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Abstract. Integration the distributed energy resources into the microgrid is developed in a rapid pace. Conventionally, the voltage-source inverters in 
microgrid with sinusoidal current regulation are used in grid-connected mode. In this paper, a two-degree-of-freedom nonsinusoidal current control 
strategy is proposed for both the distributed power generation and power quality enhancement. The equivalent Thevenin-Norton circuit is presented 
to clarify the concept that the proposed strategy with virtual admittance leads to the power quality improvement. It is demonstrated that without any 
harmonic current sensor or additional compensating device, the harmonics of the voltages at the point of common coupling and currents in microgrid 
can be mitigated significantly. Time-domain performance evaluation results confirm the concept.  
 
Streszczenie. Zazwyczaj przekształtnikowe źródła napięcia w mikrosieciach są podłączane ze sterowaniem prądu sinusoidalnego. W artykule 
zaproponowano strategię kontroli prądu niesinusoidalnego z wykorzystaniem wirtualnej admitancji w celu poprawy jakości energii. (Strategia 
kontroli prądu w przekształtnikach dołączonych do mikrosieci bazująca na wirtualnej admitancji) 
 
Keywords: Microgrid, grid-connected inverters, two-degree-of-freedom control, virtual admittance 
Słowa kluczowe: mikrosieć, przekształtniki, wirtualna admitancja. 
 
 
Introduction 

The environmental concerns and electric utility 
deregulation promote the development of distributed 
generation (DG) in a rapid pace [1-5]. The high penetration 
of DG brings about a concept of the microgrid [4]. It is 
defined as a cluster of DG units (such as wind turbines and 
photovoltaics), storage devices and loads, which can 
operate in the grid-connected mode, autonomous mode, 
and ride-through between the two modes. Typically, the 
current-regulated voltage-source inverter used to provide 
the interface between the DG and the grid [6-7]. In most 
cases, the sinusoidal current regulation (SCR) with low 
distortion has been considered a defaulted control way for 
grid-connected inverters [8]. In fact, SCR stems from a 
common principle that grid-connected inverters should not 
inject harmonics into the gird, because these harmonics will 
cause the negative effects on the sensitive loads. On the 
other hand, there are so many nonlinear loads in the 
microgrid or utility networks that the harmonic pollution is 
still serious, even if the grid-connected inverters do not 
inject harmonics.  

Conventionally, Harmonic mitigation can be achieved by 
active filter techniques. In general, these techniques employ 
the current harmonic extraction and control strategy on 
condition that harmonic sources are available at a certain 
location. In practice, however, it is not an effective solution 
because locating all harmonic sources is not an easy task in 
a real distributed system, and it’s impractical to install active 
filters for every harmonic source.  

IEEE Standard 1547 defines the ancillary services in 
distributed power generation systems. It is very interesting 
to integrate the power quality improvement function into the 
power generation units in microgrid. The objective of this 
paper is to develop a nonsinusoidal current regulation 
(NCR) of grid-connected inverters in microgrid, which not 
only inject the sinusoidal current for the power generation, 
but also absorb the harmonics from the microgrid for the 
power quality improvement with no need of positioning 
harmonic sources and installing additional compensating 
devices. 

 

Strategy Description 
Fig.1 illustrates the schematic diagram of the microgrid. It 

comprises of the primary energy sources (PV, wind, et al.) 
with optional energy storages, dc/dc or ac/dc converters 
and dc/ac inverters. The inverters can provide an interface 
for the flexible functions such as energy conversion and 

power quality improvement. The inverter output may either 
feed the local loads independently in autonomous mode or 
in conjunction with the electric utility by static switch (STS) 
in grid connected mode. This paper will focus on the latter 
mode. 
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Fig.1. Schematic diagram of the microgrid 
 

For simplicity, only the inverter is considered, and the 
rest of microgrid is modeled as another unit. As shown in 
Fig.2, the simplified model consists of the inverter, filter 
capacitor, local load and transmission line. Its equivalent 
Thevenin-Norton circuit is shown in Fig.2b, where I1 

represents the fundamental sinusoidal current regulation, 
while I2 stands for the harmonic current regulation by the 
virtual admittance.  

From Fig.2, the voltage at the point of common coupling 
(PCC) can be derived as follows: 
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From (1), the harmonic components of the voltage at 
PCC can be obtained as: 

(2)                            _
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Equation (2) indicates that the sinusoidal current 
regulation (SCR) with zero admittance ( 0Y  ) will lead to 

the harmonic-damping ratio of 1/(1 )sZ Cs , while 

nonsinusoidal current regulation (NCR) with the virtual 
admittance Y  will cause the increased harmonic-damping 
ratio of 1/(1 )s sYZ Z Cs  . In other words, the larger 

admittanceY will leads to higher harmonic-damping ratio.   
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Fig.2 System model: (a) simplified model; (b) Thevenin-Norton 
equivalent circuit 

 

In order to get the information of the nonsinusoidal 
current regulation, the linear control model of the grid-
connected inverter is provided in Fig.3, where A(s) is the 
admittance regulator, C(s) is the current regulator, K is the 
PWM inverter gain, L and R is the interface inductor and its 
equivalent series resistor. 
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Fig.3 Linear control model of grid-connected inverter 

 
Nonsinusoidal current regulation of the grid-connected 

inverter can be derived from Fig.3 as follows:  
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Equation (3) indicates that the sinusoidal current 
regulation I1(s) and harmonic current regulation I2(s) with 
the virtual admittance can be adjusted independently via the 
regulator C(s) and A(s), which implies that two-degree-of-
freedom control is achieved. 

The virtual admittance can be derived from (3) as:   

(4)                      
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In this paper, an admittance regulator is proposed as 
follows: 
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Fig. 4 shows the virtual admittance in case of different 
values of “a”. It can be observed that the larger “a” leads to 
higher virtual admittance, and thus higher harmonic-
damping ratio. 

In order to further clarify the effectiveness of the 
proposed method, the harmonic damping factor is defined 
as 1/(1 )d sh shk Z Y Z Cs   from (2). The frequency domain 

analysis of the factor dk is illustrated in Fig.5, from which it is 

clear that the larger “a” leads to the higher harmonic-
damping ratio. 
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Fig.4 Virtual admittance in case of different values of “a” 
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Fig.5 Frequency domain analysis for kd 

 

Performance Evaluation 
The performance evaluation of the proposed scheme has 

been carried out based on time-domain simulation in 
MATLAB/Simulink environment. The system parameters 
are given in appendix. 

Case I. Single-phase applications 
Fig.6 shows the simulation schematic diagram and the 

test results. Table I offers a quantitative analysis of the total 
harmonic distortion for the results. 

Fig.6 and Table I indicate that higher harmonic-damping 
ratios of both PCC voltage harmonics and microgrid current 
harmonics are achieved with the larger “a”. That is to say, 
higher virtual admittance leads to the lower harmonic 
distortion of PCC voltages and microgrid currents. 

Case II. Three-phase applications 
Fig.7 illustrates the simulation schematic diagram and 

the test results. Table II offers a quantitative analysis of the 
total harmonic distortion for the test results. 

As shown in Fig.7 and Table II, the proposed 
nonsinusoidal current regulation with virtual admittance can 
achieve the desired harmonic damping in the three-phase 
microgrid as well.  
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Fig.6 Time-domain simulation: (a) simulation schematic diagram; (b) 
test results. 
 

Table I. Harmonic analysis for voltages and currents  
THD 

 io upcc is 
a = 0.0 
0~85ms 

1.63% 8.21% 16.88% 

a = 0.1 
85~165ms 

9.28% 5.64% 15.07% 

a = 1.0 
165ms~250ms 

23.50% 1.55% 3.87% 
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Fig.7 Time-domain simulation: (a) simulation schematic diagram; (b) 
test results 
 
Table II. Harmonic analysis for voltages and currents  

THD iabc upcc isabc 

a = 0.0 
0~85ms 

2.77% 
2.79% 
2.79% 

12.91% 
12.83% 
12.88% 

33.16% 
33.12% 
33.13% 

a = 0.1 
85~165ms 

11. 72% 
11. 79% 
11. 76% 

6.87% 
6.85% 
6.86% 

22.52% 
22.46% 
22.48% 

a = 1.0 
165ms~250ms 

18.05% 
18.15% 
18.08% 

1.76% 
1.71% 
1.73% 

3.97% 
3.90% 
3.93% 

 

Conclusion 
This paper has attempted to make two major 

contributions: 1) Development of a nonsinusoidal current 
regulation for grid-connected inverters in microgrid based 
on virtual admittance concept. 2) Offering two degrees of 
freedom control structure for the nonsinusoidal current 
regulation. From the paper’s theoretical analysis and 
evaluation results, several important conclusions can be 
reached. 

•The proposed nonsinusoidal current regulation can 
achieve the superior harmonic damping of both PCC 
voltages and microgrid currents over the conventional 
sinusoidal current regulation with no impact on the 
fundamental power generation due to two degrees of 
freedom control structure.  

•Higher virtual admittance leads to lower harmonic 
distortion and higher harmonic-damping ratio. In practice, 
however, the virtual admittance should be limited by the 
inverter current ratings. 

•The unique feature of the proposed method is that, it 
only depends on the local voltage measurement, and does 
not require any harmonic source/load current sensor or any 
other external compensating device such as active filters. It 
is very promising for the real distributed system, especially 
the microgrid applications, where positioning every 
harmonic source is impractical. 

•The proposed method can be applied to both single-
phase and three-phase microgrids. 
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Appendix 

The system parameters are given as follows: 
 

Table III. Single-phase system parameters 
System elements Value 

DC  bus 400V 
Microgrid voltage 220V/50Hz 
Line impedance  6mH 
Filter capacitor 4.7uF 

Interface inductor 3mH 
Switching frequency 25kHz 

Nonlinear load (resistor) 200   
Nonlinear load (capacitor) 1000uF 

 
Table IV. Three-phase system parameters 
System elements Value 

DC  bus 800V 
Microgrid voltage 380V/50Hz 
Line impedance  6mH 
Filter capacitor 4.7uF 

Interface inductor 3mH 
Switching frequency 25kHz 

Nonlinear load (resistor) 50   
 
Authors,  
Cao Hai-yan, Department of Information Engineering, Shijiazhuang 
University of Economics, Shijiazhuang 050031, China. Email: 
beatles888@126.com  
 
 

 
 
 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


