity to the inductance variations/uncertainties is
possible. Evaluating (21) with parameters of Table 2
establishes an upper limit of 40 (Ts = Tcr/2) and 20 (Ts =
Tcr) for k.
The degree of stability can be examined from the open-loop

transfer function Gol(z) = kGfp(z). Fig. 5 shows the open-loop
Bode plots for different values of k. It can be concluded from
the plots that increasing the gain k improves the open-loop
gain at the fundamental frequency (i.e. the steady-state error
is reduced which will be addressed in the next subsection);
however, the increase of k deteriorates the phase margin
(PM) of the system. The choice of k is a compromise
between the steady-state error and PM. Using the bilinear
transformation and approximations mentioned earlier, PM
IET Power Electron., 2015, Vol. 8, Iss. 2, pp. 245–254
doi: 10.1049/iet-pel.2014.0091
can be calculated as

PM = tan−1















2L

kTs

( )2

− 1

√⎛
⎝

⎞
⎠− tan−1

2
















(2L/kTs)

2 − 1
√
(2L/kTs)

2 − 2

⎛
⎝

⎞
⎠

(22)

Fig. 6 shows the PM as a function of k. As expected, the
values beyond the constraints of (21) lead to negative PMs.
A proper range for PM is 30° < PM < 60°, which translates
to 10 < k < 24 and 7 < k < 14 for Ts = Tcr/2 and Ts = Tcr,
respectively.

4.2 Steady-state error

The steady-state error of the closed-loop system is
investigated in this section. Equation (18) is used to
251
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examine the steady-state error of the converter current. For
simplicity, this equation can be rewritten as (23). From
Fig. 4 it is evident that when ideally Td and Ts are both
zero, the second and third terms of the right-hand side of
(23) cancel out each other exactly (a perfect feedforward of
grid voltage is achieved), so the closed-loop response is
determined from the first term G1(z)iref (z). However, in
practice because of the delay Td and the fact that vs[n] and
vs(t) are equal just at sampling instants, G2(z)vs(z) and iv(z)
make an impact on the steady-state performance. Fig. 7
studies the effect of last two terms of (23) on the
steady-state magnitude and phase error of the converter
current at the fundamental frequency. Ignoring G2(z)vs(z)
and iv(z) terms brings a large error in predicting the current
tracking performance for small values of k. Thus it can be
stated that for small values of k, G1(z) lonely cannot
correctly show the performance of the system in the steady
state. Eventually, as it can be seen in Fig. 7, the current
error is large for k = 0 which corresponds to the open-loop
operation, while increasing k causes the magnitude and
phase errors decrease drastically and in the decided range
for k to obtain a proper PM, these errors are very small and
almost zero steady-state error is yielded.

i(z) = G1(z)iref (z)− G2(z)vs(z)+ iv(z) (23)

5 Simulation and experimental verification

The performance of the proposed DCEC technique is
evaluated and the results are compared with those of the
most well-known existing scheme, that is, the VOC through
simulations in MATLAB®/Simulink®. As mentioned
before, the performance of the VOC depends on the quality
of the applied PI controllers. The tuning of PI controllers is
done based on the system stability and speed of system
response. The system stability and smooth transient
response are guaranteed by appropriate selection of PM,
which in this study is chosen to be the same as the DCEC
technique. To achieve a fast dynamic response and proper
switching noise rejection, a bandwidth in the range of
Fig. 9 Instantaneous power simulated waveforms in response to severa

1. Reference, 2. VOC, 3. DCEC (x-axis 50 ms/div, y-axis 500 VA/div)
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fs/8–fs/4 is suggested for the VOC, which fs/4 is chosen
here to attain the maximum dynamic of VOC. Tuning of
parameters for both methods is done considering Ts = Tcr/2.
The system parameters are listed in Table 2.
Fig. 8 compares the steady-state waveforms of VOC and

DCEC. The sinusoidal current with low THDi and the
regulated active and reactive powers of DCEC confirm that
it can successfully achieve the excellent performance of
VOC, while taking benefit of a simpler structure.
Unlike the three-phase system, in the single-phase

system, the instantaneous and the average powers are not
equal and are related together by (24) [22]. The dynamic
performance of the converter with the VOC and the
DCEC in terms of the instantaneous power is presented in
Fig. 9, where several step changes in the power
commands are conducted. These waveforms show the
faster and smoother transient performance of the DCEC
compared with the VOC.

p(t) = vs(t)i(t) = P 1− cos (2vt)
( )− Q sin (2vt) (24)

Finally, an experimental test rig is developed to confirm the
effectiveness of the proposed control scheme. The control
methods are implemented on a single-chip DSP
TMS320F28335 from Texas Instruments. The parameters of
the experimental prototype are the same as simulations. The
converter utilises a unipolar PWM modulator with 5 kHz
carrier frequency. All sampling and computation times of
the proposed method are lower than Tcr/2 (i.e. 100 µs), so
Td = Tcr/2. The value of k is chosen to be 19, which gives
PM of 40° and the steady-state peak error of 0.7%.
Fig. 10 shows the steady-state waveforms of the VOC and

the proposed DCEC method with 500 W and 0 VAr power
commands. Even though the AC voltage is polluted with
harmonics, highly sinusoidal currents are injected into the
grid with measured THDi of 2.9% for both methods. The
results are in good agreement with the simulated
steady-state waveforms. Indeed, the high-quality
steady-state waveforms confirm that the performance of the
DCEC is comparable with the conventional VOC method in
providing high-quality sinusoidal currents.
l step changes in power commands

IET Power Electron., 2015, Vol. 8, Iss. 2, pp. 245–254
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Fig. 10 Steady-state converter current and grid voltage: Pref = 500 W, Qref = 0 VAr

a VOC
b DCEC
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The transient waveforms of the single-phase converter in
response to step changes of reference powers are presented
in Fig. 11. It can be noted that both methods offer a fast
transient response while the DCEC benefits from fewer
transient oscillations.
As described in (16), the DCEC method requires the

inductance value to calculate the closed-loop reference
voltage. Therefore it is necessary to examine the influence
of the inductance mismatch on the performance of the
conveter. Fig. 12 shows the experimental results of the
converter under unity power factor operation considering
the mismatch. The active and reactive powers and the THDi

are measured with the ‘TPS2PWR1 power analysis
application key’ for the ‘Tektronix oscilloscope’. The Serr%
Fig. 11 Converter current during step changes in the active and reacti

a VOC
b DCEC

IET Power Electron., 2015, Vol. 8, Iss. 2, pp. 245–254
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is defined as

Serr% =





























P − Pref

( )2
Q− Qref

( )2
P2
ref + Q2

ref

√√√√√ × 100 (25)

As one can see, the proposed method can successfully
maintain the power error and the current THD small even
under large mismatches in the inductance value. These
results are a direct consequence of adding the kΔi[n] term
to the current control law of (16). Low dependence to the
ve power references
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Fig. 12 Effect of inductance mismatch on the converter current
THD and the steady-state power error (Pref = 500 W, Qref = 0 VAr)

www.ietdl.org
system parameters ensures the robustness of DCEC method
under wide parameter mismatches.

6 Conclusions

The authors proposed a new stationary reference frame digital
current control for single-phase VSCs that offer many unique
features such as:

† simple algorithm besides strong theoretical background;
† highly suited for digital implementation with considering
digital control problems like delays;
† no decoupling network, fictitious phase generator and
reference frame transformation are required and the reference
converter voltage in each sampling period is computed
based on measurements and system parameters, directly;
† no PI or PR controllers are required, and it is analytically
proven that the proposed technique ensures stability and a
sufficiently small steady-state error using a simple
proportional controller;
† higher dynamic performance because of the fast control
strategy.

Besides, the simulation and experimental results confirm
the superiority of the proposed DCEC scheme in
comparison with the conventional VOC technique in
providing sinusoidal currents with less harmonic contents
and a faster and smoother transient response. Also, the
converter parameter mismatch has negligible effect on
THDi and power tracking performance of the proposed
technique.

7 References

1 Tsang, K.-M., Chan, W.-L.: ‘Multi-level multi-output single-phase
active rectifier using cascaded H-bridge converter’, IET Power
Electron., 2014, 7, (4), pp. 784–794
254
& The Institution of Engineering and Technology 2015
2 Khadkikar, V., Chandra, A., Singh, B.N.: ‘Generalised single-phase p-q
theory for active power filtering: simulation and DSP-based
experimental investigation’, IET Power Electron., 2009, 2, (1),
pp. 67–78

3 Miret, J., Castilla, M., Matas, J., Guerrero, J.M., Vasquez, J.C.:
‘Selective harmonic-compensation control for single-phase active
power filter with high harmonic rejection’, IEEE Trans. Ind. Electron.,
2009, 56, (8), pp. 3117–3127

4 Narimani, M., Moschopoulos, G.: ‘A new single-phase single-stage
three-level power factor correction AC–DC converter’, IEEE Trans.
Power Electron., 2012, 27, (6), pp. 2888–2899

5 Shen, J.-M., Jou, H.-L., Wu, J.-C.: ‘Transformerless single-phase
three-wire line-interactive uninterruptible power supply’, IET Power
Electron., 2012, 5, (9), pp. 1847–1855

6 Sreeraj, E.S., Chatterjee, K., Bandyopadhyay, S.: ‘One-cycle-controlled
single-stage single-phase voltage-sensorless grid-connected PV system’,
IEEE Trans. Ind. Electron., 2013, 60, (3), pp. 1216–1224

7 Blaabjerg, F., Chen, Z., Kjaer, S.B.: ‘Power electronics as efficient
interface in dispersed power generation systems’, IEEE Trans. Power
Electron., 2004, 19, (5), pp. 1184–1194

8 Blaabjerg, F., Teodorescu, R., Liserre, M., Timbus, A.V.: ‘Overview of
control and grid synchronization for distributed power generation
systems’, IEEE Trans. Ind. Electron., 2006, 53, (5), pp. 1398–1409

9 Wu, F., Zhang, L., Wu, Q.: ‘Simple unipolar maximum switching
frequency limited hysteresis current control for grid-connected
inverter’, IET Power Electron., 2014, 7, (4), pp. 933–945

10 Gautam, S., Gupta, R.: ‘Unified time-domain formulation of switching
frequency for hysteresis current controlled AC/DC and DC/AC grid
connected converters’, IET Power Electron., 2013, 6, (4), pp. 683–692

11 Bahrani, B., Rufer, A., Kenzelmann, S., Lopes, L.A.C.: ‘Vector control
of single-phase voltage-source converters based on fictive-axis
emulation’, IEEE Trans. Ind. Appl., 2011, 47, (2), pp. 831–840

12 Miranda, U.A., Rolim, L.G.B., Aredes, M.: ‘A DQ synchronous
reference frame current control for single-phase converters’. Power
Electronics Specialists Conf., Recife, June 2005, pp. 1377–1381

13 Zmood, D.N., Holmes, D.G.: ‘Stationary frame current regulation of
PWM inverters with zero steady-state error’, IEEE Trans. Power
Electron., 2003, 18, (3), pp. 814–822

14 Teodorescu, R., Blaabjerg, F., Liserre, M., Loh, P.C.:
‘Proportional-resonant controllers and filters for grid-connected
voltage-source converters’, Proc. Electr. Power Appl., 2006, 153, (5),
pp. 750–762

15 Monfared, M., Sanatkar, M., Golestan, S.: ‘Direct active and reactive
power control of single-phase grid-tie converters’, IET Power
Electron., 2012, 5, (8), pp. 1544–1550

16 Ramos, G.A., Costa-Castelló, R.: ‘Power factor correction and harmonic
compensation using second-order odd-harmonic repetitive control’, IET
Control Theory Appl., 2012, 6, (11), pp. 1633–1644

17 Pavlou, K.G., Vasiladiotis, M., Manias, S.N.: ‘Constrained model
predictive control strategy for single-phase switch-mode rectifiers’,
IET Power Electron., 2012, 5, (1), pp. 31–40

18 Gonzalez, M., Cárdenas, V., Pazos, F.: ‘DQ transformation development
for single-phase systems to compensate harmonic distortion and reactive
power’. Power Electronics Congress, October 2004, pp. 177–182

19 Saitou, M., Matsui, N., Shimizu, T.: ‘A control strategy of single-phase
active filter using a novel d-q transformation’. Industry Applications
Conf., October 2003, pp. 1222–1227

20 Kwon, B.-H., Choi, J.-H., Kim, T.-W.: ‘Improved single-phase
line-interactive UPS’, IEEE Trans. Ind. Electron., 2001, 48, (4),
pp. 804–811

21 Ciobotaru, M., Teodorescu, R., Blaabjerg, F.: ‘A new single-phase PLL
structure based on second order generalized integrator’. Thirty-seventh
IEEE Power Electronics Specialists Conf., June 2006, pp. 1–6

22 Khajehoddin, S.A., Karimi-Ghartemani, M., Bakhshai, A., Jain, P.: ‘A
power control method with simple structure and fast dynamic response
for single-phase grid-connected DG systems’, IEEE Trans. Power
Electron., 2013, 28, (1), pp. 221–233
IET Power Electron., 2015, Vol. 8, Iss. 2, pp. 245–254
doi: 10.1049/iet-pel.2014.0091


