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Abstract-This paper presents two control algorithms for grid-tied three-phase inverters for renewable energy systems under
unbalanced grid voltages. The algorithms are focused on the quality of the injected currents, so they are used to inject balanced
currents despite the voltage unbalances. Each algorithm is composed of three control loops: the reference signal generation, the
reference signal synchronization and the curent controller. The first control loop generates the reference currents in order to
regulate the active and the reactive powers delivered to the grid by the renewable energy system. The second loop is used to
estimate the positive sequence component of the grid voltage. The last control loop generates the power inverter firing pulses in
order to follow the reference current. In this paperare considered two algorithms, one algorithm in the abc coordinates and the
other in the dgO coordinates. In both cases, it is considered a Kalman filter as the synchronization algorithm. The algorithms
performance is evaluated by some simulations in PSIM and a comparative analysis is made between them. The results showed
that the two algorithms present an outstanding performance in the injection of balanced currents with low total harmonic
distortion despite the voltage unbalance. Also, the Kalman filter gets the desired estimation in less than a quarter of the grid
period.
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1. Introduction filter and the inverter control system can be seen in
Fig.1[4].The point where the system is connected to the grid
Nowadays, renewable energy sources are considered asa is known as Point of Common Coupling(PCC).
solution to meet the potential energy needs in the world. One
motivation for the use of these energy sources is the

exhaustion of the existing ones, like the fossil fuels. Another — Distuibution
- - h I b I - h I R?l](:‘\\"tlb](‘ 4= J_ + h]&?::;l‘ Filter PCC network
important reason is the global warming over the last years cnergy system o ¥ L] C
mainly due to greenhouse gases emissions[1]. In this way, the and control i1 - JK} E :

R strategy ' H
use of renewable energy systems as wind power and H ¥ :

photovoltaic systems has grown fast over the last decade[2].
Reference signal Current
generation controller

This kind of renewable energy sources has led to

anincrease in the use of power inverters as an interface to :
connect the energy source to the utility network. A general

. . . . Referencesignal |
diagram of a grid-tied inverter used for renewable systems synchronization

applications is presented in Fig. 1[3]. In this paper, the DC
input power and its control strategy are disregarded. A DC-
AC converter known as power inverter is considered to
transform the DC signal into an AC one. Also a connection

Fig. 1.General diagram of a grid-tied inverter for renewable
systems applications.
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The performance of the grid-tied system depends greatly
of the control system, which is executed by three control
loops:

» The reference signal generation
» The reference signal synchronization
» The current controller

The first two control loops are used to generate athree-
phase reference current in order to deliver the desired active
and reactive powers to the grid. The current controller is used
togenerate the inverter firing pulses for tracking the reference
signal.Furthermore, the injected current should follow some
quality power specifications and requirements given by the
corresponding standard by country[5]. So, these conditions
have to be considered by the control system.

This paper is focused in the algorithms used to control
thepower inverter when the voltages at the PCC are
unbalanced. The unbalanced at the PCC voltage can produce
harmonics and unbalances in the injected current when these
conditions are not considered in the control algorithms[6].
These disturbancescould cause the non-compliance with the
power quality standards[7]. Furthermore, the injection of
unbalances currents can result in additional energy losses in
the distribution system, additional heating and limitation of
the line distribution capacityand unbalances in the system
voltages.

In this way, different kind of strategies can be
implemented to generate the inverter reference current under
PCC unbalanced voltages, for example, the Instantaneous
Active Reactive Control, the Instantaneously Controlled
Positive  Sequence, the Positive  NegativeSequence
Compensation, and the Balanced Positive Sequence Control,
between others. These strategies differ from each other
according to the quality of the current to be injected and
possible oscillations in the resulting power[8].

This paper gives priority to the quality of the currents, so
the reference signal generation algorithm is focused in obtain
balanced currents despite the unbalances in the PCC voltage.
Accordingly, this paper presents two reference signal
generation algorithms, one in the abccoordinates and the other
in the dgO coordinates. In both cases, it is considered a Kalman
filter as the synchronization algorithm. This filter extract the
positive sequence component of the PCC unbalanced voltage
in order to syncronize the reference signal with this
component and obtain balanced currents.

On the other hand, the inverter control is made by using a
Dead-Beat controller when the reference current algorithm is
in the abc coordinates and a Proportional-Integral regulator
when the algorithm is in the dgO coordinates. Also, a Pulse

Width Modulation (PWM) technique is used to generate the
inverter firing pulses in both cases.

Accordingly, the organization of the paper is as follows.
Section 2 shows the system model in both the abc coordinates
and the dqg0 coordinates. In section 3, the control loops are
described including the reference signal generation
algorithms, the synchronization algorithm and the inverter
controllers. The simulation results are presented in Section 4.
Finally, the main conclusions of the work are shown.

2. System Model

The equivalent electric circuit of the grid-tied three-phase
inverter is presented in Fig. 2. This equivalent is obtained
based on the following assumptions[9].

» The input power source and its control strategy are
disregarded, so the renewable energy source, the
possible DC-DCand/or AC-DC converters andthe DC
side capacitor aremodelled as an ideal DC voltage
source VCD.

» The power semiconductors devicesof the power
inverters are assumed as controlled ideal switches.

» The three-phase inverter is connected to the grid
through a first order filter composed of an inductive
element L. The resistor Rrepresents the inductor
resistance and it is disregarded for the controllers
design.

» The equivalent electric network at the PCC is modeled
by using a three-phase independent voltage source.

» The sampling frequency is 20 [kHz].

BB B i

Reference signal
generation and
synchronizati

_

A A4

Fig. 2.Equivalent electric circuit of the grid-tied inverter.
2.1 System model in the abc coordinates
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The model of the electric system can be found from the
equivalent circuit presented in Fig.3, where ua, up and ucare the
grid voltages at the PCC; Uainv, Ubinv and Uciny are the output
voltages at the power inverter, i, i» and ic are the injected
currents and L is the connection coil. Taking into account the
differential equations that describe the equivalent circuit, the
system can be represented as shown in Eq. (1) [10].

Uainy L i Ua
la
D r‘r‘rﬂ_,_@i
_/
N -+ 37]
@ f‘\"r‘ﬁ__>_@7
Uciny Ue
L ic
_/
Fig. 3.Equivalent electric circuit.
L
uinva 2/3 _1/3 —1/3 gt
Uno |=|-1/3 2/3 -1/3 Lﬁ+ub(t)
Ume | |-1/3 —-1/3 2/3 | i
L dtc +u,(t)

1)
2.2 System model in the dgO coordinates

The model in the dq0 coordinates can be found from the
differential equations that describe the equivalent circuit in the
abccoordinates and the Park transformation. The resulting
model in the dq coordinates is shown in Eq. (2), where ug and
Uq are the grid voltages at the PCC in the dq coordinates, Udiny
and uginv are the inverter output voltages in the dq coordinates,
ig and iq are the injected currents in those coordinates and o is
the grid frequency [11]. In this case, the zero sequence current
component is neglected because it is considered a three-phase
three-wire system as shown in Fig.2.

Uginy _Li iy Ll —iq N Uy
T i 0 e R T @

3. Control Algorithms

The control algorithms are shown according to the
following classification: the reference signal generation
techniques, the synchronization algorithm and the current
controllers.

3.1 Reference signals generation

When the voltages are unbalanced in the PCC, the
system can be controlled in different ways according to the
quality of the current and the characteristics of the power to be
injected[12]. This paper gives priority to the quality of the
currents, so the signal reference generation algorithm is
focused on getting balanced reference currents without
harmonic distortion.

The unbalanced three-phase voltage at the PCC can be
decomposed into the sum of a positive sequenceu,, a

negative sequence u, and azero sequence uy , as follows[13]:

U (t) =ug (t) +ug (t) +ug(t) . k=a,b,c 3

These voltages can be expressed according to equation
(4), whereu®,u* andu~ are the amplitudes and 6°, 6*and
6~ the angles for the zero sequence, the positive sequence and
the negative sequence, respectively[13].

u, =u’cos(8°) +u*cos(0) +u cos(d")
u, =u’cos(#°) +u* cos(d* - 2—ﬂ) +u”cos(@ + 2—”)
3 3 @

u, =u’cos(#’) +u” cos(d* + 2?”) +U"cos(6” —2?”)

Furthermore, these symmetrical components can be
represented in the «f0 coordinates and the dgO coordinates
according to equations (5) and (6), respectively.

u, | fus+u;

Uy [=|Uj+Uy
Uo Up 5)

us | [ug +u;
Uy |=|Uq +Uq
Uo Uo (6)

» The currents can also be decomposed into symmetrical
components just as the voltage.

» The zero sequence current component is disregarded
because it is considered a three-phase three-wire system.

» The control algorithms seek to generate a balanced current
of positive sequence as shown in equation Eq. (7) for the
three-phases.
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i, =i"cos(d")
i, =1"cos(9" —1207) 0
i, =i"cos(0" +120")

These components in the o0 coordinates and the dg0
coordinates are given Eq. (8) and Eg. (9) respectively.

HEH
AR

Considering these balanced reference currents, the injected
active power is defined as the sum of two components[14], an
average power P and an oscillatory power p :

(®)

p=p+p (10)
Where the average active power is given by equation (11).
P =ugiq +Ugiy 1)

The oscillatory component of the active power p is given

by the interaction of the negative sequence component of the
PCC voltage and the positive sequence component of the

injected current, in this case uyiy and ugi, . Similarly, this
analysis is made for the reactive power:
q=0+q (12)

Where:

q— u+i+ _ u+i+
q =Ugls —Uql, (13)
The oscillatory component of the reactive power ¢ is

given by the interaction of the negative sequence component
of the PCC voltage and the positive sequence component of

the injected current, in this case u,i, and ugi; .

3.1.1 Reference currents in the dg0 coordinates

In this coordinates, equations can be simplified if the
system is synchronized with the positive sequence component
of the PCC voltage[15], because the quadrature component of
this voltage(u, ) is zero. Therefore, the reference currents may

be expressed as[8]:

(14)

(15)
3.1.2 Reference currents in the abc coordinates

The algorithm is based on the decomposition of the
currents into two signals, one component only provides active
power (subscript p) and the other component only provides
reactive power (subscript g). In this way, the currents for each
phase are represented as follows:

.y . .y
I, Iap Iaq
.y .y .
by [=|1lop [+ log
+ s T+

(16)

In order to find the two components of the currents, firstly
the reference currents in the af0coordinates are expressed as
a function of the average active power and the average reactive
power according to equation (15).

| 1 u; u; | p
iy ] ulwuup o —u @

Then, equation (18) is obtained by using the inverse of the
Clark transformation.

17

i 1 0
Sl 21 4B 1 {u; u; }F
b | =l Al T A A~ | 2z 2 —
. 3] 2 2 fuy+uy|u; —u. | Q@
AR B S ]

L 2 2 |

(18)

Finally, the components of the currents are separated and
the equivalent voltages in the abc coordinates are replaced:

ap _ 2u, —U, —Uu;
p/3
2

Zﬁ —u;+2u§—u§
I B TS T A T

—Us — U +2u;

(19)
[ _ 0+u, —u;
i, :ﬂ —ul+0+u;
- U, +U, +U . .
Ieq u, —u, +0
(20)
3.2 Reference signals synchronization: The
Kalman filter
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According to the reference signal generation algorithms, it
is needed a previous estimation of the positive sequence
component of the PCC voltage in order to synchronize the
reference currents and guarantee the injection of balanced
currents. In this way, this previous estimation is made by using
a kalman filter.

The Kalman filter is a recursive algorithm that can estimate
the states of a dynamic system with Gaussian white noise by
using measures related to the states. These measures can also
be contaminated with such kind of noise[13].

The Kalman filter is based on the system model and the
relationship between the measures and the states. Once the
model and this relationship are established, the filter only
needs the measures at time n and the value of the states at time
n-1, in order to estimate the states at time n and predict the
states for n+1[16].

The basic equations used to implement the algorithm are:
the state equation and the measurement equation, which are
presented below:

State equation:
X (n+1) = A(n)X(n) +U,(n) (21)

Where X(n) is the states vector at n, X (n+1)is the states
vector at n+1, A(n) is the states transition matrix that relates
the states at n+1 with the states at n. The last term U,(n)

corresponds to the white noise due to random variations of the
states.

Measurement equation:

Zm=HmXMm+Us() 9y

Where Z (n) represents the vector of the measured signals,

H (n) is the measurements matrix and U2 (Nn) represents the
random error due to the measurement and it is uncorrelated
with the noise U1(n) .

Fig.4 shows he iterative process of the Kalman algorithm,
where: P(n)is the error covariance matrix, K(n)is the
Kalman gain, lis the identity matrix, R(n) is the covariance
matrix associated with the noise vector U, (n) whose value is
given by R(n)=c?l; and Q(n) is the covariance matrix

associated with the noise vector U,(n)whose value is given
by Q(n)=c:l.

The covarianceso, and o, must be determined for an

optimal performance of the algorithm according to the
application.

Priori estimation of the

states and error covariance
P(0),X(0)

Calculation of the Kalman gain

| K (n) :P(n)HT(n)[H(n)P(n)Hr(n) + R(nﬁ1

Estimation projection
Updale of the estimate with the measure
X(n+1)=4X(n)
X X K(n)[Z(n)-H(@n)X
P+ 1) = AP AT + () () =X@)+ Km[Z@) - Hm)X )]

Update of the error covariance
P(n)= I K(n)H(n) |P(n)

Fig. 4.Kalman algorithm.

In this application, the Kalman filter is implemented in
order to estimate the positive sequence component of the PCC
voltage. For this, the state vector is selected as[13]:

x

1 u“cos(8")
X; | _|u'sin(8")
Xo | u-cos(07)
X4 u-sin(@)
(23)

According to the state vector, the state equation and the
measurement equation are given by Eq. (24) and Eq. (25)
respectively.

x1(n+1) x1(n)
Xo(n+1) | A 0] Xo(n) +Us(n)
xs(+1)| |0 Al xs(n)| *
X4(n+1) X4(n) o
Where:
| cos(@yTs)  —sin(eT)
| sin(eT,)  cos(w;Ty)
x,(n)
Uy (n) | 3 33 B X,(n)
U () =|2 2 2 2 %. () +U,(n)
bc O \/g 0 \/§ 3
X, (n) 25)

Finally, the positive sequence voltages can be obtained
from the states, as shown below:
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u, 1 0

u|=-172 V3I2 {Xl}

wl| |12 —vB2*
(26)

The positive sequence amplitude u*can be obtained from
the states x, and X, , as shown in Eq. (27).

v g

In the dqO coordinates, the positive sequence component
can be obtained by using equation (28).

, Ly +J§y L, J§y u
+ 1 —ANVrT— Y T o YiT 7)o
s |_ |2 270 2 27 2 7y
u;’ 3 -y ﬂy +ly _ﬁ +ly u’
2 2 1 2 2 2 1 2 2 c (28)

Where y; = cos(6) and y, =sin(6").

3.3 Current controllers

The current controllers are used to determine the reference
voltage signals at the inverter AC side in order to follow the
reference currents. Subsequently, the reference voltage signals
are synthesized by using a Pulse Witdth Modulation (PWM)
technique in order to generate the firing pulses.

3.3.1 Predictive controller (Dead-Beat)

This control technique predicts the inverter output voltage
by using the model of the system in order to reach the
reference currents by the end of the next modulation
period[10].

The voltage signals are determined from the discrete
model of the system in the abc coordinates. This model is
calculated by using the bilinear transformation and the model
presented in equation (1). The resulting algorithm isshown in
equation (29).

L
—e, +U,(n
T (n)

uinva 2/3 —1/3 —1/3 s
Une |=|-L/3 213 -3+ Ze+u(n)
uinvc _1/3 _1/3 2/3 )

L
—e +Uu.(n
T (n)

s

(29)

Where k=a,b,c; i/(n)and
i (N) are the reference current and the injected current for the

e =i (n) =i (n) for

k phase, respectively.

3.3.2 Proportional-integral  control in

coordinates (P1-dqg0)

dgo

This controller is used to estimate the derivatives of the
currents in the dgO coordinates as a function of the injected
currents errors, as shown in equations (30) and (31)[17].

Ldid(t)
Dl(t) _ dt
D.(t)] | di(®)
dt
(30)
kpk . _
D.() =kue, (0 + 3 j e (t)dt . k =12
(31)

Where the current errors in thedq coordinates are given by:
e (t) =g (t) —ign(t) and e, (t) =iy (t) —ign(t) .

Equation is discretized in order to obtain:

D, (n) = k[, () — e, (n —1)]+%ek(n) "

D(n-1) . k=12 "
(32)

Once these derivatives are estimated, equation (2) is used
to determine the output voltage of the inverter in the dg
coordinates. Finally, the inverses of the Clark and Park
transformations are used to find the voltages in the abc,
sotheycanbesynthesizedbythePWMtechnique.

4. Simulations and Results

The algorithms performance was evaluated by simulations
in the software PSIM and the results were compared based on
the following parameters: the Total Harmonic Distortion
(THD) of the injected currents, the Mean Square Error (MSE)
and the Instantaneous Maximum Error (IME) in steady-state
in the injected currents; and the MSE in the powers.

The voltages considered at the PCC are shown in Fig.5.Eq.
(33) and Eq. (34) show the voltagesfor0<¢ <0.05 [s] and 0.05<

t < 1 [s] respectively, with u™ =120+/2 [V],u~ =12./2
VLU =1.2J/2 [V], 0" =6 =6°=1202t [rad]. It is
noticed that there is a change in the phase of the PCC

voltage.Also, a negative and a zero sequence components are
includedin the voltage since t=0.05[s].
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u, u”sin(6)
Up | = u*sin(0+2§) (33)
. 2r
u*sin(@ - —
(0=

. T . T 0 .. T
utsin(@+—=)+u"sin(6+—)+u"sin(6+—
( 4) ( 4) ( 4)

. 5n . 11n 0. b
up |=utsin(@—===)+u"sin(0+=—)+u"sin(0+—
b ( 12) ( 12) ( 4)

u* sin(0 -+ 25y + 4 sin(0—25) + W0 sin(0+ )
I 12 12 4|
(34)

The simulation parameters are presented in Table 1. In this
case, the average values for the active and reactive powers
were chosen in order to consider a 0.8 leading power factor.

Time is)

Fig. 5.Voltages at the PCC.
4.1 Synchronization algorithm results

The positive sequence component of the PCC voltage and
its estimation by using the Kalman filter are shown in Fig. 6.
As can be seen, the Kalman filters extracts accurately this
component even under negative and zero sequence
unbalances. Also, the response time of the filter is almost a
quarter of the grid period.

Table 1.Simulation parameters

Variable Value
Pret 2000[W]
Oref -1500 [VAR]

L 20 [mH]
feria 60 [H]
f campling 20 [kH]

o, 1*107°

o 3*1078

PWM peak to peak value 519.61
Kp1:Kp2 300

Tin.Tio 50000

Vi 450 [V]

100

-100

Fig. 6.Positive sequence component of the PCC voltage
(black line) and its estimation (grey line).

4.2 Results: algorithm in the abc coordinates
The currents injected to the grid by using the referece

signal generation algorithm in the abc coordinates and the
Dead-beat controller are shown in Fig 7.

Laimv Lhiny

Fig. 7.Currents injected to the grid by using abc — Dead-Beat
controllers.

Table 2. shows the rms values of the reference currents,
the rms values of the injected currents and the THD when the
grid voltages are ideal, likewise Table 3. shows the same
parameters but when the grid voltages are unbalanced.

Table 2.Currents injected to the grid using abc — Dead-Beat
controllers with idealgrid voltages.
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iref (Ams) iinv (Arms) THD

ia | 695 | iginy | 689 | iainy | 1.60%
iy | 695 | ipiny | 6:89 | ipiny | 1.37%
ic | 694 | iginy | 6.88 | iginy | 1.43%

Table 3.Currents injected to the grid using abc — Dead-Beat
controllers with unbalaced grid voltages.

iref (Ams) iinv (Ams) THD

ia | 694 | iginy | 686 | iginy | 1.53%
i | 694 | iginy | 692 | ipiny | 1.50%
ic | 694 | iginy | 688 | iginy | 1.69%

It can be observed that the THD of the injected currents is
very low, either with ideal or unbalanced voltages. Likewise,
the tracking of the injected currents with respect to the
reference currents is very good in both cases.

Fig.8 presents the active and the reactive powers injected
to the grid. As can be observed, after t=0.05 [s] the powers
have an oscillatory component due to the interaction of the
negative sequence component of the PCC voltage and the
positive sequence component of the injected currents. Also,
there is a ripple in the injected powers due to the switching
operation of the power inverter. Notice that the overshoot in
the reactive power is generatedby thechange in the phase of
the PCC voltageat t=0.05 [s]. This transient response is due to
the delay of the Kalman filter (response time) in the estimation
of the positive sequence component of the PCC voltages, as
can be seen in Fig. 6.

Table 4. shows the average value of the active and reactive
powers injected to the grid with both ideal and unbalanced
voltages at the PCC. As can be seen, it is obtained small errors
even under unbalanced voltages, so the controllers achive the
proposed goals.

2000

1000 [f--mmmmmmmosgo s o

I T F T R EEEEr AEERE R

q

1000

Fig. 8.Active and reactive powers by using the abc — Dead-
Beat controller

Table 4.Injected powers to the grid using abc — Dead-Beat
controllers.

p w) €p q (VAR) €q
Uigea 2044 2.2% 1411 5.93%
Uunbalanced 2040 2% _1412 5.86%

4.3 Results: algorithm in the dgO coordinates

The three-phase injected currents by using the reference
signal algorithm in the the dgqO coordinates and the PI-dq0
controller are shown in Fig. 9.

lagmy Lhon

Fig. 9.Currents injected to the grid by using the dq0 - Pldg0
controller.
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Table 5. shows the rms values of the reference currents,
the rms values of the injected currents and the THD when the
grid voltages are ideal, likewise Table 6. shows the same
parameters but when the grid voltages are unbalanced.

Table 5.Currents injected to the grid using the dqo0 - Pldq0
controller with idealgrid voltages.

iref (Ams) | Ty (Ams) THD
i 6.94 | iginy | 7.01 | iginy | 1.29%
i 6.94 | ipiny | 7.01 | ipiny | 1.37%
i 6.94 | iginy | 7.01 | iginy | 1.38%

Table 6.Currents injected to the grid using the dq0 - Pldq0
controller with unbalanced grid voltages.

iref (Ams) | Tiny (Apms) THD

ia | 694 | igjny | 696 | iginy | 1.33%
i 6.94 | ipiny | 7.05 | ipiny | 1.39%
ic | 694 | iginy | 701 | iginy | 132%

Fig.10 shows the active and the reactive powers injected to the
grid by using the algorithms in the dgO coordinates. As can be
observed, after t=0.05 [s] the powers have an oscillatory
component and a small ripple as it was expected.

s

1000

Time (g

Fig. 10.Active and reactive powers by using dq0 — P1dqO.

The average value of the active and reactive powers
injected to the grid with both ideal and unbalanced voltages at
the PCC by using the algorithm in the dq0O coordinates is
presented in Table 7. As can be seen, it is obtained smaller

errors than those obtaing with the algorithm in the abc
coordinates.

Table 7. Injected powers to the grid by using the dg0 - Pldq0
controller.

p ep | 9 | eq

W) (VAR)
Uideal | 2034 | 1.7% | -1502 | 0.13%
Uunbalanced | 2031 | 1.55% | -1501 | 0.06%

4.4 Comparison results

Finally, Table 8. presents a comparison between
theperformance of the controllers in steady state when the grid
voltages are ideal. The comparison ishased on the parameters
mentioned before. Also, Table 9. shows the same comparison
but with unbalanced voltages in the PCC.

Table 8. Comparison results considering ideal voltages.

Ref. abc - Dead-Beat Ref. dg0 — Pidq0
iainv ibinv icinv iainv ibinv icinv
THD 1.60% 1.37% | 1.43% | 1.29% | 1.37% | 1.38%
IME 8.22% | 7.39% | 6.40% | 5.86% | 5.80% | 5.84%
MSE 2.65% | 2.65% | 2.58% | 2.10% | 2.15% | 2.22%

Table 9.Comparison results with unbalanced voltages

Ref. abc - Dead-Beat Ref. dg0 — Pidq0

iainv ibinv icinv iainv ibinv icinv
THD 1.53% | 1.60% | 1.69% | 1.33% | 1.39% | 1.32%
IME 7.73% | 8.22% | 8.29% | 5.25% | 6.35% | 5.23%
MSE 2.60% | 2.54% | 3.18% | 2.14% | 2.59% | 1.70%

As can be observed in Table 8. and Table 9., the injected
currents present low harmonic distortion (THD < 5%) by
using either of the two algorithms. Also, these currents are
balanced despite the voltage unbalances at the PCC, so the
control algorithms achive the proposed goals. According to
the MSE and IME values, the performance of both algorithms
is very similar. The biggest different between the algorithms
is that the one in the dg0 coordinates requires the
transformation of the electrical signals from the abc to dg0
coordinates, and vice versa.

5. Conclusions
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This paper presented two algorithms used to control the
active and reactive powers in grid-tied three-phase inverters
for renewable energy sources applications. The algorithms
were focus in the quality of the injected currents under PCC
unbalanced voltages, one algorithm in the abc coordinates and
the other in the dqO coordinates.Both algorithms were
synchronized by a Kalman filter. This filter was used to
estimate the positive sequence component of the PCC voltages
and guarantee the injection of balanced and sinusoidal
currents. The simulations results showed that the two
algorithms present an outstanding performance in the injection
of balanced currents with low total harmonic distortion despite
the voltage unbalances. However, the algorithm implemented
in the dq0 coordinates showed smaller power error than the
algorithm in the abc coordinates. Furthermore, both
algorithms follows the average value of the active and reactive
reference powers, however the injection of balanced currents
leads to oscillations in the active and reactive instantaneous
powers.
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