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Abstract- This paper presents an online grid impedance 
estimation method for single-phase grid-connected systems, such 
as photovoltaic systems, small wind turbines, fuel-cells power 
systems. The method is based on producing a small perturbation 
on the output of the power converter that is in the form of 
periodical variations of active and reactive power (PQ variations). 
The main idea is to make the power converter working in two 
operation points in order to solve the equation of the equivalent 
grid impedance. During the perturbation, measurements of 
voltage and current are performed and signal processing 
algorithms are used in order to estimate the value of the grid 
impedance. The online grid impedance estimation method can be 
used for compliance with the anti-islanding standard 
requirements (IEEE1574, IEEE929 and VDE0126) and for 
adaptive control of the grid-connected converters. The proposed 
method is embedded in the existing power converter control. The 
selected results validate the effectiveness of the proposed method. 

Keywords- Grid impedance estimation, Distributed generation, 
Grid-connected systems, Islanding detection, Adaptive control.

I. INTRODUCTION

The increased penetration of the electrical grid with 
Distributed Power Generation Systems (DPGS) based on 
alternative sources such as photovoltaics (PVs), fuel cells and 
wind has been enabled by inverter technology developments 
[1]. The evolution of the recommended guidelines and 
standards has streamed manufacturing and shaped inverter 
design and control [2], [3]. However, this necessitates 
continuous harmonization of standards at international level [4]. 
Integrating extra functions into the operation of the inverter 
such as harmonic filtering and distortion elimination have 
added another progress dimension [5], [6]. 

In order to comply with certain stringent standard 
requirements for islanding detection such as the German 
standard VDE0126 for grid-connected PV systems, it is 
important to estimate the impedance of the distribution line 
(grid). The standard requirement is to isolate the supply within 
5 s after an impedance change of 1 ohm. Therefore, the PV 
inverters should make use of an online measurement technique 
in order to meet these regulation requirements. Moreover, the 
estimation of the grid impedance can also be used in order to 
increase the stability of the current controller by adjusting its 

parameters online. If the variation is mainly resistive then the 
damping of the line filter is significant and makes the PV 
inverter control more stable. If the variation is mainly inductive, 
then the bandwidth of the controller decreases [15]. Also, in 
this case, due to the additional inductance of the grid, the 
tuning order of the line filter becomes lower and the filter will 
not fulfill the initial design purpose. Therefore, besides the 
standard requirement the knowledge about the grid impedance 
value is an added feature for the PV inverter [13]. 

The objective of the paper is to propose an online grid 
impedance estimation method suitable for single-phase grid-
connected systems. The method relies on the variations of 
active and reactive power. 

The paper is organized as follows. First, the known 
impedance estimation techniques are summarized. Secondly, 
two applications requiring on-line grid impedance estimation 
are presented. Next, the proposed grid impedance estimation 
method based on PQ variations is described. Finally, selected 
results are presented to validate the effectiveness of the 
proposed method. 

II. GRID IMPEDANCE ESTIMATION TECHNIQUES

According to [13] different techniques, as presented in [7], 
[8], [9], [10], [11] and [12] can be used for line impedance 
measurements. It is noticeable that, usually, these methods use 
special hardware devices. Once the inputs are acquired by 
voltage and current measurement, the processing part follows, 
typically involving large mathematical calculations in order to 
obtain the impedance value. 

The state of the art divides the measuring solutions into two 
major categories: the passive and the active methods.  

The passive method uses the non characteristic signals (line 
voltages and currents) that are already present in the system. 
This method depends on the existing background distortion of 
the voltage [16] and, in numerous cases, the distortion has 
neither the amplitude nor the repetition rate to be properly 
measured. This will not be interesting for implementing it in a 
PV inverter. 
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Active methods make use of deliberately “disturbing” the 
power supply network followed by acquisition and signal 
processing [7], [8], [9] and [11]. The way of “disturbing” the 
network can vary, therefore, active methods are also divided 
into two major categories: transient methods and steady-state 
methods, as briefly described in the following. 
A. Transient Active Methods 

It is worth mentioning that the transient methods are well 
suited for obtaining fast results, due to the limited time of the 
disturbing effect on the network. Quickly, by this technique, 
the impedance measuring device generates a transient current 
in the network (e.g., a resistive short circuit), and then 
measures the grid voltage and current at two different time 
instants, before and after the impulse occurrence. The impulse 
will bring in a large harmonic spectrum that afterwards should 
be analyzed. The results obtained show the network response 
over a large frequency domain, making this method well suited 
in applications where the impedance must be known at 
different frequencies. However, this method may involve high 
performance in A/D acquisition devices and must also use 
special numerical techniques to eliminate noise and random 
errors [17]. These requirements are difficult to achieve on a 
non dedicated harmonic analyzer platform like a PV inverter, 
even if a DSP controller is used. 
B.  Steady-State Active Methods 

Steady-state methods typically inject a periodically known 
distortion into the grid and then make the analyses in the 
steady-state period. One of these techniques proposes the 
development of a dedicated inverter topology [11] and by 
measuring the phase difference between supply and inverter 
voltage the computation of line impedance. Another technique, 
which is easy to implement [18], repetitively connects a 
capacitive load to the network and measures the difference in 
phase shift of the voltage to the current. 

The technique proposed in [13] is a steady-state technique 
that injects a non characteristic harmonic current into the grid 
and records the voltage change response. Results are processed 
by means of a Fourier analysis at the particular injected 
harmonic. In this way, the method has the entire control of the 
injected current. Thus, the calculation resumes only at the 
specific Fourier terms that give the final result. It is worth 
mentioning that the same technique can be used to obtain the 
frequency characteristic of the grid impedance, if the method 
repeats the measurements at different frequencies [19]. 

III. APPLICATIONS SUITED FOR GRID IMPEDANCE ESTIMATION 

Two applications requiring on-line grid impedance 
estimation are briefly presented in the following. 

A. Anti-islanding method using grid impedance estimation 
The islanding problem is defined as a continuation of 

operation of a grid-connected converter after the grid has been 
turned off. As shown in Fig. 1, the grid-connected inverter can 
actually continue to run especially if there is a resonant RLC 
local load (where the resonant frequency is close to the line 

frequency value and the value of the resistor R matches with 
the inverter output power). This worst case scenario poses 
serious safety problems. 

PV PVP jQ

L
L

P
jQ

P j Q

Figure 1. Islanding operation phenomenon 

The German standard VDE0126 for PV inverters requires 
the detection of the increase of grid impedance within a 
determined time (1 ohm jump in the grid impedance has to be 
detected in 5 seconds). Therefore, the on-line grid impedance 
estimation is well suited for this particular standard 
requirement. 
B. Adaptive control for grid converters based on grid impedance 

estimation
The grid impedance also has impact on the control of the grid 
converters. A large variation on the grid impedance highly 
decreases the stability and the performance of the current 
controller. As mentioned, the knowledge of the grid impedance 
is important for safe operation of a grid connected converter. 
The performance of the converter also depends on the grid 
impedance (Zg) and the voltage at the Point of Common 
Coupling (VPCC) which in most of the cases is distorted due to 
other nonlinear loads connected to PCC. See Fig. 2. 

filterZ gZgI

sVdcV PCCV

estZ

Figure 2. Adaptive control of the grid-connected inverter 

The current controller parameters are tuned in accordance with 
the output filter impedance of the converter Zfilter and some 
assumed value of the grid impedance Zg. A linear current 
controller for AC reference tracking with zero steady state 
error (zero phase shift and zero amplitude error) can be 
constructed either by transforming the control system into an 
equivalent DC system and using a DC controller or by using an 
AC controller (e.g. the proportional resonant controller). In 
both cases the stability of the controllers depends upon the grid 
impedance value as the grid impedance is a serial addition to 
the output filter of the converter. If the variation is mainly 
inductive, then the bandwidth of the controller decreases as it 
can be noticed from Fig. 3. In order to alleviate this problem, 
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the gain scheduling method can be used for adjusting online 
the current controller parameters, as presented in Fig. 4. 

Frequency  (Hz)
10

0
10

1
10

2
10

3
10

4
−270

−225

−180

−135

−90

−45

0

P
ha

se
(d

eg
)

−80

−60

−40

−20

0

20

M
ag

ni
tu

de
 (

dB
)

L=9.0mH
L=3.0mH
L=1.5mH
L=0.5mH
L=0.2mH
L=0.0mH

L increases

L increases
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case of using an LCL filter 
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Figure 4. Gain scheduling method 

IV. GRID IMPEDANCE ESTIMATION - METHOD DESCRIPTION

The method relies on the variation of active and reactive 
power of the grid-connected converter. The principle of the 
variation of active and reactive power is presented in Fig. 5. A 
PQ control strategy is required in order to implement this 
method for a single-phase grid-connected system, as presented 
in [14]. 
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Figure 5. The principle for the variation of active (P) and reactive (Q) power 

The PQ control structure is depicted in Fig. 5a. The 
Orthogonal System Generation (OSG) block is required in 
order to implement a PQ control in single-phase systems. The 

orthogonal voltage system is generated by a Second Order 
Generalized Integrator (SOGI) structure, as shown in [20]. For 
three-phase systems, this is not longer required, being replaced 
by the Clarke transformation block (abc- ). 

The accuracy of this method depends of the PQ variation 
values ( P – variation value of active power P and Q – 
variation value of reactive power Q) and the duration of the 
perturbation ( tP – variation period of active power P and tQ
– variation period of reactive power Q), as shown in Fig. 5b. 

The PQ control principle is based on the relations presented 
in (1) and (2) according to [14]. 
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Fig. 6 shows the principle of how the method using PQ 
variations works. The estimation of the grid impedance using 
PQ variations is explained in the following. 

g gPCC sV I Z V    (3) 
The equation of the grid voltage measured at the Point of 

Common Coupling (VPCC) is given in (3), where Ig represents 
the current injected into the grid by the grid-connected 
converter, Zg is the grid impedance and Vs represents the 
voltage source of the grid. The difficulty in the estimation of Zg

using (3) is that the voltage source of the grid (Vs) is 
immeasurable. Therefore, the main idea is to make the power 
converter working in two operation points (1 and 2), as 
presented in Fig. 6, in order to avoid the unknown variable Vs

from (3). 
V

1V

sV

1I 2I I

gZ
2V

Figure 6. Power converter working in two operation points 

It is assumed that the grid impedance is linear between these 
two nearby working points. In (4), the equations of the grid 
voltage in these two working points are presented. V1 and V2

represent the VPCC for the working points 1 and 2. By 
subtracting V2 from V1 (5), the unknown variable Vs is avoided. 
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1 21 2 gV V Z I I    (5) 
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Figure 7. Equivalent grid impedance 

Fig. 7 shows the equivalent grid impedance, where R and L
are the resistive and the inductive part of the grid impedance. 
At the fundamental frequency the influence of EMI 
capacitance Ce over the grid impedance can be neglected: Thus, 
the relation of the grid impedance Zg can be written as shown 
in (6). 

1 2

1 2
g

V V
Z R j L

I I
  (6) 

Furthermore, the expressions of the resistance R and 
inductance L are given in (7) and (8). 

The Vq from (8) is considered equal to 0, as the orthogonal 
voltage system is created artificially for a single-phase system. 
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As it can be seen from (8), the calculation algorithm for the 
grid impedance is less complicated in contrast with some of the 
known used algorithms based on more advanced mathematics 
such as DFT method [13], Prony extrapolation [7]. 

V. RESULTS

A single-stage grid-connected PV inverter (1.5 kW power 
range) has been modeled in order to analyze the proposed 
method performances, as depicted in Fig. 8. The system has 
been modeled using MATLAB/Simulink. The plant including 
the LCL filter and the grid impedance has been developed 
using Simulink transfer functions as shown in Fig. 9. The 
voltage source inverter (VSI) is controlled using a unipolar 
PWM to place the harmonics on the high frequency side 
making them easier to filter. The parameters of the LCL filter 
are: L1 = 1426 H, Cf = 2.2 F, L2 = 713 H. The EMI 
capacitance Ce is equal to 1uF. The switching frequency of the 
inverter is 10 kHz. For higher power, the LCL filter needs to be 
redesigned. 

The Proportional Resonant (PR) plus Harmonic 
Compensator (HC) current controller, as defined in [15], has 
been used to control the grid current. 
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Figure 8. The voltage source PV inverter connected to the grid 
through an LCL filter 
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Figure 9. LCL filter and grid impedance modeling 

The following parameters were used for the PQ variations: 
P=100 W (6.6 % of nominal P), Q=100 var, tP= tQ= 60 

ms. 
A resonant filter has been used (to filter the Vd, Id, and Iq) in 

order to get accurate values for the R and L according to (8). 
The Bode plot and the step response of the resonant filter are 
presented in Fig. 10a and Fig. 10b. The resonant filter has been 
designed for a very good filtering without affecting to much 
the dynamics. 
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Figure 10. Resonant filter: a) Bode plot and b) Step response 

In the following, selected results are presented to validate the 
proposed method. 

The first set of results is obtained for a simultaneous 
resistive step of 0.1 ohm and an inductive step of 100 uH, in 
the case of a grid voltage THD equal to 0% (Fig. 11). 
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Figure 11. Simultaneous R and L steps (R step from 0.1 to 0.2 ohm and L step 

from 100 to 200uH, grid voltage THD = 0%) 

Fig. 11a shows the behavior of the grid voltage (VPCC) and 
the grid current (Ig) under PQ variations. The references and 
the measured values of the active and reactive power are 
shown in Fig. 11b and Fig.11c. The filtered values of Vd, Id,
and Iq, as shown in Fig. 11d, Fig. 11e and Fig. 11f, are used for 
solving (8). The estimated values of the resistive and inductive 
part (R est and L est) of the grid impedance are presented in 
Fig. 11g and Fig. 11h. 

The second set of results is obtained for a simultaneous 
resistive step of 0.1 ohm and an inductive step of 100 uH, in 
the case of a grid voltage THD equal to 2.5% (Fig. 12). This is 
just to show that the harmonics have a minimal impact on the 
obtained results using the proposed method. 
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Figure 12. Simultaneous R and L steps (R step from 0.1 to 0.2 ohm and L step 
from 100 to 200uH, grid voltage THD = 2.5%) 

Fig. 12a and Fig.12b show the references and the measured 
values of the active and reactive power. The filtered values of 
Vd, Id, and Iq, as shown in Fig. 12c, Fig. 12d and Fig. 12e, are 
used for solving (8). Comparing the estimated values of the 
resistive and inductive part (R est and L est) of the grid 
impedance (comparing Fig. 11g with Fig. 12f, and Fig 11h 
with Fig 12g), similar results are obtained. 

The results presented in Fig. 11 and Fig 12 are obtained 
using small values of the resistive and inductive part of the grid 
impedance. This can be the case when the grid converter is 
connected to the grid without an AC isolation transformer. 

Fig. 13 shows the results for the case when the grid 
converter is connected to the grid through an AC transformer. 
For this particular case, the following test has been performed: 
- simultaneous R and L steps (R step from 1 to 2 ohm and L
step from 2.5 to 5mH, grid voltage THD = 2.5%). 

For the compliance with the German standard VDE0126, a 
resistive step of 1ohm has been performed in the both cases, 
with (L=100uH) and without (L=2.5mH) an AC isolation 
transformer. As it can be seen from Fig. 14, the proposed 

method using PQ variations successfully fulfill the requirement 
of the standard VDE0126. 
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Figure 13. Simultaneous R and L steps (R step from 1 to 2 ohm and L step from 
2.5 to 5mH, grid voltage THD = 2.5%) 
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Figure 14. Resistive step of 1ohm (R step from 0.1 to 1.1 ohm, grid voltage 
THD = 2.5%): a) L=100uH and b) L=2.5mH 

VI. CONCLUSIONS

The grid impedance estimation using PQ variations is well 
suited for both, anti-islanding standard requirements such as 
the German standard VDE0126 and adaptive control for grid 
converters due to the fact that the output power of the inverter 
is less disturbed compare to known active methods.  

Moreover, the calculation algorithm for the grid impedance 
is less complicated in contrast with some of the known used 
algorithms based on more advanced mathematics such as DFT 
method, Prony extrapolation. Also, the PQ variation method 
proved to be robust under harmonics conditions.  
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However, the implementation of the proposed method 
necessitates the usage of the PQ control for a single-phase 
system which can be troublesome in the case of using an 
inappropriate orthogonal system generation method. 
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