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Abstract—The average active and reactive powers, P and Q, are 

crucial parameters that have to be calculated when sharing 

common loads between parallelized droop-operated single-phase 

inverters. However, the droop method algorithm should employ 

low-pass filters (LPF) with very low cut-off frequency to minimize 

the distortion impact in the provide droop amplitude and 

frequency references. This situation forces the droop control to 

operate at a very low dynamic velocity, degrading the stability of 

the parallelized system. For this reason, different solutions had 

been proposed in literature to increase the droop velocity, but the 

issues derived from the sharing of nonlinear loads had not been 

properly considered. This work proposes a novel method to 

calculate P and Q based on the fundamental components of the 

inverter's output voltage and current and using the measured 

phase angle between the output voltage and current. The method 

is used under normal and highly distorting conditions due to the 

sharing non-linear loads. The fundamental components are 

obtained by means of the highly filtering capability provided by n-

order cascaded second order generalized integrators (nSOGI). 

The proposed method leads to faster and more accurate P and Q 

calculations that enhances the droop-method dynamic 

performance. Simulations are provided to validate the proposal.  

Keywords-component; Active and reactive power calculation, single-

phase inverters, nonlinear loads, inverter parallelization, droop 

method, harmonic distortion, power quality. 

 

I. INTRODUCTION 

The calculation of the averaged active, P, and reactive, Q, 

powers is an important aspect in the droop based local control 

algorithm used to parallel single-phase inverters without 

communication between units, since it has a critical influence on 

the transient response speed of the inverter and in the parallel 

system stability [1]-[3]. This calculation had been usually 

performed by the multiplications of the inverter delivered output 

current, io(t), with the inverter output voltage, vo(t), and with the 

voltages π/2 phase shifted version, vo(t), for obtaining the active 

and reactive instantaneous powers, pi(t) and qi(t), respectively. 

In the droop-method usually a LPF should be applied to achieve 

the averaged values of pi(t) and qi(t) and for removing the double 

frequency component resulting for the multiplication of these 

sinusoidal signals when sharing linear loads [4]-[12]. In this 

operation, vo(t) can be obtained by different approaches such as 

a transport delay (TD) in [13] and [14], an extended three-phase 

dq SRF approach applied to single-phase systems in [15]-[16], 

and a method using the quadrature output of a SOGI filter in 

[17]. In [18] another method based on the calculation of powers 

and later cancellation of the double frequency component 

extracted by means of a SOGI, similarly to [6], was proposed. 

This method used a LPF and showed to reduce the time needed 

for calculating the powers in one order of magnitude, but using 

only linear loads did not consider nonlinear loads. In [19] a 

proposal based on a discrete Fourier transform (DFT) was made 

for deriving the averaged powers. However, this approach 

introduced a severe delay that makes it unsuitable for load 

having abrupt perturbations. In [20] a LMS algorithm was 

introduced for obtaining P and Q, but used approximations that 

only consider steady state conditions and consider only linear 

loads. These proposals have in common the objective of 

achieving a fast and accurate calculation of the averaged powers 

for generating the droop references in voltage and frequency. 

However, the validity of these approaches is only partial when 

sharing nonlinear loads or under harmonic voltage pollution.  

This paper proposes a modification in the power evaluation 

schemes shown in [6] and [18], using a n-order SOGI (nSOGI) 

approach for obtaining the fundamental components of the 

inverter output voltage and current when sharing a nonlinear 

load and under a 3rd harmonic and 5% amplitude voltage 

pollution. The method uses the amplitude of the voltage and 

current fundamental components and the measured phase angle 

between the voltage and current for the calculation of P and Q. 

The filtering capability of the nSOGI filter is determined by its 

damping factor parameter, ξ, which for minimizing the ripple in 

the obtained powers to a predefined desired value. The nSOGI 

proposal leads to faster P and Q calculations, since overcomes 

the speed limitations that other approaches have due to the LPF 

used in their structure. Comparisons with the classical droop 

method and with the methods proposed in [6] and [18] are made 

under the assumption of causing the same amplitude ripple at the 

final derived averaged powers when using a R-C rectified type 

nonlinear load. 

This paper is organized as follows, in Section II the power 

calculation block used in a classical droop method for a single-

phase inverter is described. In Section III an advanced method 

for calculating P-Q based on [18] is shown exposing the 

problems when using nonlinear loads and harmonic voltage 

distortion. Section IV proposes the novel power calculation 

algorithm using the fundamental components using the nSOGI 
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approach and showing simulation results for validating the 

proposal. Section V presents the conclusions of this work. 

 

II. POWER CALCULATION IN SINGLE-PHASE DROOP-

OPERATED INVERTERS 

Fig. 1 illustrates a basic scheme of a single-phase inverter that is 

operated with the droop method. In this figure can be seen that 

the control scheme is composed by a P-Q power calculation 

block, a voltage reference extraction block named after “droop 

method”, and the inverter's control inner loops plus pulse width 

modulation (CTRL+PWM) block. The P-Q block uses the 

inverter's output voltage and current to calculate the averaged 

powers, Pav and Qav, to generate the inverter's voltage reference, 

vref, to command the inverter's switches through the inner loops 

plus PWM control block. 
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Fig. 1. Generic Droop-based control scheme of a single-phase inverter. 

Fig. 2 shows the traditional power calculation method that 

multiplies the output voltage and current for obtaining the 

instantaneous active, pi, and reactive, qi, powers. The method 

uses LPFs at the end for obtaining the averaged powers [17].  
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Fig. 2 Block diagram of conventional averaged P-Q power calculation method. 

The droop control method determines the proper operating 

frequency and amplitude voltage for the inverter through the 

following equations, when line impedance and output inverter’s 

impedance are considered to be mainly inductive: 

𝜔∗ = 𝜔𝑛 − 𝑚 ∙ ∆𝑃   (1) 

𝑉∗ = 𝑉𝑛 − 𝑛 ∙ ∆𝑄   (2) 

where m and n are the droop coefficients, ωn and ω* are the 

nominal output and rated frequencies of the inverter, Vn and V* 

are the nominal output and rated amplitudes of the inverter, 

respectively. The droop method uses (1)-(2) for driving the 

following sinusoidal voltage reference 

𝑣𝑟𝑒𝑓 = 𝑉∗𝑠𝑖𝑛(𝜔∗𝑡)   (3) 

Assuming that the inverter has no distortion [15], the output 

voltage and current can be described by 

𝑣𝑜(𝑡) = 𝑉 ∙ 𝑠𝑖𝑛(𝜔0𝑡)   (4) 

𝑖𝑜(𝑡) = 𝐼 ∙ 𝑠𝑖𝑛(𝜔0𝑡 − 𝜑𝑜)  (5) 

where V and I are the voltage and current amplitudes, 𝜔𝑜 is the 

fundamental frequency and 𝜑o is the phase angle between vo and 

io. The quadrature voltage is defined as 

𝑣𝑜(𝑡) = 𝑉 ∙ sin(𝜔𝑜𝑡 −
𝜋

2
)  (6) 

So, the instantaneous active and reactive powers could be 

formulated as 

𝑝𝑖 = 𝑣𝑜(𝑡) ∙ 𝑖𝑜(𝑡) =
𝑉𝐼

2
∙[𝑐𝑜𝑠𝜑𝑜 − 𝑐𝑜𝑠(2𝜔0𝑡 − 𝜑𝑜)] = 

= 𝑃 + 𝑝     (7) 

And, in a similar way,  

𝑞𝑖 = 𝑣𝑜(𝑡) ∙ 𝑖𝑜(𝑡) =
𝑉𝐼

2
∙[𝑠𝑖𝑛𝜑𝑜 − 𝑠𝑖𝑛(2𝜔0𝑡 − 𝜑𝑜)] = 

= 𝑄 + 𝑞̃     (8) 

where P and Q are the average active and reactive powers and 𝑝 

and 𝑞̃ are the oscillating components at twice of the fundamental 

operating frequency provided by the droop method. 

The LPFs used to filter pi and qi, see Fig. 2, should have a low 

cut-off frequency value, fc, in order to reject the double 

frequency components, 𝑝  and 𝑞̃ , and achieve the averaged 

values. The cut-off frequency should be of one or two order of 

magnitude lower than the inverter's operating frequency [21], 

[22]. The fc value determines finally the speed of the droop 

method, which is too slow, typically less than 1Hz. In the case 

of sharing nonlinear loads, fc should be reduced even more to 

handle the induced high distortion. The distortions induce by 

nonlinear loads can induce distortion in the inverter's output 

voltages. So, the P-Q powers are strongly affected by nonlinear 

currents and also by the induced distortions in the output voltage, 

[23]. Therefore, it is crucial to keep the ripple distortion low in 

order not to disturb too much the droop-method's frequency and 

amplitude references, ω* and V*, which can cause a bad 

operation for the paralleled system. 

 

III. ADVANCED P-Q POWER CALCULATION METHOD 

A SOGI is a special linear filter that delivers two output signals, 

vd and vq , which are in-phase and π/2 delayed with respect to the 

input signal, vin, which have the following BPF and LPF transfer 

functions relationship regarding the input, respectively[25] 
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where ξi is the filter damping factor and ωi its tuning center 

frequency. These two parameters determine the settling time of 

the transient response of this filter 

𝑡𝑠 ≈
4

𝜉𝑖𝜔𝑖
    (11) 

The magnitude of (9) for a given harmonic h of the fundamental 

frequency ωo 

   2
22 21

2
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where 0<ξ<1 and h is an integer number. Taking into account 

the typical h values 3, 5, 7, and so on, then (12) can be further 

simplified to 

h
jhH od




2
)(     (13) 

From (11)-(13) can be seen that the SOGI has a trade-off 

relationship between harmonic attenuation and settling time, i.e. 

for small values of ξ <<1 has a strong harmonic attenuation, but 

at an expense of a very long settling time. Taking profit of these 

BPF characteristics for only linear loads and considering the 
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drawbacks of the described conventional P-Q calculation, an 

attempt to cancel the double frequency pulsations in (7)-(8) was 

proposed in [18]. This method was intended to accelerate the 

calculation of the active and reactive powers, as shown in the 

Fig. 3 block scheme:  
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Fig. 3. P-Q calculation block scheme depict on [18]. 

In Fig. 3, SOGI1 and SOGI2 are used for extracting the pulsating 

double frequency components, 𝑝  and 𝑞̃ , respectively. These 

SOGI are tuned both at 𝜔𝑖 = 2𝜔0 and ξ1=ξ2=1. The purpose of 

the LPF of the final stage is to provide the averaged powers Padvi 

and Qadvi. Fig. 3 do not show the method for generating the π/2 

delay since is not mentioned in [18]. Therefore another special 

linear filter, SOGI0, tuned at 𝜔𝑖 = 𝜔0 and ξ=0.707, is used for 

generating this phase-shift as shown in Fig. 4, for avoiding the 

undesired delay issues reported in [13], [14] and [19]. This 

method will be named as Advanced Method, although is not the 

focus of this work. The obtained averaged P-Q are then named 

as Padv and Qadv.  
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Fig. 4. Advanced P-Q calculation block scheme of Fig. 3 using an additional 

SOGI for generating the π/2 delay. 

Fig. 5 shows the simulations results after using the P-Q scheme 

of Fig. 4 when sharing a linear load that produces a current 

perturbation from 4A to 8A peak at time 1s, without distortion 

pollution in voltage. The dynamics of the active calculated 

power, Padv, is compared with those of the obtained active 

powers by the conventional droop method in Fig. 2, named as 

Pdroop and Qdroop. The cut-off frequency of the LPF in the 

conventional scheme is set to fc=1Hz and for the advanced 

method in fig. 4 the final LPF has fc=10 Hz . 

As expected, the advanced method removes faster and better the 

double frequency component in the power in front of linear 

loads. Note that only Pdroop has a small ripple due to the double 

frequency component. These results are compatible with those 

reported in [18], only referred to active power against abrupt 

linear loads changes. However, these good results change when 

a nonlinear load is used as can be seen in Fig. 6. A nonlinear load 

RC rectifier type that draws a highly distorted current with 4A 

peak is used. At time 1s a change in the nonlinear load is induced 

that pushes the peak to 8A. The simulation parameters are shown 

in Table I. 

 

 
Fig. 5. Pdroop and Padv transient response for a linear load current 

perturbation from 4A to 8A at 1s: a) Detail of the perturbation; b) Pdroop and 

Padv calculated powers. 

 
TABLE I. SIMULATION PARAMETERS FOR FIG. 6. 

Vn 311V 

ωn 2π50(rad/s) 

R at  t <1s; R at t >1s 1100Ω;372 Ω 
C 470µF 

𝝃𝟎 0.7 

𝝃𝟏,𝝃𝟐 1 

fcdroop; fcadv 1Hz; 10Hz 

 

 

 

 
Fig. 6. Pdroop and Padv transient response for a nonlinear rectifier-type load 

perturbation in current from 4A peak to 8A peak at 1s: a) Detail of the 

distorted load current perturbation from 4A peak to 8A peak; b) Pdroop and 

Padv calculated powers. c) Detail of calculated powers showing their ripple. 
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The dynamics of the proposed method in [18] were never 

considered using a nonlinear load, similarly to other proposals 

mentioned in Section I. Thus, in the presence of nonlinear loads 

the method has excessive steady state ripple due to the distortion 

corrupting the calculated powers, oppositely to the stated in [18]. 

For this reason, fc of the LPF in the advanced scheme of Fig. 4 

was reduced to fc =2.2Hz, for diminishing the ripple of Padv until 

the same level than the conventional droop method is achieved. 

Fig. 7a and Fig. 7b show this situation and also how the 

advanced method is still faster calculating P and Q than the 

conventional droop controller. Nevertheless, although the 

advantages performed by the advanced method, under the same 

dynamical and distortion-attenuation conditions, it demonstrates 

to be less effective than initially argued. 

 
Fig. 7. Pdroop and Padv transient response for a nonlinear rectifier-type load 

perturbation from 4A peak to 8A peak at 1s: a) Pdroop and Padv calculated 

powers, for Padv with a LPF with fc=2.2Hz; b) Detail of the calculated powers 

showing their ripple;  

Note also in Fig. 7a that there is a positive offset only for the 

calculated Pdroop at steady state, since the mean value of Padv is 

slightly higher. It is so because the conventional method does 

not calculate well the averaged power in steady state conditions 

when a nonlinear load is used. In the other hand, a harmonic 

pollution in the voltage can alter the calculus of P-Q. Fig. 8 

depicts the distortion induced for a grid voltage having only a 3th 

harmonic distortion of 5% amplitude and Fig 9 illustrates the 

result of having this pollution in voltage plus the nonlinear load 

of Fig. 7. Note that in Fig. 8 the 3rd harmonic distorts the 

conventional droop method calculated power which is more 

degraded in Fig. 9, where it is also shown an error in the droop 

averaged power. This error, caused by the use of a transport 

delay to generate the 90º voltage delay for the droop power 

calculation, disappears if a SOGI filtering is adopted instead. 

 

IV. PROPOSED P-Q nSOGI POWER CALCULATION METHOD 

In order to avoid the previous problems a novel algorithm is 

proposed and shown in Fig. 10. Considering the advanced 

method using a nonlinear load, the output time domain current 

of the inverter in steady state can be expressed [23] as: 
𝑖𝑜(𝑡) = 𝐼𝐷𝐶 + 𝐼0 ∙ 𝑠𝑖𝑛(𝜔𝑜𝑡 + 𝜑𝑜) + ∑ 𝐼ℎ ∙ 𝑠𝑖𝑛(ℎ ∙ 𝜔𝑜𝑡 + 𝜑ℎ)𝑁

ℎ=2           (14) 

where the sub index h represents the harmonic number, N the 

maximum set of harmonics, IDC the DC component, 𝐼𝑜   and 𝐼ℎ   
are the amplitudes of the fundamental and harmonic 

components, respectively. The fundamental frequency is 𝜔𝑜 and 

(ℎ ∙ 𝜔𝑜)  represents its harmonic multiples. Finally, 𝜑𝑜  and 𝜑ℎ   
are the phase-shift for the fundamental and harmonic 

components, respectively. Also, the 3rd harmonic voltage 

pollution can be expressed as: 

𝑣𝑜(𝑡) = 𝑉0 ∙ 𝑠𝑖𝑛(𝜔𝑜𝑡) + 0.05 ∙ 𝑉0 ∙ 𝑠𝑖𝑛(3 ∙ 𝜔𝑜𝑡 + 𝜃3)           (15) 

where 𝑉0  is the voltage fundamental amplitude, 𝜔𝑜  the 

fundamental frequency and 𝜃3  the 3rd harmonic phase-shift . 

Thus, accordingly to the scheme proposed in Fig.4, the 

instantaneous powers should be redefined as: 

𝑝𝑖
′ = 𝑃𝑎𝑣 + 𝑝̃ + 𝑣𝑜(t) ∙ ∑ 𝐼ℎ ∙ 𝑠𝑖𝑛(ℎ ∙ 𝜔𝑜𝑡 + 𝜑ℎ)

𝑁

ℎ=2

 

+0.05𝑉0 ∙ 𝑠𝑖𝑛(3 ∙ 𝜔𝑜𝑡 + 𝜃3) ∙ ∑ 𝐼ℎ𝑠𝑖𝑛(ℎ ∙ 𝜔𝑜𝑡 + 𝜑
ℎ
)𝑁

ℎ=1   (16) 

𝑞𝑖
′ = 𝑄𝑎𝑣 + 𝑞̃ + 𝑣𝑜(t) ∙ ∑ 𝐼ℎ ∙ 𝑠𝑖𝑛(ℎ ∙ 𝜔𝑜𝑡 + 𝜑ℎ)
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Fig. 8. Pdroop and Padv transient response for a linear load perturbation from 4A 

peak to 8A peak at 1s and considering a 3rd harmonic of 5% amplitude distortion 

in the supplied voltage. 

Fig. 9. Pdroop and Padv transient response for a nonlinear rectifier-type load 

perturbation from 4A peak to 8A peak at 1s and considering a 3rd harmonic of 

5% amplitude distortion in the supplied voltage. 

Therefore, the expressions for 𝑝𝑖
′  and 𝑞𝑖
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frequency components, also represented in (7) and (8), plus the 
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𝜋

2
 delay is also introduced 
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the double frequency component driven in the advanced method 

is not enough for the proper calculation of Pav and Qav, since it 

becomes necessary the filtering of the measured current and 

voltage, io and vo, in order to reject their harmonic components. 
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Fig.10. Scheme depicting the cascaded n-Order SOGI up) Scheme of a 

cascaded n-order SOGI structure; down) Proposed P-Q calculation method for 
dealing with nonlinear loads and using a nSOGI approach. 

Fig.10 shows the nSOGI approach for the obtention of the 
voltage and current fundamental components. The first stage is 
achieved through n general integrators cascaded, following the 
proposed one in [25]. Its transfer function is defined as: 
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From which the relationship between damping factor and 

attenuation to specified harmonic can be expressed as  

n

odn jhH
h /1

)(
2

     (19) 

where  is the damping factor, |Hdn(jhω0)| the attenuation at the 

harmonic h and n is the filter order. Fig. 11 plots the filtering 

capability of the nSOGI as the filter order increases. The 

amplitude of the fundamental components are obtained as 

𝑉̅ = √|𝑣𝑜𝐹|2 + |𝑣𝑜𝐹⊥|2  (20) 

𝐼 ̅ = √|𝑖0F|2 + |𝑖oF⊥|2   (21) 

where 𝑣0𝐹  and  𝑖0𝐹  are the voltage and current fundamental 

components and 𝑣0𝐹⊥  and  𝑖0𝐹⊥ their respective /2 phase-

shifted versions, respectively. By considering φ as the phase-

shift between fundamental voltage and current due to the 

presence of reactive, as defined in [23]-[24], the averaged active 

and reactive powers can be calculated as 

𝜑 = 𝑡𝑎𝑛−1(𝑣0𝐹⊥/𝑣0𝐹) − 𝑡𝑎𝑛−1(𝑖0𝐹/𝑖0𝐹⊥) (22) 

𝑃 =
1

2
𝑉̅ ∙ 𝐼 ̅ ∙ 𝑐𝑜𝑠(𝜑)   (23) 

𝑄 =
1

2
𝑉̅ ∙ 𝐼 ̅ ∙ 𝑠𝑖𝑛(𝜑)   (24) 
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Fig. 11. Bode magnitude plot of a 1st, 2nd, and 3rd-order SOGI for ξ=0.11. 

 
TABLE II. SIMULATION PARAMETERS FIG.12. 

Vo 311V 

3rd harmonic voltage 
amplitude  

5% 

ω0 2π50(rad/s) 

R at  t <1s; R at t >1s 1100Ω;372 Ω 

C 470µF 

𝝃𝒗 0.7 

𝝃𝒊 0.25 

fcdroop; fcadv 1Hz; 2.2Hz 

 
TABLE III. SIMULATION RESULTS FIG.12. 

Measured rise time in transient (ms) 

PDROOP 270.624 
PADV 127.321 

PnSOGI 42.047 

Improvement in rise time (reduction) 

PnSOGI  VS  PADV -66.975% 
PNSOGI  VS  PDROOP -84.45% 

 

 

Fig. 12. Transient responses for a nonlinear rectifier-type load perturbation 

from 4A peak to 8A peak at 1s, with a 5% in amplitude 3rd harmonic in 

voltage: up) Calculated powers at steady-state. down) Pdroop, Padv and 
PnSOGI active powers.  

The resulting values will be referred as PnSOGI for the active 

power, and QnSOGI for the reactive one. The order of the nSOGI 

structures in Fig. 10are set to n=2 for voltage and n=3 for 
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current, which are necessary for removing the harmonic 

components from the voltage and the nonlinear distortion from 

the current. After that, the system nSOGI damping factors are 

tuned to obtain the fundamental components in order to have a 

power ripple identical in amplitude as the conventional droop 

method for fc=1Hz. The parameters are ξv=ξv1=ξv2=0.7 for the 

voltage and ξi=ξi1= ξi2= ξi3=0.25 for the current. Fig. 12 shows 

the simulations results in which can be clearly seen that the 

nSOGI method is faster. Table II show the simulation 

parameters for the proposed method. Table III yields the 

measured rise time for the transient responses depicted in Fig. 

12, which shows that the proposed method implies a remarkable 

reduction in the rise time regarding Padv and Pdroop, 

respectively, keeping the same ripple in active power in steady 

state at 5.41% and 4.31% respectively for the advanced and the 

nSOGI algorithms. 

 

V. CONCLUSIONS 

A novel calculation algorithm of the active power in droop-

based control of power inverters has been proposed for dealing 

against the issues related to the sharing of non-linear loads. The 

algorithm uses a n-order SOGI approach working under 

harmonic distortion and with nonlinear load, tuned for achieving 

the fundamental components that lead to the same ripple 

amplitude in the calculated powers regarding the conventional 

and advanced droop-based approaches. The comparison 

between the proposed scheme against the conventional droop 

control and an advanced method based on [18], demonstrates its 

suitability for reducing the rise time during an abrupt load 

change transient in a 66.975% against the advanced method and 

a 84.45% with respect to the conventional one. As expected, the 

harmonic rejection referred to DC component for active power 

is reduced from 1.84% in the advanced method, down to 0.50% 

in the proposed new algorithm, a 72.8% enhancement. A lower 

computation burden is introduced since the nSOGI filtering of 

voltage and current permits to obtain the active and reactive 

powers through simple arithmetic operations. These 

improvements suppose an enhancement in the droop speed 

operation under non-sinusoidal conditions in current and with 

harmonic distortion in voltage that may lead to a better dynamic 

performance of the system. Future works will be focused on 

determine the improvements in load sharing dynamics. 
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