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I. INTRODUCTION 

 Transformer less grid connected inverters are 

widely used because of their high efficiency, small 

size and mass. However, the dc current offset 

generated at the inverter output causes negative 

problems like the dc magnetization in the grid 

transformer [1]-[3]. The dc current injected by the 

transformerless PV inverter increases the no-load dc 

component current of the distribution transformers, 

saturates the transformers, and severely distorts the 

output voltage waveform [15, 22]. 

Several methods have been proposed to eliminate the 

dc current offset. These methods mainly divided into 

hardware and software methods. 

The hardware methods include the capacitor-based 

method, the current transformer-based method, the 

DC current detection method, the converter output 

voltage detection circuit method and the new 

converter type selection. Capacitor elimination is a 

method to remove the dc component from the AC 

current by connecting a large capacitor in series to 

the output stage [4]. However, this method requires 

the use of a large capacitor, which results in a large 
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volume, high cost and additional losses. Current 

transformer methods are the method that eliminate 

DC current offset by adding an additional current 

transformer to the output [5, 21]. These methods 

require additional circuits and increase the volume 

and cost due to the need to install additional circuits 

that can flow with large currents in case of increased 

converter power. To reduce the size and increase the 

measurement accuracy, a method using the 

additional winding and customized current sensor 

has been proposed, but additional windings should 

be included to form a circuit and measures should be 

taken to prevent saturation and phase difference of 

the current transformer [23]. The DC current 

detection method should use a high-accuracy sensor 

and is highly dependent on the characteristics of the 

Hall current sensor. To improve the performance, an 

automatic calibration method is proposed. However, 

the calibration process requires double the sampling 

rate and the method is only effective for limited 

topologies and dc sources [6, 20]. The method with 

the converter output voltage detection circuit should 

use an additional voltage sensing circuit [7]-[9]. 

These methods are based on voltage feedback. 

However, these methods should use a high-accuracy 

voltage sensor [16]-[18]. There is also a way to 

choose a new converter type, where additional 

switching elements should be added [10].  

The software methods include the observer-based 

method, the virtual capacitor-based method and the 

intelligent control method. A method using an 

observer to calculate the current offset has been 

proposed, but this method is only applicable to 

single-phase grid-connected converters [11]. There 

are also methods using virtual capacitors, where the 

dynamic response of the closed-loop system is 

affected by the virtual capacitors [12, 13]. Intelligent 

control method is proposed in [19], this method 

depends on the accuracy of the current measurement.  

The sensed current signal has a current offset in each 

phase, making it difficult to discern which phase has 

a current offset. To accurately identify the current 

offset, the grid current must be calculated accurately. 

In addition, the three-phase grid current flows in 

relation to other phases, so that the current offset 

generated in one phase correlates with other phases, 

causing current offset in the phases. On the other 

hand, current offset cannot be compensated by 

directly removing the current bias from the current 

measurement. 

Hence, we propose a method to calculate the grid 

current based on the output voltage of the converter, 

grid voltage and filter parameters, and a method to 

calculate the current offset using the measured grid 

current. In addition, a method to compensate the 

current bias in the rotating reference frame is 

proposed. In this paper, the method to compensate 

the current offset based on the current observer 

without additional circuit or structural modifications 

to eliminate the current offset is proposed.  

This paper is organized as follows: In Section 1, the 

current offset reduction method for grid-connected 

converter is introduced. In Section 2, we describe the 

background in which the paper is presented. In 

Section 3, the proposed current offset compensation 

method is described. In Section 4, the characteristic 

analysis of the proposed current offset compensation 

method is presented. 

II. Background  

 Fig. 1 shows the original scheme diagram of 

the grid-connected inverter. The inverter connected 

to the DC bus of dcu  generates the voltage iinvu _  at 

the output. The voltage is applied to the grid of igu _  

through a filter, where ri and Li are the internal 

resistance and the inductance of the filter, 

respectively. The subscript i is a, b, c. 
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Fig. 1. Original scheme diagram of three-phase grid-connected inverter. 

 

In the grid-connected inverter, the phase of the grid 

voltage is measured by a phase locked loop (PLL). 

Then the dq components of the grid voltage and 

inverter output current are obtained by Clarke and 

Park transformation. 

The active and reactive powers are regulated through 

the output current of the inverter. The reference 

output current of the current controller is then set by 

the droop controller or the virtual synchronous 

generator. As the current controllers, the 

proportional resonant (PR) controller in the 

stationary reference frame and the proportional 

integrator (PI) controllers in the rotating reference 

frame can be used [14]. The PR controller has good 

control performance, but the current tracking 

performance is poor in the frequency-varying system, 

whereas the PI controllers are stable regardless of the 

frequency variation. However, in a rotating reference 

frame, the DC offset current occurring during current 

detection also impacts on the dq components of the 

output current, resulting in asymmetry of the three-

phase current and the DC current injection. 

The current detection error includes the errors by the 

sensor, the sensor circuit and the analog-to-digital 

converter [8]. 

If the current of one phase is offset, the dq output 

currents oscillate as the supply frequency. The output 

currents are expressed in the rotating reference frame 

as follows: 
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If the phase A current is expressed by offa ItIi  sin , then  dq output currents can be rewritten by Eq. 1. 
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The d-axis and q-axis output currents become constant by current controller with the reference dq values with 

given value of current and 0, respectively. However, with space vector modulation, the zero-axis current remains 

unchanged and appears at the measured output current. Hence, the measured output current is obtained as Eq. 3 
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As shown in Eq.3, the offset current of any one phase results the offset currents of all three phases due to the 

current controller. Fig.2 shows the measured three-phase current, the measured dq current and the grid current 

when the offset 
offI  in phase A is changed from 0A to 9A at 0.3 s. 

 

 

(a)                                                             (b)                                                            (c) 

Fig. 2. Measured three-phase current (a), dq current (b) and grid current (c) 

 

In Fig. 2(a), the measured three-phase current does 

not offset before 0.3s, but offsets down with the 

magnitude of -3A. Also, in Fig. 2(b), the zero-axis 

current does not offset before 0.3s, but offsets down 

with A3
3

1
0  offII . At this time, there is no offset in 

dq currents. In Fig. 2(c), the three-phase grid current 

does not offset before 0.3s, but the phase A grid 

current offsets up with the magnitude of 6A(=9A-

3A), whereas the phase B and C grid currents offsets 

down with the magnitude of -3A. Comparing Fig. 2(a) 

and Fig. 2(c), only phase A current is different. 

The following conclusions can be obtained from 

above analysis on the offset of the measured three-

phase current. 

First, the current offset cannot be accurately obtained 

by integrating each measured phase current because 

that it is difficult to find which phase current offset 

is occurred. 

Second, if the grid current as well as the measure 

current is considered as shown from Fig. 2(a) and (c), 

the current offset can be obtained. 
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Third, assuming that a constant current is injected 

into the grid using only space vector modulation 

without current control, the current in the rotating 

reference frame oscillates with the grid frequency if 

there is an offset in the current detection. There is no 

offset in the grid current in practice. When the 

current controller is operated with constant d-axis 

and q-axis currents, the current offset happens the 

measured and grid currents. To overcome this 

problem, if the oscillating component of the grid 

frequency is added to the reference current, the offset 

of the grid current cannot be occurred. 

Accordingly, the offset observer should be designed 

for accurate measuring of the current offset and the 

offset compensation method should be researched 

using the proposed offset observer.  

III. Proposed current offset compensation 

method 

A. Current offset observer design 

 Fig. 3 shows the structure of the proposed 

current-offset controller and the offset observer. 

Here, the dq reference currents are obtained from the 

active and reactive power reference values. The 

Current controller, inverter, filter and coordinate 

transformation are the same as the conventional 

system. [14] The inverter output voltage is expressed 

by 
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Fig. 3. Structure of the proposed current-offset controller and the offset observer 

 

Where rrrr cba  , LLLL cba   

The Eq.4 can be simply rewritten as follows: 



GAS Journal of Engineering and Technology (GASJET) | ISSN: 3048-5800 | Volume 2 | Issue 12 | 2025 

 
GAS Journal of Engineering and Technology (GASJET) | Published by GAS Publishers 39 

 

gx

xoffxac

xoffxacgx
x

xxinv u
dt

iid
Liiru

dt

di
Lriu 




)(
)(

__

___                                   (5)
 

Where x means a, b  and c. 

The observer is usually given as follows in [24]. 
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From Eq. 6, the current offset and the reference current are calculated as 
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Where xî  
is the output reference current of the inverter and 

*

_ xinvu
 
is the output reference voltage of the inverter.  

The reference current and the current offsets can be calculated from the Eq.7 and Eq.8. 

B. Determination of the output reference voltage and current of the inverter 

The inverter output reference voltage is needed not to measure but to calculate the inverter output terminal voltage. 

The output reference voltage of the inverter can be calculated based on the DC bus voltage and switching status 

of IGBTs.  
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Where Sa, Sb, and Sc are the switching states of the 

upper arm IGBT, in which the state value is 1 when 

the switch turns on whereas the value is 0 when the 

switch turns off. 

Then for the output reference current to track the grid 

current accurately, the inverter output reference 

current should be determined. If there is the DC 

offset, it is difficult to identify whether the grid 

current is biased. Therefore, the grid current value 

should be accurately obtained regardless of the 

measurement of the offset current or the operation of 

the offset controller. 

The inverter output reference current is simply 

calculated by the Eq. 8 in which the inverter output 

reference voltage and the grid voltage are used. The 

current obtained from the Eq. 8 tracks the grid 

current. 

As can be seen from Eq. 8, the inverter output 

reference current is related to the inductance and 

resistance of the filter as a first order inertial segment. 

Accordingly, the filter design method should be 

explained in detail in the offset current controller 

design. Output reference voltages may get by using 

voltage sensing circuit[8, 9]. 
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C. Current offset calculation 

 The current offset value is calculated with the 

measured current and the output reference current by 

Eq. 7. Once the current offset is obtained, the 

compensation value is calculated using the Clarke 

and Park transformation and is reflected in the dq 

reference current to compensate the current offset.  

- Filter Design 

 According to Eq. 7, the low-pass filter is used 

to calculate the current offset by using the error 

between the grid current and the reference current. 

The cutoff frequency of the low-pass filter is set to 5 

Hz for the design of filter and then the transfer 

function of the filter is 
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Where k is the coefficient of filter 

- Notch Filter Design 

 The output current of the observer includes the current component oscillating with the supply frequency. 

If the output filter parameters are varied, the current is more largely oscillated. This oscillation can be eliminated 

using a Notch filter. On other words, because the supply frequency is fluctuated continuously, the cutoff frequency 

of this filter should be tracked the supply frequency. The transfer function of the Notch filter is  
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The discretization of the filter using bilinear transformation yields 
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where  fg is the supply frequency,  Ts is the sampling period.  

D. Current offset controller design 

 The offset of output current can be eliminated by directly adding the current offset obtained from the 

observer to the current detection loop. However, it is noted that the offset of output current cannot be eliminated 

completely by above-mentioned direct current-offset compensation method due to the variation of the offset 

current.  
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Therefore to overcome this problem, the dq components of offset current should be added to the current reference 

of the current controller but to the current detection loop. This allows the current controller to be used as a current 

offset controller without the additional design of the current offset controller. The current controller is designed 

as a PI controller where the proportional and integral coefficients are calculated by  
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where kp and ki are proportional and integral coefficients, respectively, r and L are the resistyance and inductance 

of the filter, respectively,  is the time constant of the closed-loop system.  

Also, the plant transfer function is given by  
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IV. Simulation result 

 The characteristics of the proposed method 

are analyzed through MATLAB Simulink. Fig. 4 

shows the power plant configuration and Fig. 5 

shows the proposed observer and current controller. 

The parameters of the plant and the current-offset 

controller designed by the proposed method are 

given in Table 1. 

The phase, the voltage and current at the dq rotating 

reference frame were calculated from the grid 

voltage and current. For the simulation, the phase 

current is obtained by adding the virtual offset value 

to the grid current. Also the inverter output voltage 

reference is obtained through Eq. 9, the output 

current reference and the current offset are 

determined from Eq. 8 and Eq. 7, respectively. 

Then, the Notch filter is used to obtain the accurate 

current offset with the elimination of the ripple 

component. For the simulation, the d-axis 

component of the output current is gradually 

increased from zero to rated current but the q-axis 

current component is set to zero. The current 

controller is constructed as shown in controller block 

diagram of Fig. 3. 

 

 

Fig. 4. Power Plant Configuration in Matlab 
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Fig. 5. Structure of the proposed controller and observer. 

 

 

Table. 1. Parameters of the plant and controller in simulation. 

Parameter Value Parameter Value 

P  10kW   250μs 

L  2mH sampf  20kHz 

r  1mΩ pwmf  10kHz 

dcU  680V pk  8 

gf  50Hz ik  4 

gU  380V k
 

31.4 

 

 

A. Inverter output reference voltage 

 The inverter output voltage and output 

reference voltage are shown in the Fig. 6. As can be 

seen from Fig. 6, the inverter output voltage 

reference is approximated with the actual inverter 

output voltage according to the inverter output 

reference voltage calculated by Eq. 9. The inverter 

output voltage and the output reference voltage are 

shown in the enlarged waveforms of Fig. 6. The 

inverter output reference voltage tracks accurately 

the inverter output voltage even if the current is 

offset or the offset controller is operated.
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Fig. 6. Inverter output voltage and output reference voltage waveform 

 

B. Inverter output reference current 

 Fig.7 shows the grid current, the inverter 

output reference current and the measured current 

waveforms. At t=0.3 s, the phase A current is offset 

to 9A, and at t=0.4 s the offset controller is operated 

to compensate the offset of the grid current. As 

shown in Fig. 7a, the grid current is asymmetryed at 

t=0.3 s and in detail, the phase A is offset up to 6 A, 

but the phase B and C  are offset down to 3 A. At 

t=0.4 s, the current offset controller is operated so 

that the grid current is kept to symmetry current 

again. As shown in Fig. 7b, the inverter output 

reference current is changed to approximate with the 

grid current. 

The measured current waveform is shown in Fig. 7c. 

When the current offset is occurred at 0.3s, the three-

phase current is adjusted by the current controller and 

the measured currents of phase A, B and C are offset 

down to 3A. That is, by the measured current 

waveform, the phase occuring current offset can not 

be found. With the current offset controller operating 

at 0.4 s, the phase B and phase C currents are changed 

symmetrically, and only phase A current is offset 

down to 6 A. 

Fig. 7d shows the grid current, inverter output 

reference current and measured current waveforms 

of phase A before the offset current is occurred at 

t=0.25 s. As can be seen, all three currents are 

identical. Fig. 7e shows the grid current, inverter 

output reference current and measured current 

waveform of phase A when the offset current is 

occurred at t=0.38s. As can be seen, the offset current 

is occurred, the measured current is offset down to  

3A, while the grid current and inverter output 

reference current are offset up to 6A. The inverter 

output reference current tracks accurately the grid 

current even in the presence of current pffset. Fig. 7f 

shows the grid current, reference current  and 

measured current waveforms of phase A when the 

current offset controller is operated at t=0.45s. the 

current offset does not be existed in the grid current 

and reference current , and in the measured current is 

offset down to 9 A. In this case, the reference current  

is accurately estimated by the grid current.

 

 



GAS Journal of Engineering and Technology (GASJET) | ISSN: 3048-5800 | Volume 2 | Issue 12 | 2025 

 
GAS Journal of Engineering and Technology (GASJET) | Published by GAS Publishers 44 

 

 

Fig. 7. Grid current, inverter output reference current and measured current waveform 

 

(a) Grid current waveform (b) Inverter output 

reference current waveform, (c) Measured current 

waveform, (d) Three types of current waveform in 

normal state(0.25s), (e) Three types of current 

waveform in offset state (0.38s), (f) Three types of 

current waveform in offset control state (0.45s). 

C. Current offset calculation 

Case 1: Current offset of three phase 

 Fig. 8 shows the characteristic waveforms for 

three phase when the currents of phase A, B and C 

are offset as 9A, -3A and 6A at t=0.3s, respectively. 

As shown in Fig. 8a, when the offset currents are 

occurred in phase A, B and C at t=0.3s, the offset 

currents of the phase A , B and C are exactly 

observed as 9A, -3A and 6A by the proposed 

observer, respectively. Fig. 8b, Fig. 8c and Fig. 8d 

show that by the proposed observer, the current 

offset of phase A, B and C are observed as zero 

initially before t=0.3s, but  the offset currents of 

phase A, B and C are observed as 9 A,  -3 A and 6A 

after t=0.3 s, respectively.  
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(a)                                                                     (b) 

 

(c)                                                                     (d) 

Fig. 8. Observed offset current, Phase A currents, Phase B currents and Phase C current 

 

(a) Thee phase observed offset currents, (b) Grid 

current, offset value and observed offset current in 

Phase A, (c) Grid current, offset value and observed 

offset current in Phase B, (d) Grid current, offset 

value and observed offset current in Phase C 

Case 2: Variation of filter parameters 

 Here, the compensation of the current offset 

by the proposed current offset compensation method 

is analysed when the filter parameters are varied. 

Initially, it is supposed that the parameters of the 

controller and digital filter are unchanged but the 

output filter parameters are given to R=0.5mΩ, 

L=1mH unlike of R=1mΩ, L=2mH. 
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(a)                                                                     (b) 

 

(c)                                                          (d)                                                        (e) 

Fig. 9. Observed offset current, Phase A currents, Phase B currents and Phase C current 

 

(a) Thee phase observed offset currents, (b) Three 

phase offset currents after Notch filtering, (c) Grid 

current, offset value and observed offset current in 

Phase A, (d) Grid current, offset value and observed 

offset current in Phase B, (e) Grid current, offset 

value and observed offset current in Phase C 

Because output reference current  is changed by Eq. 

8 due to the variation of the filter parameters, the 

output of the current-offset observer ripples with the 

supply frequency as shown in Fig 9a. To remove the 

ripple component, the notch filter is applied in this 

paper. Fig 9b shows that the output of the current-

offset observer which is filtered by the notch filter 

tracks the current offset.  

Fig 9c, 9d and 11e show that in the phase A, B and 

C, the observed offset currents do not track the 

current offset only by the current-offset observer 

before t=0.4s, but the observed offset currents begin 

to track the current offset by both the current-offset 

observer and the current–offset controller after 

t=0.4s and accurately track the current offset after 

t=0.5s.  

D. Current offset controller 

 The reference current of the current-offset 

controller and the output current waveforms in dq 

rotating frame are shown in Fig 10. As shown in the 

Fig 10, the reference current is constant before the 

current-offset controller is operated, but the 

reference current is rippled with the supply 

frequency after the current-offset controller is 

operated. At this time, the current -offset controller 

accurately tracks the reference current to compensate 

the current offset. 
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Fig. 10. Reference current of the current-offset controller and output current waveforms in dq rotating frame 

 

V. Conclusion 

 In this paper, the current-offset compensation 

method for three-phase grid-connected inverter 

without output transformer has been investigated. In 

the proposed method, the current offset and the 

reference current are calculated using the current- 

offset observer and the current offset is compensated 

using a PI controller. Even if the filter parameters are 

changed, the proposed method can observe the 

current offset accurately and the current offset 

controller accurately compensates the current offset. 

The application of the observer and controller 

designed in this paper effectively compensates the 

three-phase current offset. The proposed method can 

also be used in current control of motor drive systems 

in rotating frame. 
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