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A B S T R A C T  
 

 

Grid impedance estimation is used in many power system applications such as grid connected 
renewable energy systems and power quality analysis of smart grids. The grid impedance estimation 

techniques based on signal injection uses Ohm’s law for the estimation. In these methods, one or 

several signal(s) is (are) injected to Point of Common Coupling (PCC). Then the current through and 
voltage of PCC are measured. Finally, the impedance is assumed as ratio of voltage to current signals 

in frequency domain. In a noisy system, energy of the injected signal must be sufficient for an accurate 

approximation. However, power quality issues and regulations limit the energy and the voltage levels 
of the injected signal. There are three main issues in impedance estimation using signal injection: I) 

Power quality of grid, II) frequency range of estimation, and finally III) accuracy of estimation. In this 

paper, the stationary wavelet denoising algorithm is employed instead of increasing the energy of 
injection signal(s). In the paper, a novel method is proposed for impedance estimation based on 

selecting several appropriate injection signals and denoising the measured signals. The proposed 

method is able to impedance estimation in a wide frequency range without any effect on power quality. 
Finally, simulation results have been carried out to validate the proposed method.  

doi: 10.5829/ije.2018.31.10a.08 
 

 
1. INTRODUCTION1 

 
Electrical impedance is assumed as the ratio of voltage 

signal of Point of Common Coupling (PCC) to current 

through PCC in frequency domain [1, 2]. The 

impedance of the grid consists of inductive, resistive 

and capacitive couplings is dependent on the type and 

configuration of grid elements such as transformers and 

feeders. The grid impedance is measured in frequency 

domain and it varies at different frequencies. Impedance 

estimation is used in many applications such as 

islanding detection [3, 4], controlling the stability of the 

current controller [5], designing the stable inverter [6], 

passive and active filter design [7, 8], and improving the 

performance of the impedance-source converter [9]. 

Impedance estimation techniques use the Ohm’s law in 
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frequency domain. Impedance estimation techniques 

can be categorized into passive [10, 11] and active [6, 

12, 13] methods. Passive methods estimate the 

impedance of grid with no effect on power quality of the 

network because they estimate the grid impedance 

without changing or injecting a signal to the grid. In the 

passive methods, the current through and voltage of 

PCC are measured, and then the impedance is 

approximated based on the Ohm’s law. They are able to 

estimate grid impedance only at the frequencies that are 

present in the sampling time. Since usually the normal 

active grids have one main frequency (frequencies of 50 

or 60 Hz) and its harmonics, these methods are unable 

to estimate the impedance at various frequencies once 

the grid distortions are not enough [14]. In addition, 

passive grids do not have any main frequency. 

Therefore, these methods are unable to impedance 

estimation. 

 In the active methods, some distortions are injected 

to grid by signal injection. These methods reduce the 
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grid power quality once energy of the injecting signal is 

high [14]. On the other hand, the accuracy of impedance 

estimation in these methods is high. In addition, the 

active methods can estimate high frequency impedance 

when grid is live and connected to a voltage source. 

 The techniques that use signal injection for grid 

impedance estimation can be categorized to estimation 

in single frequency and frequency range. For impedance 

estimation in frequency 𝑓, we can inject sinusoidal 

pulse with frequency 𝑓 and calculate the devision of 

voltage to current of PCC at frequency 𝑓 [5]. 

 In literature, different researchers used various 

signals such as impulse [15], chirp [13], pseudo-random 

binary sequence, Maximum Length Binary Sequence 

[16], several short term impulse signals [17] and 

sequence of rectangular pulses [18] for a wide 

frequency impedance estimation. One of the simplest 

ways is the injection of several sinusoidal pulses in 

various frequencies and estimating the impedance by 

interpolation. This method needs several signal 

injections and therefore reduces the power quality of 

grid. We can use a wideband injection signal such as 

impulsive signal for impedance estimation in wide 

frequency range. 

 The existing international technical documents and 

standards cover all grid connected electrical and 

electronic systems for the frequency up to 2 kHz based 

on IEC 61000-3-2, IEC 61000-3-12 and IEEE 519 

standards. In addition, there is a CISPR standard for 

frequencies above 150 kHz. Our researches show that 

there is no harmonic compatibility levels for the 

frequency range of 2-150 kHz. This frequency range is 

the most important issue for the International 

Standardization Committee (IEC, TC77A). 

 In 2015, the IEC-TC77A-WG8 proposed a 

compatibility limit in the frequency range 2-30 kHz 

while a compromise for non-intentional emissions in the 

frequency range 30-150 kHz has not been reached [1, 

19-21]. Compatibility levels are defined based on 

harmonics emission and immunity levels of grid 

connected equipment. Thus, knowledge of grid 

impedance characteristics over the frequency range of 2-

150 kHz is very important to estimate the level of 

distortion caused by grid connected equipment. 

 Grid impedance estimation is used for a new 

harmonic emission and immunity, which has been 

discussed at international levels. Major international 

companies have been working to develop some 

documents for power quality control of future grids but 

it is a lack of grid impedance to understand how power 

quality of the grids are affected. Hence, we investigate 

impedance estimation in low voltage grids. 

 AlyanNezhadi et al. [17] tried to increase the 

accuracy of impedance estimation using optimization of 

the injection signals. In this paper, we added a new 

denoising stage for more accurate impedance 

estimation. Therefore, the accuracy of impedance 

estimation with the proposed method (with the same 

injection signals) is higher than the results of the one 

introduced in [17]. 

 

 

2. GRID IMPEDANCE ESTIMATION 
 
As aforementioned, impedance of every point in the 

grid is assumed as ratio of voltage to current signal in 

frequency domain, according to the Ohm's law. 

Therefore, for impedance estimation in frequency 𝑓, the 

voltage or current signal must  have a component at 

frequency 𝑓. Hence, for having an arbitrary component 

frequency, we can inject a voltage or current signal to 

the grid. The block shown in Figure 1 can be used to 

estimate the impedance of PCC. 

 In noisy systems, the accuracy of estimation is 

dependent to energy of injected signal. Therefore, for an 

accurate estimation in frequency 𝑓, the injected signal 

must have sufficient energy in the frequency 𝑓  [2]. One 

of the most important injection signals is rectangular 

pulse. Energy of rectangular injection pulse is 

dependent to two parameters, maximum peak amplitude 

and pulse width. Maximum peak amplitude of the 

rectangular injection pulse is controlled up to 2kV. 

Increasing the pulse width causes increasing the energy 

of injection signal. However, it reduces the bandwidth 

of the pulse and therefore estimation cannot be done 

accurately in the frequencies with low energy. 

 

2. 1. Active and Passive Grid Impedance 
Estimation             Since passive grids do not have any 

power generator, the whole impedance of the passive 

grid seen from PCC can be assumed as an element with 

impedance 𝑍𝑔. 

 For impedance estimation of the passive grid, the 

impedance estimation block must be connected to the 

grid as shown in Figure 2. Based on the Ohm's law, the 

impedance seen from the PCC is equal to: 

𝑍𝑔(𝑓) =
𝑉𝑃𝐶𝐶(𝑓)

𝐼𝑃𝐶𝐶(𝑓)
  (1) 

where 𝑉𝑃𝐶𝐶(𝑓) and 𝐼𝑃𝐶𝐶 (𝑓) are respectively voltage of 

and current through PCC in frequency domain. For 

impedance estimation at the specified frequency 𝑓𝜆, the 

injection signal must contain the same frequency 

component 𝑓𝜆; in the mathematical equation, 𝑉𝑃𝐶𝐶(𝑓𝜆) ≠
0. Accordingly, selection of injection signal is 

important. 

Active grid can be assumed as an element with 

impedance 𝑍𝑔 and an Thevenin voltage source [22]. For 

impedance estimation of the active grid, the impedance 

estimation block must be connected to the grid as shown 

in Figure 2. Based on the Ohm's law, the impedance of 

PCC is equal to: 
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Figure 1. Impedance estimation block 
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impedance Z)
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impedance Z and a Thevenin voltage source)

 
Figure 2. Schematic of impedance estimation for passive and 

active grids 

 

 

𝑍𝑔(𝑓) =
𝑉𝑃𝐶𝐶(𝑓)−𝑉𝑇ℎ𝑒𝑣𝑒𝑛𝑖𝑛(𝑓)

𝐼𝑃𝐶𝐶(𝑓)
  (2) 

where 𝑉𝑃𝐶𝐶(𝑓), 𝐼𝑃𝐶𝐶(𝑓) and 𝑉𝑇ℎ𝑒𝑣𝑒𝑛𝑖𝑛(𝑓) are 

respectively voltage of and current through PCC and 

Thevenin voltage of grid in frequency domain. Since 

measurement of Thevenin voltage of grid is difficult 

[23], the use of this equation is not effective [24]. One 

way to use the above equation is the synchronized 

estimation of Thevenin voltage and impedance of grid. 

We can estimate the grid impedance using below 

equation: 

𝑍𝑔(𝑓) =
𝑉𝑃𝐶𝐶,𝑛1

(𝑓)−𝑉𝑃𝐶𝐶,𝑛2
(𝑓)

𝐼𝑃𝐶𝐶,𝑛1(𝑓)−𝐼𝑃𝐶𝐶,𝑛2(𝑓)
  (3) 

where 𝑉𝑃𝐶𝐶,𝑛𝑖
(𝑓) and 𝐼𝑃𝐶𝐶,𝑛𝑖

(𝑓) are respectively voltage 

of and current through PCC for injections 𝑖 = 1,2 in 

frequency domain. Active grid impedance estimation 

can be done by two separate injections (where 𝑡2 ≅ 𝑡1) 

using the above equation. However, for impedance 

estimation at frequency 𝑓𝜆, 𝑉𝑃𝐶𝐶,𝑛1
(𝑓𝜆) ≠ 𝑉𝑃𝐶𝐶,𝑛2

(𝑓𝜆). 

 The pulse generator in Figure 1 can be replaced by a 

ground connection instead of second injection. 

Therefore, Equation (3) is simplified to: 

𝑍𝑔(𝑓) =
𝑉𝑃𝐶𝐶(𝑓)−𝑉𝑃𝐶𝐶

𝐺𝑁𝐷(𝑓)

𝐼𝑃𝐶𝐶(𝑓)−𝐼𝑃𝐶𝐶
𝐺𝑁𝐷(𝑓)

  (4) 

where 𝐼𝑃𝐶𝐶
𝐺𝑁𝐷(𝑓) and 𝑉𝑃𝐶𝐶

𝐺𝑁𝐷(𝑓) are the depletion current 

and voltage of PCC. Usually the normal grids have one 

main frequency (frequencies of 50 or 60 Hz) and its 

harmonics in the working time; therefore, normal grids 

have passive behavior in most frequencies. 

The main aim of the impedance estimation in low 

voltage grids is to estimate impedance on high 

frequency. Hence, the grid impedance at 50Hz or 60Hz 

is not important but an active grid has a background 

noise in some harmonics. 

 

2. 2. Impedance Estimation with Additive Noise      
The errors in impedance estimation can be categorized 

into measurement error and grid noise. Measurement 

noise can be modeled by additive white Gaussian noise 

[2]. In this section, we investigate effects of additive 

noise (such as measurement error) on the accuracy of 

impedance estimation. Figure 3 shows schematic of 

applying the additive measurement noise in a power 

grid. 

Suppose that measured 𝑣𝑃𝐶𝐶,𝑒(𝑡) and 𝑖𝑃𝐶𝐶,𝑟(𝑡) 

signals have additive noise 𝑒(𝑡) and 𝑟(𝑡), respectively. 

Based on the Ohm’s law, the impedance at PCC is: 

𝑍𝑛(𝑓) =
𝑉𝑃𝐶𝐶,𝑒(𝑓)

𝐼𝑃𝐶𝐶,𝑟(𝑓)
=

𝑉𝑃𝐶𝐶(𝑓)+𝐸(𝑓)

𝐼𝑃𝐶𝐶(𝑓)+𝑅(𝑓)
  

Therefore the APE would be: 

𝐴𝑃𝐸%(𝑓) =
|𝑍(𝑓)−𝑍𝑛(𝑓)|

|𝑍(𝑓)|
× 100  

where 𝐴𝑃𝐸%(𝑓) and 𝑍𝑛(𝑓) are APE and the 

approximated impedance at frequency 𝑓. It is clear that 

estimation is more accurate when 𝐴𝑃𝐸(𝑓) is close to 

zero. When impedance estimation is done using a 

deterministic signal, we can apply the signal to grid 

repeatedly and calculate the average of estimated 

impedance in each injection [12, 16]. It can be assumed 

that the average of noise is zero. Hence, the arithmetic 

and logarithmic averages of impedances can be used to 

increase accuracy of approximation and they can be 

calculated by: 

𝑍(𝑓) =
1

𝑃
∑

𝑉𝑃𝐶𝐶,𝑘(𝑓)

𝐼𝑃𝐶𝐶,𝑘(𝑓)
𝑃
𝑘=1   

𝑍(𝑓) = (∏
𝑉𝑃𝐶𝐶,𝑘(𝑓)

𝐼𝑃𝐶𝐶,𝑘(𝑓)
𝑃
𝑘=1 )

1

𝑃
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Figure 3. Schematic of applying the additive measurement 

noise in a power grid 
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In the above equations, P is the number of injections 

[12]. Theses equations can be used with different 

injection signals but using similar injection signals are 

more efficient. 
 

 

3. NOVEL IMPEDANCE ESTIMATION METHOD 
 
The accuracy of impedance estimation is directly related 

to energy of injected signal. In this section, we proposed 

to denoising the current and voltage signals using 

stationary wavelet denoising (SWD) [25] instead of 

increasing the energy of the injected signal. The 

proposed method consists of four main parts, which are 

described below (see Figure 4). 
 

3. 1. Selecting Proper Signals for Injection     The 

most appropriate signal for injection is impulse (and the 

extended type of it - rectangular pulse) [2, 15]. The 

energy of impulse in frequency domain is uniform. In 

other words, impulse has infinity bandwidth in 

frequency domain. Ideal impulse has one non-zero 

sample in discrete domain. Rectangular pulse has two or 

more non-zero samples in discrete domain and therefore 

it has not infinity bandwidth in frequency domain. As 

previously noted, for impedance estimation in noisy 

systems, the energy of the injected signal must be 

sufficient for an accurate approximation. Energy of 

rectangular injection pulse is dependent to peak 

amplitude and pulse width [2, 17]. Peak amplitude of 

the injection signal is controlled up to 2kV. In addition, 

increasing the pulse width reduces the bandwidth of the 

signal and in the frequencies with low energy (usually 

in high frequencies), estimation is not accurate [2]. A 

rectangular pulse 𝑔(𝑡) with peak amplitude 𝐴 and width 

𝜁 second can be defined as: 

𝑔(𝑡) = {
𝐴 0 ≤ 𝑡 ≤ 𝜁
0 𝑂. 𝑊.

  

Rectangular pulse 𝑔(𝑡) in frequency domain can be 

calculated by the Fourier transform of 𝑔(𝑡). 

𝔉(𝐺(𝑡)) = {
𝐴

𝜔
𝑠𝑖𝑛(𝜁𝜔)} + 𝑗 {

𝐴

𝜔
(𝑐𝑜𝑠(𝜁𝜔) − 1)}  

where 𝔉(. ) is the Fourier transform operator. The 

magnitude spectrum of 𝑔(𝑡) for non-negative 

frequencies is 

|𝔉(𝐺(𝑡))| =
2𝐴

𝜔
|𝑠𝑖𝑛 (

𝜁𝜔

2
)|  

The magnitude spectrum of rectangular pulse has 

periodic and damping behavior. Its spectrum is zero 

(𝐺(𝜔) = 0) in below frequencies: 

{
𝜔 =

2𝑘𝜋

𝜁
, 𝑘 = 0,1,2, …

𝑓 =
𝑘

𝜁
, 𝑘 = 0,1,2, …

  

Selecting Proper Signals for Injection

Injecting the Selected Signals

Denoising the Current and Voltage Signals 
Using SWD

Calculation Ratio of Voltage to Current Signal 
in Frequency Domain

 
Figure 4. The flowchart of the proposed method 

 

 

Since impedance estimation in frequencies with low 

energy is not accurate, the authors in the [17] proposed 

to use several short-term impulsive signals for 

estimating impedance in a wide frequency range. They 

determined several injection signals that at least one of 

the injected signals has sufficient energy in some 

frequencies that union of these ranges be universal set 

of estimation for frequencies 2-150 kHz. The suitable 

signals can be obtained using Genetic algorithm [26, 

27]. The proposed injection signals for impedance 

estimation with measurement noise are given in Figure 

5. In this paper, we used four injection signals that they 

are obtained with the method proposed in our previous 

publication [17]. 

 
3. 2. Injecting the Selected Signals     After signal 

selection, the signals must be injected to the grid 

separately. The current through and voltage of PCC 

must be measured in every injection. The sampling time 

must be sufficient for an accurate impedance estimation. 

 
3. 3. Denoising the Current and Voltage Signals 
Using SWD        When the Signal to Noise Ratio (SNR) 

of current or voltage signal is near to one, the level of 

noise and the signal are equal. Therefore, the accuracy 

of estimation is low. In this paper, we propose to 

employ SWD to improve the SNR instead of increasing 

the energy of injection signal. In this level, every 

current or voltage signals must be denoised. The 

denoising algorithm has four important stages as stated 

below: 

1. Choosing the mother wavelet. Our simulations 

show that the sym4 is a suitable mother wavelet 

for current or voltage signal denoising. 

2. Decomposing signal to N levels. Each signal 

must be decomposed to five levels for denoising 

process. The number of denoising is selected based 

on simulations. 

3. Thresholding. Selecting an appropriate threshold 

and applying the soft thresholding, for each level 

from 1 to N. 

4. Reconstructing the signal. 
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Figure 5. The suggested injection signals in [17] 

 

Quality of denoising dependents on denoising 

parameters (number of wavelet decomposition levels, 

wavelet function and thresholding rule ). Hence, the 

proposed denoising process can be improved via  

optimizing these parameters. In this paper, these 

parameters are set experimentally. For automatic 

parameter regularization, we must have a dataset with 

many noisy and noiseless current/voltage signals. Then, 

an evolutionary algorithm such as Genetic algorithm 

can be used for this purpose. 

 

3. 4. Calculation Ratio of Voltage to Current 
Signal in Frequency Domain        As aforementioned, 

the ratio of voltage signal to current signal in frequency 

domain is assumed as impedance. For impedance 

estimation at each frequency, the injection signal must 

contain the same frequency components. The best 

estimation of impedance for specific frequency 𝜔 is 

done using the injection signal with higher frequency 

component in this frequency. Therefore, the impedance 

can be calculated with below equation: 

𝑍𝑔(𝑓) =
𝑑𝑒𝑛𝑜𝑖𝑠𝑒𝑑(𝑉𝑃𝐶𝐶

(𝑘) (𝑓)−𝑉𝑃𝐶𝐶
𝐺𝑁𝐷(𝑓))

𝑑𝑒𝑛𝑜𝑖𝑠𝑒𝑑(𝐼𝑃𝐶𝐶
(𝑘)

(𝑓)−𝐼𝑃𝐶𝐶
𝐺𝑁𝐷(𝑓))

  

𝑘 = 𝑎𝑟𝑔 𝑚𝑎𝑥
1≤𝑔≤𝒦

(𝑑𝑒𝑛𝑜𝑖𝑠𝑒𝑑 (𝑉𝑃𝐶𝐶
(𝑘)(𝑓) − 𝑉𝑃𝐶𝐶

𝐺𝑁𝐷(𝑓)))  

where 𝑉𝑃𝐶𝐶
(𝑘)(𝑓) and 𝐼𝑃𝐶𝐶

(𝑘) (𝑓) are measured voltage of and 

measured current through PCC for k th injection, 

respectively. 𝑘 is selected for each frequency based on 

Equation (14). 

 
 

4. SIMULATION RESULTS 
 
In this section, many simulations are done on the grid 

shown in Figure 6. The parameters of the grid in each 

simulation are different. The proposed method was 

tested on the grid in different conditions: Case I) grid 

with low, partial, and full load. Case II) grid with 

different feeders (underground or overhead cables). 

Case III) grid impedance estimation from different 

PCCs. Case IV) grid impedance in day time and night 

time. In the whole simulations, an additive white 

Gaussian noise with 𝑆𝑁𝑅 = 30𝑑𝐵 is assumed as the 

measurement noise. Each simulation is compared with 

the methods introduced in literature [17, 28]. 

AlyanNezhadi et al. [17] used four rectangular injection 

signals with pulse widths= {7, 11, 14 𝑎𝑛𝑑 26 𝜇𝑠} for 

impedance estimation. We used a single rectangular 

pulse, with 26𝜇𝑠 pulse width for impedance estimation 

as reported in literature [28]. The parameters of the 

proposed method are summarized in Table 1. 

The simulations are done in a computer with 

Intel(R) Core (TM) i7-6500U, 2.5 GHz and 8 GB RAM 

with 64 bit Windows 10 operating system. The 

simulations are done in Matlab/Simulink 2017b 

Software. In addition, the proposed method was written 

using Matlab 2017b. 

The impedance estimation results are compared 

using Mean Absolutely Percentage Error (MAPE) [17] 

and SNR metrics. The reference (actual) impedance is 

calculated using Matlab/Simulink software. The 

Simulink software uses the grid model and its 

parameters (such as the value of each capacitor) and the 

ideal mathematic formulas. 
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Building 12

Building 11

Building 10

Building 9
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P
o

w
er g

rid
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o
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g
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Figure 6. Schematic of an active grid with three solar systems 

for simulations 
 

 
TABLE 1. Parameters of the proposed method for the 

simulations 

 Element Values 

Injection Pulse 

Type Rectangular pulse 

Number of pulse 4 

Width 7, 11, 14 𝑎𝑛𝑑 26 𝜇𝑠 

Denoising process 

Amplitude 1 kV 

Mother wavelet Sym4 

Decomposition Levels 5 

Thresholding rule Soft 
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4. 1. Grid Impedance Estimation with Different 
Loads          In this subsection, the impedance of the grid 

is estimated on three different states (no load, partial 

and full loads). The parameters of each parallel RLC 

grid are given in Table 2. The other parameters are the 

same of those in Table 3. The results are given in Table 

4 and Table 5. The obtained results (that are given in 

Figure 7) show the ability of the proposed method in 

accurate impedance estimation. 

 
 

TABLE 2. Parameters of schematic grid  

Element Values 

Each parallel RLC 50Ω, 100𝜇𝐻, 1𝜇𝐹  

Each feeder 25𝑚Ω, 30𝜇𝐻, 30𝜇𝐻, 25𝑚Ω  

Power grid voltage 220𝑣, 50𝐻𝑧, 𝑝ℎ𝑎𝑠𝑒 0′  

Each solar system 
𝑠𝑦𝑠𝑡𝑒𝑚 𝑣𝑜𝑙𝑡𝑎𝑔𝑒: 220𝑣, 50𝐻𝑧, 𝑝ℎ𝑎𝑠𝑒 0′  

𝐿𝐶𝐿 𝑓𝑖𝑙𝑡𝑒𝑟: 70𝜇𝐻, 10𝜇𝐹, 200𝜇𝐻  
 

 

 
TABLE 3. Simulated grid parameters  

 Each parallel RLC 

No load 𝑂𝑝𝑒𝑛 𝐶𝑖𝑟𝑐𝑢𝑖𝑡, 100𝜇𝐻, 1𝜇𝐹  

Partial load 100Ω, 100𝜇𝐻, 1𝜇𝐹  

Full load 50Ω, 100𝜇𝐻, 1𝜇𝐹  

 

 
TABLE 4. SNR of impedance estimation for the grid with 

different loads  

 
Proposed 

method 

Proposed method 

in [17] 

Proposed method 

in [28] 

No load 7.2265 7.1846 6.1832 

Partial load 16.985 16.700 11.825 

Full load 17.129 16.847 11.647 

 

 
TABLE 5. MAPE of impedance estimation for the grid with 

different loads  

 
Proposed 

method 

Proposed method 

in [17] 

Proposed method 

in [28] 

No load 2.4041 2.6865 6.1832 

Partial load 2.0372 2.3166 11.825 

Full load 2.0186 2.2932 11.647 

 

 

4. 2. Grid Impedance Estimation with Different 
Feeders         In this subsection, the grid impedance is 

estimated with different feeders. Overhead and 

underground feeders [29] can be modeled by an RL or 

LCL model with resistances. In the underground cables, 

a capacitive element appears because conductors are 

located close to each other in the underground. 

However, nowadays, a dielectric material is located 

between the conductors [30]. The simulated grid model 

shown in Figure 6 is used for impedance estimation 

with two different feeders. The parameters of feeder are 

given in Table 6. Simulation results show that the 

proposed method is able to estimate the impedance with 

overhead and underground feeder cables. The 

simulation results are given in Tables 7 and 8. The 

estimated impedances are shown in Figure 8. 
 
 

 
a) Estimated impedance with full load 

 

 
b) Estimated impedance with partial load 

 

 
c) Estimated impedance with no load 

 

Figure 7. Impedance estimation of grid with full, partial and 

no loads 

 

 
TABLE 6. Simulated parameters of the feeders  

 Parameters 

Underground Feeder Cable 25 𝑚Ω, 75 μH, 500 nF, 75 μH, 25 𝑚Ω 

Overhead Feeder Cable 50 𝑚Ω, 150 μH 
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TABLE 7. SNR of impedance estimation for the grid with 

different feeders 

 
Proposed 

method 

Proposed 

method in [17] 

Proposed 

method in [28] 

Underground Feeder Cable 16.962 16.706 12.457 

Overhead Feeder Cable 16.434 16.194 12.615 

 

 

TABLE 8. MAPE of impedance estimation for the grid with 

different feeders 

 
Proposed 

method 

Proposed 

method in 

[17] 

Proposed 

method in 

[28] 

Underground Feeder Cable 2.0318 2.3016 12.457 

Overhead Feeder Cable 2.0723 2.3528 12.615 

 
 

 
a) Estimated impedance with overhead feeders 

 

 
b) Estimated impedance with underground feeders 

 

Figure 8. Impedance estimation of grid with different feeders 

 
 
4. 3. Grid Impedance Estimation from Different 
PCCs        The proposed method is able to estimate the 

impedance from different PCCs. Simulations of this 

subsection are done in an active grid with three solar 

systems that is shown in Figure 6 and its parameters is 

given in Table 2. The results are summarized in Table 9 

and Table 10. 

 
4. 4. Grid Impedance Estimation in Night and Day 
Times        The grid impedance may vary during day 

and night due to grid side filters (mainly capacitors) of 

electrical and electronic equipment and appliances such 

as efficient lighting systems and battery chargers. Thus, 

two different load parameters have been considered in 

this subsection to evaluative the accuracy of the 

proposed method. The simulations are down on the 

same grid shown in Figure 6. The parameters of each 

parallel RLC grid are given in Table 11. The rest of 

parameters are the same as those in Table 2. The 

simulation results are given in Table 12 and Table 13. In 

addition, the estimated impedances in night and day 

times are given in Figure 9. 

 

 
TABLE 9. SNR of impedance estimation from different PCCs  

 
Proposed 

method 

Proposed method 

in [17] 

Proposed method 

in [28] 

PCC1 16.706 16.44 11.144 

PCC2 16.768 16.521 11.461 

PCC3 16.742 16.454 10.981 

 
 

TABLE 10. MAPE of impedance estimation from different 

PCCs  

 
Proposed 

method 

Proposed method 

in [17] 

Proposed method 

in [28] 

PCC1 2.0667 2.4144 11.144 

PCC2 2.0465 2.3379 11.461 

PCC3 2.0621 2.4409 10.981 

 
 

TABLE 11. Parameters of grid impedance estimation in night 

and day times 

 Each parallel RLC 

Daytime 25 Ω, 100 𝜇𝐻, 1𝜇𝐹 

Nighttime 25 Ω, 100 𝜇𝐻, 10𝜇𝐹 

 

 

TABLE 12. SNR of impedance estimation in night and day 

times 

 
Proposed 

method 

Proposed 

method in [17] 

Proposed method 

in [28] 

Daytime 17.323 17.002 11.881 

Nighttime 15.666 15.371 11.099 

 

 

TABLE 13. MAPE of impedance estimation in night and day 

times 

 

 

Proposed 

method 

Proposed method 

in [17] 

Proposed method 

in [28] 

Daytime 1.9637 2.2401 11.881 

Nighttime 4.5797 5.3217 11.099 
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a) Estimated impedance in daytime 

 

 
b) Estimated impedance in nighttime 

 

Figure 9. Impedance estimation of grid in night and day times 

 
 
5. CONCLUSIONS 

 
In this paper, a novel grid impedance estimation based 

on signal processing for frequency range 2-150 kHz is 

proposed. The focus of this paper is the techniques 

based on signal injection. Impedance estimation using 

signal injection follows the Ohm’s law. Accuracy of 

impedance estimation in noiseless condition is 

independent to energy of injection signal. On the other 

hand, in noisy systems, the accuracy of impedance 

estimation is directly related to energy of injection 

signal. There are various types of injection signals. One 

of the main injection signals is rectangular shape pulse. 

The energy of rectangular pulse is dependent to peak 

amplitude and pulse width of signal. The peak 

amplitude is controlled up to 2 𝑘𝑉. In addition, 

increasing the pulse width leads to decreasing the 

bandwidth of signal. In this paper, we proposed to use 

the stationary wavelet de-noising instead of increasing 

the energy of injected signal. In addition, for wide 

impedance estimation we used several injection signals 

in which at least one of the injected signals has 

sufficient energy in some frequencies and union of these 

ranges be universal set of estimation. These two 

modifications cause the more accurate estimation than 

the previous techniques with the same injection signal. 

The simulation results show the ability of the proposed 

method in accurate impedance estimation. 
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 چکیده

 

های قدرت متصل به انرژی تجدیدپذیر و آنالیز کیفیت های قدرت در کاربردهای زیادی مانند شبکهتخمین امپدانس شبکه

کنند. های تخمین امپدانس مبتنی بر تزریق سیگنال از قانون اهم پیروی میشود. روشهای هوشمند استفاده میتوان شبکه

های ولتاژ و جریان شود. سپس سیگنال( تزریق میPCCترک )ها، یک یا چند سیگنال به نقطه اتصال مشاین روشدر 

 ان در حوزه فرکانس درد. در نهایت، امپدانس به صورت نسبت سیگنال ولتاژ به جریگردگیری میاندازه PCCعبوری از 

. در هر ی تقریب درست امپدانس باید کافی باشدریقی براهای نویزی، انرژی سیگنال تزدر سیستم شود.نظر گرفته می

شود. در تخمین های قدرت باعث محدودیت در انرژی سیگنال تزریقی میصورت، مسائل کیفیت توان و قوانین شبکه

( کیفیت توان شبکه، 1های مبتنی بر تزریق سیگنال سه مسئله اصلی وجود دارد. های قدرت به کمک روشامپدانس شبکه

 بدیل موجک ایستا( دقت تخمین امپدانس. در این مقاله از حذف نویز به کمک ت3محدوده تخمین امپدانس و در نهایت  (2

ه بکه بر پایشدانس به جای افزایش انرژی سیگنال تزریقی استفاده شده است. در این مقاله یک روش جدید برای تخمین امپ

ک بازه یمپدانس در اارائه شده است. روش ارائه شده توانایی تخمین ها تزریق چند سیگنال مناسب و حذف نویز سیگنال

 ها به منظور ارزیابی روشسازیانجام، از نتایج شبیهروی کیفیت توان شبکه را دارد. سروسیع فرکانسی بدون تاثیر بر 

 پیشنهادی استفاده شده است.
doi: 10.5829/ije.2018.31.10a.08 
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