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Abstract—When the control parameters and operating conditions 

remain unchanged, it is usually believed that the admittance charac-

teristic of grid-connected inverter is time-invariant. However, consid-

ering the effect of frequency-coupling, an abnormal phenomenon is 

observed in the admittance measurement of the grid-connected invert-

er: the phase of the off-diagonal elements Y12 and Y21 in the admittance 

matrix is always changed with time, which presents a time-varying 

admittance characteristic. To explore this phenomenon, the theoretical 

analyses based on the traditional frequency-coupling admittance 

measurement method are made. Because the initial phase of the signal 

cannot be obtained from FFT in experiments and the disturbance fre-

quency and coupling frequency are different, the phase difference 

between the two frequency components changes with time. However, 

the influence is not considered in the traditional frequency-coupling 

admittance measurement method, which makes the measurement re-

sults exhibit the confusing time-varying characteristic. The phenome-

non is defined as pseudo-time-varying admittance characteristic in this 

letter. To accurately measure the admittance characteristic of the 

grid-connected inverter, a frequency-coupling admittance measure-

ment method based on phase correction is proposed, which corrects 

the phase of disturbance frequency components and coupling frequen-

cy components. Finally, the effectiveness of the proposed measurement 

method is verified by experiments. 

Index Terms—Frequency-coupling; grid-connected inverter; pseu-

do-time-varying admittance characteristic; phase correction. 

I.  INTRODUCTION 

With the increasing penetration of renewable energy, the inter-

action between grid-connected inverters and the weak grid becomes 

more and more intense, which easily causes the system oscillation. 

Impedance-based method is an effective method to analyze this 

issue. The impedance (admittance) measurement of the grid-

connected inverter is an indispensable part of impedance-based 

method, which has attracted a lot of attention in recent years. 

In terms of sequence impedance measurement method, a se-

quence impedance measurement method for railway traction power 

system with controlled-frequency-band is reported in [1]. To avoid 

the influence of background harmonics and the frequency deviation, 

an improved measurement method for the grid-connected inverter 

system is investigated [2]. However, the effect of frequency-

coupling in the grid-connected inverter is not considered in the 

above two methods. If the frequency-coupling is directly ignored in 

the sequence impedance model, the accuracy of stability analysis 

will be affected [3]. 

In order to study the frequency-coupling characteristic of the 

grid-connected inverter, the admittance of doubly fed induction 

generator was measured in simulation (Matlab/Simulink) [4]. Fur-

ther, the frequency-coupling admittance model of grid-connected 

photovoltaic inverter was verified in simulation [5]. However, it is 

a pity that the above frequency-coupling characteristic measure-

ments of the grid-connected inverter were not carried in experiment. 

In this letter, considering the effect of frequency-coupling, an 

abnormal phenomenon is observed in the admittance measurement 

of the grid-connected inverter: phases of the off-diagonal elements 

Y12 and Y21 in the admittance matrix are changed with time, which 

presents a time-varying admittance characteristic. The existing fre-

quency-coupling admittance measurement methods of the grid-

connected inverter have not reported this abnormal phenomenon 

[4]-[6]. This letter focuses on this phenomenon, explores its root 

causes, and puts forward a frequency-coupling admittance meas-

urement method based on phase correction to avoid it. Simulation 

and experiment verify the correctness of the analysis and the pro-

posed measurement method. 

II.  THE PHENOMENON OF PSEUDO-TIME-VARYING ADMITTANCE 

CHARACTERISTIC 

A.  The traditional frequency-coupling admittance measurement 

method 

The measured grid-connected inverter is shown in Fig. 1 and its 

frequency-coupling admittance model is defined as (1). When the 

admittance characteristic is to be measured, the small-disturbance 

voltage vdis at the designed frequency should be injected into the 

point of common coupling. The admittance at fp can be calculated 

with the extracted voltage responses and current responses at the 

disturbance frequency fp and coupling frequency fp1 = fp−2f1 in va, 

vb, vc, ia, ib, and ic. 
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Fig. 1  Topology and control scheme of the measured grid-connected inverter. 
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where Ip and Ip1 presents the response currents at fp and fp1, Vp and 

Vp1 presents the response voltages at fp and fp1, respectively. 
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There are two equations with four variables in (1). Thus, it is 

necessary to inject two linear independent small-disturbance volt-

ages into the measured system to calculate the four variables: 
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where the superscript “ ' ” and “ '' ” represent the response of the 

measured system after the first injection and the second injection. 

According to (2), the key steps of the traditional frequency-

coupling admittance measurement method are shown in Fig. 2. 
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Fig. 2  The traditional frequency-coupling admittance measurement method. 

B.  Pseudo-time-varying admittance characteristic in experiments 

The experimental measurement results with the traditional 

measurement method are shown in Fig. 3. The phase measurement 

results of Y12 and Y21 are in disorder. In addition, the phase meas-

urement results of Y12 and Y21 is different every time, which makes 

Y12 and Y21 appear to be time-varying. 
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Fig. 3  Experimental results of admittance measurement. 

C.  Pseudo-time-varying admittance characteristic in simulations 

The traditional admittance measurement method is also used in 

Matlab/Simulink simulation. Different from the experiment, in a 

broadband admittance measurement simulation, the sampling can 

start from the same simulation time t0 at each measured frequency. 

Fig. 4 shows the several simulation results of admittance 

measurement of the grid-connected inverter under different t0. 

When t0 is changed from 1.000s to 1.004s, the measurement results 

gradually deviate from the theoretical model; when t0 is changed 

from 1.006s to 1.010s, the measurement results gradually approach 

the theoretical model until they are consistent with the theoretical 

model again. The phase characteristics of Y12 and Y21 change with t0. 
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Fig. 4  Simulation results of admittance measurement under different t0. 

In a broadband admittance measurement experiment, the sam-

pling start time t0 is random at each measured frequency. It can be 

speculated that the disordered phase measurement results of Y12 and 

Y21 in Fig. 3 are caused by the difference of t0. 

The admittance measurement results of the grid-connected in-

verter will appear to have time-varying characteristic no matter in 

experiment or simulation. However, this characteristic is not con-

sistent with the theoretical model. Thus, this abnormal phenomenon 

is defined as pseudo time-varying admittance characteristic. 

III.  THE ROOT CAUSES OF PSEUDO-TIME-VARYING ADMITTANCE 

CHARACTERISTIC 

When the admittance of the grid-connected inverter at fp is 

measured, the positive-sequence small-disturbance voltage at fp and 

the negative-sequence small-disturbance voltage at fp1 are injected 

into the system respectively to obtain the responses in (2). The time 

domain expressions of va and ia after the first injection at fp and the 

second injection at fp1 are respectively shown as (3)-(4) with the 

sampling start time t'
0 and (5)-(6) with the sampling start time t''

0. 

( ) ( ) ( )' ' ' ' ' ' ' '
a 1 1 0 p p 0 vp p1 p1 0 vp1cos 2 cos 2 cos 2v V f t V f t V f t    = + + + +

 

(3) 

( ) ( ) ( )' ' ' ' ' ' ' '
a 1 1 0 i1 p p 0 ip p1 p1 0 ip1cos 2 cos 2 cos 2i I f t I f t I f t     = + + + + +

 

(4) 

( ) ( ) ( )'' '' '' '' '' '' '' ''
a 1 1 0 p p 0 vp p1 p1 0 vp1cos 2 cos 2 cos 2v V f t V f t V f t    = + + + +

 

(5) 

( ) ( ) ( )'' '' '' '' '' '' '' ''
a 1 1 0 i1 p p 0 ip p1 p1 0 ip1cos 2 cos 2 cos 2i I f t I f t I f t     = + + + + +

 

(6) 

where φvp and φvp1 are the initial phases of voltage components at fp 

and fp1, and φi1, φip and φip1 are the initial phases of current compo-

nents at fundamental frequency f1, fp and fp1, respectively. 

The phase obtained from FFT is the phase of cosine signal at the 

beginning of sampling. Therefore, the phase changes all the time 

with the different t0 (t'
0 or t''

0), as shown in Fig. 5. 

0 t/st0

Initial phase: φv

The s ignal  analyzed by FFT

v/V Phase: 2πft0+φv

Signal: v = Vcos(2πft+φv)  
Fig. 5  Schematic diagram of the phase obtained from FFT. 

According to the time domain expressions of phase voltage and 

current in (3)-(6), (2) can be written as (7). After further simplify-

ing, (8) can be obtained. The red parts marked in (8) are the time-

varying phases related to the sampling start time t'
0 and t''

0. The 

admittance phases are changing with the sampling start time. The 

admittance phase will exhibit the confusing time-varying character-

istic, when the frequency-coupling admittance measurement of the 

grid-connected inverter is carried out based on FFT.
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Considering the relationship between voltage and current in the 

grid-connected inverter system, the response voltage at the cou-

pling frequency (Vp1
' and Vp

'') generates from the response current 

at the coupling frequency (Ip1
' and Ip

'') and the grid impedance. Due 

to the grid impedance is relatively small to the measured grid-

connected inverter, the amplitude of the response voltage at the 

coupling frequency (Vp1
' and Vp

'') is much smaller than that of the 

response voltage at the disturbance frequency (Vp
' and Vp1

''). 

What’s more, as for the measured grid-connected inverter in this 

letter, the response current at the disturbance frequency is equal to 

or greater than the response current at the coupling frequency. 

Therefore, (8) can be simplified as (9) in this condition. (9) shows 

that the phase of Y12 is mainly influenced with t''
0 and the phase of 

Y21 is mainly influenced with t'
0 while the phases of Y11 and Y22 are 

less affected by the sampling start time, which can be ignored. 

When the fundamental frequency of the grid voltage f1 = 50 Hz, 

phases of Y12 and Y21 change gradually with a period of 0.01s. It is 

consistent with Fig. 3 and Fig. 4. 
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(9) 

From the above analysis, the root causes of this abnormal phe-

nomenon can be concluded as: 1) the phase obtained from FFT is 

the phase of cosine signal at t0, rather than the initial phase of the 

signal; 2) because of the frequency-coupling, the frequencies in the 

numerator and denominator of Y12 and Y21 are different, which 

makes t0 has impact on the phase of Y12 and Y21. 

IV.  THE FREQUENCY-COUPLING ADMITTANCE MEASUREMENT 

METHOD BASED ON PHASE CORRECTION 

In the process of admittance theoretical modeling for the grid-

connected inverter, the amplitude, frequency, and initial phase of 

signal are directly used for derivation. Therefore, the theoretical 

model is only affected by the initial phase of signal, and is inde-

pendent on the phase determined by the sampling start time. For the 

grid-connected inverters with other different control strategies, the 

relationship between voltage and current under disturbance fre-

quency and coupling frequency may be different from that of the 

measured grid-connected inverter in this letter, and (9) may not be 

obtained. Therefore, in order to accurately measure the frequency-

coupling admittance of the grid-connected inverter, the initial phase 

of phase voltage and current should be obtained, or the influence of 

the time-varying part in Y11, Y12, Y21, and Y22 as shown in (8) need 

to be eliminated. 

Because the initial phase is the phase of the signal at t = 0s, the 

initial phase cannot be obtained through FFT in experiments. How-

ever, when phases of time-varying parts of Y11, Y12, Y21, and Y22 are 

2kπ (k ϵ Z, Z is an integer set), the time-varying part has no effect 

on the phase measurement results of Y11, Y12, Y21, and Y22. There-

fore, in order to eliminate the influence of time-varying parts in 

phases of Y11, Y12, Y21, and Y22, the time-varying parts should satisfy 

the following conditions 

 

' ''
1 0 1 1 1 0 2 24 =2 ,  Z;   4 =2 ,  Zf t k k f t k k   −  − 

 

(10) 

Considering that t'
0 ≥ 0s, t''

0 ≥ 0s, (10) can be solved as 

 

( )

( )

'
0 1 1 1 1 1

''
0 2 1 1 2 2

= 2 = 2,    N

= 2 = 2,   N

t k f T k k

t k f T k k

  


   

(11) 

where N is the set of natural numbers; T1 = 1/f1. 

According to (11), if t'
0 and t''

0 is the time of peak or trough of 

the fundamental voltage, the time-varying parts of Y11, Y12, Y21, and 

Y22 in (8) will not affect the admittance measurement results. Thus, 

the admittance of the grid-connected inverter considering the effect 

of frequency-coupling can be accurately measured. 

Due to the influence of harmonics and other frequency compo-

nents, the voltage waveform of the grid is easily distorted, and it is 

difficult to accurately start sampling from the peak or trough of the 

fundamental voltage. In this letter, a frequency-coupling admittance 

measurement method based on phase correction is proposed. No 

matter what t'
0 and t''

0 is, the phases of voltage and current compo-

nents whose frequencies are fp or fp1 can be corrected by the phase 

of fundamental voltage. This method has the same effect as t0 se-

lected at the peak of fundamental voltage. 

Taking disturbance voltage vp as an example, the principle of 

phase correction in the proposed measurement method is shown in 

Fig. 6. The phase of the fundamental voltage (v1 in Fig. 6) at the 

peak is zero. Therefore, the phase at t = k/f1 is selected as the refer-

ence phase. After the small-disturbance voltage is injected and the 
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system returns stable, the signal with the time length Tff is sampled 

from t0. Based on the sampled signal, the phase of fundamental 

voltage φv1_m and the phase of disturbance voltage φvp_m can be 

obtained from FFT. Subtracting the phase of vp changed in time tcor 

from φvp_m, the phase of vp at t0 can be corrected to t = k/f1. After 

correction, the phase of vp at t = k/f1 is φvp_c. 

t=k/f10

v1/V

t0

Tff t =1stcor

φv1_m

φ = 0 rad

t/s

The s ignal  analyzed by FFT

0 t/st0

Tff t =1stcor

φvp_m

vp/V

φvp_c=φvp_m φv1_mfp/f1

The s ignal  analyzed by FFT

 
Fig. 6  The principle of phase correction in the proposed measurement method. 

 

( )
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vp_c vp_m cor p vp_m v1_m p 1

2 1

= 1 2 =

t f

t f f f

 

    

 = 



−  −   

(12) 

Similarly, corrected phase φvp1_c, φip1_c and φip_c of vp1, ip1 and ip 

can be obtained as 

 

( )

( )

( )

vp1_c vp1_m v1_m p1 1

ip1_c ip1_m v1_m p1 1

ip_c ip_m v1_m p 1

=

=

=

f f

f f

f f

  

  

  

 − 



− 


− 


 

(13) 

where φvp1_m, φip1_m, and φip_m is the phase of vp1, ip1 and ip at t0. 

Compared with the traditional measurement method, the pro-

posed measurement method needs to make a phase correction be-

fore extracting the components at fp and fp1 in va and ia. Therefore, 

the specific steps of the proposed frequency-coupling admittance 

measurement method based on phase correction are concluded as 

follows. 

1) After the small-disturbance voltage for the first time is inject-

ed and the system returns stable, the signal with the time length Tff 

is sampled from t'
0. Vp

' ∠ (φ'
vp_m), Vp1

' ∠ (φ'
vp1_m), Ip

' ∠ (φ'
ip_m),  

Ip1
'∠(φ'

ip1_m) and V1∠(φ'
v1_m) can be obtained from FFT. 

2) The phases of the disturbance component and the coupling 

component are corrected according to (12)-(13). Vp
'∠(φ'

vp_c), Vp1
'∠

(φ'
vp1_c), Ip

'∠(φ'
ip_c) and Ip1

'∠(φ'
ip1_c) are obtained. 

3) After the small-disturbance voltage for the second time is in-

jected and the system returns stable, repeat the first step to the sec-

ond step. Vp
''∠(φ''

vp_c), Vp1
''∠(φ''

vp1_c), Ip
''∠(φ''

ip_c), Ip1
''∠(φ''

ip1_c) and 

V1∠(φ''
v1_m) are obtained. The frequency-coupling admittance of 

the grid-connected inverter at fp can be calculated from (2). 

4) Repeat the first step to the third step until the frequency-

coupling admittance of the grid-connected inverter at all design 

frequencies are measured. 

V.  EXPERIMENTAL VERIFICATION 

To verify the correctness of the theoretical analysis and the pro-

posed frequency-coupling admittance measurement method, the 

admittance measurement of the grid-connected inverter considering 

the effect of frequency-coupling is carried out on the admittance 

measurement experimental platform in Fig. 7 with the proposed 

measurement method. The photovoltaic array simulator can work 

as the photovoltaic and is able to operate in constant current mode. 

Additionally, the Hanning window, the interpolation method, and 

the small-disturbance injection method with shifting frequency are 

adopted in the admittance measurement to mitigate the influence of 

the grid frequency deviation and background harmonics. The se-

lected theoretical model has considered the influence of frequency-

coupling, the DC-side control, DC-side capacitor, the phase-locked 

loop, the AC-side control and the control delay to describe the 

measured grid-connected inverter more accurately. The experi-

mental parameters are consistent with the simulation.  

The grid 

simulator

Photovoltaic 

array simulator

The grid-connected 

inverter

Programmable 

AC power supply

Passive load

380V/100kVA broadband admittance 

measurement equipment

 
Fig. 7  The admittance measurement experimental platform. 

The experimental measurement results are shown in Fig. 8, 

which are consistent with the previous theoretical model. Com-

pared with Fig. 3, the experimental measurement results in Fig. 8 

verify the effectiveness of the proposed frequency-coupling admit-

tance measurement method based on phase correction. 
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Fig. 8  The measurement results with the proposed measurement method. 

VI.  CONCLUSIONS 

In this letter, the pseudo-time-varying admittance characteristic 

of the grid-connected inverter are reported. The root causes for this 

abnormal phenomenon are that the initial phase of the signal cannot 

be obtained from FFT in experiments and the frequencies in the 

numerator and denominator terms of Y12 and Y21 are different. To 

avoid this abnormal phenomenon, a frequency-coupling admittance 

measurement method based on phase correction is proposed, which 

can accurately measure the frequency-coupling admittance. 
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