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� $�%�6�7�5�$�&�7�
,Q� WKLV� SDSHU�� DQ� $GDSWLYH� 1HXUR� )X]]\� ,QIHUHQFH� 6\VWHP� �$1),6�� DQG�
0RGLILHG�3URSRUWLRQDO�,QWHJUDO�'HULYDWH��03,'��DUH�XVHG�IRU�UHVSHFWLYHO\�'&�
OLQN�YROWDJH�UHJXODWLRQ�DQG�JULG�FXUUHQWV� UHJXODWLRQ� IRU�JULG�FRQQHFWHG� WKUHH�
SKDVH�LQYHUWHU��7KH�PDLQ�SXUSRVH�RI�WKLV�ZRUN�LV�WR�UHGXFH�WKH�IOXFWXDWLRQ�RQ�
'&�OLQN� YROWDJH� DQG� WKH� 7RWDO� +DUPRQLF� 'LVWRUWLRQ� �7+'�� RQ� WKH� LQMHFWHG�
FXUUHQWV��,QGHHG��WKH�XVH�RI�3URSRUWLRQDO�,QWHJUDO��3,��FRQWUROOHU�FDQQRW�DFKLHYH�
WKHVH� REMHFWLYHV� GXH� WR� WKHLU� GLVWXUEDQFHV� VHQVLWLYLW\� SUREOHP� DQG� OLPLWHG�
UHJXODWLRQ�EDQGZLGWK��7R�DYRLG�WKHVH�SUREOHPV��DQ�$1),6�UHJXODWRU�KDV�EHHQ�
GHVLJQHG��5HVXOWV�VKRZ�WKDW�$1),6�KDV�D�YHU\�VKRUW�UHVSRQVH�WLPH��5W��������V�
ZLWK�QR�RYHUVKRRW��'���
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7KH�ZRUOG�FRQWLQXHV�WR�EH�IDFHG�ZLWK�D�VLJQLILFDQW�GHPDQG�
IRU� HQHUJ\�� 7KH� IRVVLO� UHVRXUFHV� ZKLFK� RFFXS\� WKH� ILUVW�
SODFH�LQ�WKH�SURGXFWLRQ�RI�HOHFWULFLW\�DW�WKH�ZRUOG�OHYHO�DUH�
LQ� DGGLWLRQ� WR� EHLQJ� QRQ�UHQHZDEOH�� KDUPIXO� IRU� WKH�
HQYLURQPHQW� >�@�� 7KH� VHDUFK� IRU� D� VROXWLRQ� ODXQFKHG�
VHYHUDO�\HDUV�DJR�SURPRWHV�WKH�XVH�RI�UHQHZDEOH�HQHUJLHV�
VXFK� DV� 3KRWRYROWDLF� 6RODU� (QHUJ\� �36(��� ,W� LV� FOHDQ�

HQHUJ\��,WV�H[SORLWDWLRQ�LV�VDIH�IRU�KXPDQLW\��,WV�OLPLWV�DUH�
OLQNHG�WR�LWV�SRZHU�ORVVHV�GXH�WR�WKH�LQWHUPLWWHQFH�RI�WKH�
VRODU�VRXUFH�DQG�WKH�ORZ�HIILFLHQF\�RI�WKH�SKRWRYROWDLF�FHOO�
�39���,W�LV�WKHUHIRUH�LPSRUWDQW�WR�RSWLPL]H�WKH�SRZHU�>�@��
'XH�WR�FKDQJLQJ�HQYLURQPHQWDO�FRQGLWLRQV�� WKH�RSHUDWLQJ�
SRLQW� RI� WKH� 39� DUUD\� FKDQJHV��ZKLFK� DIIHFWV� WKH� RXWSXW�
SRZHU� RI� WKH� 39� DUUD\�� 7KH� RYHUDOO� HIILFLHQF\� RI� WKH�
RSHUDWLRQ� ZLOO� EH� UHGXFHG�� 0D[LPXP� 3RZHU� 3RLQW�
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7UDFNLQJ� �0337�� WHFKQLFV� DUH� XVHG� WR� H[WUDFW� WKH�
PD[LPXP�RXWSXW� SRZHU��7KH� ERRVW� FRQYHUWHU� VHUYHV� WKH�
SXUSRVH�RI�YROWDJH�UHJXODWLRQ�DORQJ�ZLWK�WKH�YROWDJH�ERRVW�
ZKLFK�LV�UHTXLUHG�WR�LVRODWH�WKH�$&�SDUW�IURP�WKH�39�VLGH��
,Q�RUGHU�WR�FDSWXUH�WKH�RSWLPDO�39�SRZHU��VHYHUDO�0337�
DOJRULWKPV�DUH�GHVLJQHG�DURXQG�WKH�'&�'&�FRQYHUWHU�>�@±
>�@��7KHVH� DOJRULWKPV�GLIIHUHG�E\� WKHLU� FRPSOH[LWLHV� DQG�
SHUIRUPDQFHV�EXW�WKH\�UHTXLUHG�WKH�PHDVXUH�RI�39�FXUUHQW�
DQG�YROWDJH�>�@��7KH�SULQFLSDO�DOJRULWKPV�DUH�SHUWXUEDWLRQ�
DQG� REVHUYDWLRQ� �3	2��� LQFUHPHQWDO� FRQGXFWDQFH� ,Q&��
IX]]\�ORJLF��)/��>�@���

36(�VKRXOG�RSHUDWH�LQ�JULG�FRQQHFWHG�RSHUDWLRQ�PRGH�DQG�
LVODQGLQJ� RSHUDWLRQ� PRGH�� 7KH� JULG�FRQQHFWHG� LQYHUWHU�
SOD\� DQ� LPSRUWDQW� SDUW� LQ� WKH� 'LVWULEXWHG� *HQHUDWLRQ�
6\VWHP� �'*6�� >�@�� 7KH� SHQHWUDWLRQ� RI� 36(� LQWR� WKH�
GLVWULEXWLRQ� V\VWHP� DW� D� PHGLXP� DQG� ORZ�YROWDJH� OHYHO�
SRVHV�YDULRXV�FKDOOHQJHV�WR�PDLQWDLQLQJ�WKH�SRZHU�TXDOLW\�
DQG�RSHUDWLRQ�LQWHJULW\��7KH�JULG�UHJXODWLRQV�VXFK�DV�DQWL�
LVODQGLQJ�DQG�ORZ�YROWDJH�ULGH�WKURXJK�DUH�LPSRVHG�RQ�WKH�
39�V\VWHP�WR�HQVXUH�WKH�GHVLUHG�FRQWURO�GXULQJ�XQEDODQFHG�
FRQGLWLRQV�� ,W� LV� H[WUHPHO\� LPSRUWDQW� WR� LGHQWLI\� VXFK�
HYHQWV�DQG�WDNH�SURSHU�DFWLRQ�WR�PLQLPL]H�WKH�GDPDJH�WR�
WKH�39�JHQHUDWRU�DQG�FDXVH�OHVV�KDUP�WR�WKH�LQWHUFRQQHFWHG�
ORDGV� DQG� JULG�� 7KH� LQYHUWHU� FRQWURO� FDQ� EH� GHVLJQHG� WR�
OLPLW�WKH�FXUUHQW�DQG�UHGXFH�WKH�DFWLYH�SRZHU�RVFLOODWLRQV�
GXULQJ� D� IDXOW�� 7KH� FRQYHQWLRQDO� PHWKRG� RI� WKH� LQYHUWHU�
FRQWURO� FRQWDLQV� WKH� RXWHU� ORRS� YROWDJH� DQG� WKH� LQQHU�
FXUUHQW�FRQWURO�ORRS�ZKLFK�UHJXODWH�UHVSHFWLYHO\�WKH�RXWSXW�
LQYHUWHU�FXUUHQWV�DQG�WKH�'&�OLQN�YROWDJH��7KH�RXWHU�ORRS�
UHJXODWRU� FRPSDUHV� WKH� '&�EXV� YROWDJH� LQ� WKH� OLQN�
FDSDFLWRU�ZLWK�D�YROWDJH�UHIHUHQFH��0RVW�RI�WKH�UHVHDUFKHUV�
ZKR� ZRUNHG� RQ� WKH� FRQWUROV� RI� WKH� WKUHH�SKDVH� LQYHUWHU�
FRQQHFWHG�WR�WKH�JULG�XVHG�FRQYHQWLRQDO�FRUUHFWRUV�IRU�WKH�
FXUUHQW� DQG� YROWDJH� UHJXODWLRQ� ORRSV� >�@±>��@�� 7KHVH�
FRUUHFWRUV�DUH�IRU�WKH�PRVW�SDUW�WKH�3,�DQG�WKH�3,'�DQG�WKH\�
DUH� XVHG� LQ� WKH� 3DUN� EDVH� EXW� DOO� UHTXLUH� H[DFW� OLQHDU�
PDWKHPDWLFDO�PRGHOV��7KHLU�OLPLWV�DSSHDU�GXULQJ�ZHDWKHU�
YDULDWLRQV��6WURQJ�GLVWXUEDQFHV�RQ�WKH�JULG�VLGH�DOVR�UHYHDO�
WKHLU�OLPLW��7KH\�FDQQRW�IROORZ�WKHVH�GLVWXUEDQFHV�ZLWK�ORZ�
UHVSRQVH� WLPHV�� 7KLV� LV� WKHQ� RQH� RI� WKH� UHDVRQV� ZK\�
DGDSWLYH�FRUUHFWRUV�DUH�XVHG�PRUH�DQG�PRUH��:LWK�D�YHU\�
JUHDW� FDSDFLW\� IRU� OHDUQLQJ� DQG� DGDSWDWLRQ�� WKH\� FDQ�
DQWLFLSDWH� DQ\� GLVUXSWLRQV� >��@>��@±>��@��7KH� WHFKQLTXHV�
EDVHG� RQ� $UWLILFLDO� ,QWHOOLJHQFH� �$,�� DOJRULWKPV� DUH� WKH�
PRVW� XVHG�� $PRQJ� WKHPH�� $UWLILFLDO� 1HXUDO� 1HWZRUNV�
�$11�� DWWUDFWHG� PRUH� DSSOLFDWLRQV� LQ� SRZHU� HOHFWURQLFV�
V\VWHPV� GXH� WR� LWV� IDVW� G\QDPLF� UHVSRQVH� ZLWKRXW�
GLVWXUELQJ�WKH�VWDELOLW\�RI�WKH�V\VWHP�RYHU�D�ZLGH�UDQJH�RI�
RSHUDWLRQ�>��@>�@���

$11� FDQ� OHDUQ� IURP� GDWD�� +RZHYHU�� XQGHUVWDQGLQJ� WKH�
NQRZOHGJH�OHDUQHG�E\�QHXUDO�QHWZRUNV�KDV�EHHQ�GLIILFXOW��
7R�EH�PRUH� VSHFLILF�� LW� LV�XVXDOO\�GLIILFXOW� WR�GHYHORS�DQ�

LQVLJKW�DERXW�WKH�PHDQLQJ�DVVRFLDWHG�ZLWK�HDFK�QHXURQ�DQG�
HDFK�ZHLJKW��,Q�FRQWUDVW��IX]]\�UXOH�EDVHG�PRGHOV�DUH�HDV\�
WR�EH�XQGHUVWRRG�EHFDXVH�LW�XVHV�OLQJXLVWLF�WHUPV�DQG�WKH�
VWUXFWXUH�RI�IX]]\�UXOHV��8QOLNH�QHXUDO�QHWZRUNV��KRZHYHU��
)/�E\�LWVHOI�FDQQRW�OHDUQ��7KH�OHDUQLQJ�DQG�LGHQWLILFDWLRQ�
RI�)/�V\VWHPV�QHHG�WR�DGRSW�WHFKQLTXHV�IURP�RWKHU�DUHDV��
VXFK� DV� VWDWLVWLFV�� V\VWHP� LGHQWLILFDWLRQ�� 6LQFH� QHXUDO�
QHWZRUNV� FDQ� OHDUQ�� LW� LV� QDWXUDO� WR� PHUJH� WKHVH� WZR�
WHFKQLTXHV��7KH�$GDSWLYH�1HXUR�)X]]\�,QIHUHQFH�6\VWHP�
�$1),6��FRRUGLQDWHV�$11�V\VWHP�DQG�)/�>��@±>��@��7KH�
$1),6� PHWKRG� JLYHV� JRRG� UHVXOWV� FRPSDUHG� WR� WKH�
PHWKRGV� PHQWLRQHG� DERYH� >��@�� ,WV� DGYDQWDJH� LV� WKDW� LW�
DOORZV�WR�LQWHJUDWH�WKH�NQRZOHGJH�WKDW�WKH�XVHU�KDV�RQ�WKH�
LQSXWV�DQG�RXWSXWV�� ,Q� >��@��DXWKRUV�SUHVHQW�DQ� LPSURYHG�
SHUIRUPDQFH� RI� FRRUGLQDWHG� FRQWURO� VFKHPH� IRU�
H[FKDQJLQJ�SRZHU�EHWZHHQ�D� VLQJOH�SKDVH�HOHFWULFDO�JULG�
DQG�EDWWHU\�HQHUJ\�VWRUDJH�V\VWHP��%(66��XVLQJ�$1),6��
7KH�$1),6�UHJXODWRU�LV�XVHG�WR�UHJXODWH�WKH�YROWDJH�RI�WKH�
'&�OLQN��7KH\�ILQG�WKDW�$1),6�KDV�WKH�EHVW�SHUIRUPDQFH�
FRPSDUHG� WR� WKH�3,� UHJXODWRU�� ,Q� >��@��GHVLJQ��VLPXODWLRQ�
DQG� LPSOHPHQWDWLRQ�RI�D�G63$&(�EDVHG�JULG� LQWHUDFWLYH�
YROWDJH� VRXUFH� LQYHUWHU� DUH� SURSRVHG�� 7KLV� VLQJOH� SKDVH�
LQYHUWHU�KDV�$1),6�FRQWUROOHU�IRU�'&�OLQN�YROWDJH�DQG�JULG�
FXUUHQW��&RPSDUHG�WR�3,��UHVXOWV�VKRZ�WKDW�$1),6�KDV�WKH�
ORZHVW�UHVSRQVH�WLPH�DQG�WKH�ORZHVW�7+'��

7KHVH� DXWKRUV� XVHG� $1),6� IRU� WKH� UHJXODWLRQ� RI� VLQJOH�
SKDVH�V\VWHPV�ZKHUH�UHJXODWLRQ�LV�YHU\�FRPSOH[�ZLWK�3,�RU�
3,'�UHJXODWRUV��

7KH� REMHFWLYH� RI� WKLV� SDSHU� LV� WR� UHJXODWH� WKH� '&� OLQN�
YROWDJH� DQG�/RZ�9ROWDJH�*ULG� �/9*��FXUUHQWV�E\�XVLQJ�
UHVSHFWLYHO\�$1),6�DQG�03,'�LQ�WKUHH�SKDVH�V\VWHP��7KH�
DLP�RI� WKLV� FRPPDQG� LV� WR� LQMHFW� HQHUJ\� LQWR� WKH�JULG� DW�
XQLW\� SRZHU� IDFWRU� DQG� D� FXUUHQW� ZLWK� ORZ� KDUPRQLF�
GLVWRUWLRQ���

,,��0$7(5,$/6�$1'�0(7+2'6�

7KH�PDLQ�REMHFWLYH�RI�WKH�FRQWURO�LV�WR�FRQYHUW�'&�SRZHU�
IURP�39�JHQHUDWRU�WR�$&�SRZHU�IHHGLQJ�WR�WKH�JULG��)LJ���
SUHVHQWV� WKH� SURSRVHG� DUFKLWHFWXUH� RI� WKH� JULG� FRQQHFWHG�
V\VWHP� DQG� LWV� FRQWURO��7KLV� V\VWHP� LV� FRPSRVHG� RI� WZR�
SDUWV��D�FRQWLQXRXV��'&��SDUW�DQG�DQ�DOWHUQDWLYH�SDUW��$&���
7KH� '&� SDUW� LV� WKH� HQHUJ\� IURP� WKH� 39� DQG� WKH� $&� LV�
FRPSRVHG�E\�WKH�LQYHUWHU��WKH�/9*�DQG�LV�FRQWUROOHG�E\�D�
EDODQFHG�DFWLYH�DQG�UHDFWLYH�SRZHU�FRQWURO��7KH�RXWSXWV�RI�
FXUUHQW� FRQWUROOHU� DUH� FRQQHFWHG� WRJHWKHU� WR� WKRVH� RI�
YROWDJH�FRQWUROOHU��LQ�RUGHU�WR�SUHYHQW�D�VXGGHQ�FKDQJH�RI�
WKH�RXWSXWV�RI�ERWK�FRQWUROOHUV�GXULQJ�WKH�WUDQVIHU�LQVWDQW��
$� 3KDVH� /RFNHG� /RRS� �3//�� FRQWUROOHU� LV� XVHG� WR�
V\QFKURQL]H� WKH� SKDVH� RI� LQYHUWHU� RXWSXW� YROWDJH� ZLWK� D�
JULG�YROWDJH�RU�JHQHUDWH�D�GHVLUHG�LQYHUWHU�YROWDJH��,Q�WKLV�
ZRUN��RQO\� WKH�$&�SDUW� LV�VWXGLHG��7KH�0337�FRPPDQG�
ZLOO�QRW�EH�SUHVHQWHG�
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�
Fig.1. Diagram of the grid connected to PV system and its control loop 

����0RGHOLQJ�RI�WKH�$&�SDUW�

2.1.1 Modeling of the three-phase inverter 

7KH�LQYHUWHU�LV�WKH�PDLQ�GHYLFH�RI�WKH�JULG�FRQQHFWHG�VRODU�
39� V\VWHP�DQG� LWV�PLVVLRQ� LV� WR� FRQYHUW� WKH�JHQHUDWH� GF�
YROWDJH� LQWR�VXLWDEOH�DV�FXUUHQWV� WR�EH�IHG� LQWR� WKH� WKUHH�
SKDVH� ORZ�YROWDJH�XWLOLW\�JULG�� ,W� LV�PRGHOHG�E\�HTXDWLRQ�
���� 
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2.1.2 Modeling of LCL filter 

,Q�WKLV�SDUW��ZH�PDNH�WKH�IROORZLQJ�K\SRWKHVHV��

Ͳ� 9[Q� �9��

Ͳ� /�� �/�I����/J�

Ͳ� 9J� �9��
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%\�RSSRVLQJ�WKDW�WKH�XWLOLW\�JULG�YROWDJH�LV�VWDEOH��ZH�ZLOO�
RQO\�EH�LQWHUHVWHG�LQ�D�VLQJOH�SKDVH�DQG�WKXV�UHSUHVHQWV�WKH�
GLDJUDP�RI�WKH�VLQJOH�SKDVH�ILOWHU�DQG�WKH�IROORZLQJ�� �

2.1.3 Modeling of three-phase transformer and LVG�

,Q�WKLV�FDVH��WKH�WUDQVIRUPHU�LV�XVHG�WR�VZLWFK�WR�PHGLXP�
YROWDJH��9���WR�ORZ�YROWDJH��9��� 

7KH�WUDQVIRUPDWLRQ�UDWLR�LV�ZULWWHQ�DV�IROORZV�E\�HTXDWLRQ�
�����

݉ ൌ ௏ೞ೐
௏మ
ൌ ௜మ

௜ೞ೐
� ��������������������������������������������������

7KH�FRQVHUYDWLRQ�RI� WKH�SRZHU�EHWZHHQ� WKH�SULPDU\�DQG�
WKH� VHFRQGDU\� PDNHV� LW� SRVVLEOH� WR� ZULWH� WKH� IROORZLQJ�
UHODWLRQ�JLYHQ�E\�HTXDWLRQ������

ଶܸ݅ଶ ൌ ௦ܸ௘݅௦௘ � ��������������������������������������������������

:H�WKXV�REWDLQ�WKH�PDWKHPDWLFDO�PRGHO�RI�WKH�LPSHGDQFH�
RI�WKH�/9*�JLYHQ�E\�WKH�HTXDWLRQ������

ܼோ ൌ ඥܴଶோ ൅ ሺܮݓோሻଶ� �����������������������������������

����&RQWURO�RI�WKH�WKUHH�SKDVH�LQYHUWHU�

7R�OHDUQ�WKH�$1),6�V\VWHP��D�GDWDEDVH�LV�FUHDWHG�ZLWK�WKH�
03,'��,Q�WKLV�EDVH��$1),6�UHFHLYHV�WKH�HUURU�EHWZHHQ�WKH�
'&�OLQN�YROWDJH�DQG�WKH�UHIHUHQFH�YROWDJH��,WV�RXWSXW�LV�WKH�
DFWLYH� UHIHUHQFH� FXUUHQW�� 7KH� YROWDJH� ORRS� UHJXODWLRQ�
FRQVLVW�RI�DQ�$1),6�FRQWUROOHU�ZKLFK�LV�DGRSWHG�WR�DYRLG�
VWDWLRQDU\� GF�OLQN� YROWDJH� DQG� WR� SURYLGH� WKH� DFWLYH�
UHIHUHQFH� FXUUHQW�� 7KH� RXWHU� ORRS� FRPSDUHV� WKH� GF� EXV�
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YROWDJH�ZLWK�D�YROWDJH�UHIHUHQFH��)LJ�����7KH�LQQHU�FRQWURO�
ORRS��)LJ����XVHV�WZR�FRQWUROOHUV�WR�UHJXODWH�WKH�G�T�RU�WKH�
Įȕ� FRPSRQHQWV� RI� WKH� OLQH� FXUUHQWV� DOORZLQJ� WKH�
V\QFKURQL]DWLRQ� RI� WKH� WKUHH�SKDVH� LQYHUWHU� OLQH� FXUUHQWV�
ZLWK� WKH� /9*�� ,Q� WKH� FDVH� D� 03,'� FRQWURO� LV� XVHG� WR�
UHJXODWH�WKH�G�T�FRPSRQHQWV�RI�WKH�LQYHUWHU�FXUUHQWV��7KH�
3//�FRQWUROOHU�EDVHG�RQ�WKH�S�T WKHRU\��ZKLFK�LV�XVHG�WR�
V\QFKURQL]H� WKH� SKDVH� RI� LQYHUWHU� RXWSXW� YROWDJH� ZLWK� D�
JULG�YROWDJH�DW�WKH�JULG�FRQQHFWHG�RSHUDWLRQ�RU�JHQHUDWH�D�
GHVLUHG�LQYHUWHU�RXWSXW�YROWDJH�DW�WKH�LVODQGLQJ�RSHUDWLRQ��
7ZR�IHHGEDFN�VLJQDOV�DUH�REWDLQHG�E\�WKH�FRVLQH�DQG�VLQH�
RI� WKH� 3//� RXWSXW� DQJOH� ș� �)LJ����� 7KH� FRPPDQGHG�
YROWDJHV�9G DQG�9T DUH� SUHVHQW� LQ� WKH� URWDWLQJ� UHIHUHQFH�
IUDPH��ZKLFK�QHHGV�WR�EH�FRQYHUWHG�LQWR�DEF YROWDJHV�XVLQJ�
WKH� EDFN�UHIHUHQFH� IUDPH� WUDQVIRUPDWLRQ� FRQYHUVLRQ�
SURFHVV��7KH�FRQYHUVLRQ�IURP�GT FRPSRQHQWV�WR�Įȕ�FDQ�EH�
DFKLHYHG�XVLQJ�HTXDWLRQ������
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$IWHU� REWDLQLQJ� WKH� VWDWLRQDU\� UHIHUHQFH� IUDPH�
FRPSRQHQWV�� WKH� WKUHH�SKDVH� FRPSRQHQWV� DUH�
FDOFXODWHG�XVLQJ�HTXDWLRQV������
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LQYHUWHU�� 7KH� JDWLQJ� VLJQDO� IRU� HDFK� WKUHH�SROH� RI� WKH�
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Fig.2. DC link voltage regulation loop 

 
Fig.3. Current regulation loop 

 
Fig.4. PLL loop 
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7KH�V\VWHP�XQGHU�FRQVLGHUDWLRQ�LV�PRGHOHG�DQG�VLPXODWHG�
XQGHU�0DWODE�6LPXOLQN�HQYLURQPHQW��7KH�SK\VLFDO�V\VWHP�
SDUDPHWHUV�XVHG�LQ�WKLV�ZRUN�DUH�SUHVHQWHG�LQ�7DEOH�����

7DEOH����6\VWHP�SDUDPHWHUV�

3DUDPHWHUV� 9DOXHV�
0D[�39*�YROWDJH� ����9�
'&�EXV�YROWDJH� ����9�
0D[�39*�FXUUHQW� ������$�
&XUUHQW�RI�FKDUJH� �����$�
0D[�39*�SRZHU� �����N:�
%RRVW�LQSXW�FDSDFLW\� ������)�
%RRVW�,QGXFWDQFH�� ������P+�
%RRVW�RXWSXW�FDSDFLW\� ������)�
%RRVW�FRQYHUWHU�VZLWFKLQJ�IUHTXHQF\� ���N+]�
&DSDFLWDQFH�RI�WKH�/&/�ILOWHU��&I�� ����)�
&DSDFLWDQFH�GDPSLQJ�UHVLVWDQFH��5I�� ����
,QYHUWHU�VLGH�ILOWHU��/��� ����P+�
*ULG�VLGH�ILOWHU��/��� ����P+�
,QYHUWHU�VZLWFKLQJ�IUHTXHQF\� ���N+]�
*ULG�9ROWDJH� ����9�

�

7KH�LQSXW�SDUDPHWHUV�RI�WKH�VWXG\�V\VWHP�DUH�VKRZQ�LQ�WKH�
)LJ����7KHVH�DUH�DPELHQW�WHPSHUDWXUH�DQG�VRODU�LQVRODWLRQ�
GXH�WR�WKHLU�LPSDFW�RQ�WKH�SURGXFWLRQ�RI�VRODU�39�HQHUJ\��
)LJ���VKRZV�WKH�FRUUHFWHG�'&�OLQN�YROWDJH�ZLWK�WKH�$1),6�
UHJXODWRU�DV�D�IXQFWLRQ�RI�D�����9�UHIHUHQFH�YROWDJH��7KLV�
YROWDJH�PXVW�EH�NHSW�FRQVWDQW�DURXQG� LWV� UHIHUHQFH�YDOXH�
ZKDWHYHU�WKH�YDULDWLRQV�DW�WKH�LQSXW�RI�WKH�V\VWHP��$1),6�
UHJXODWRU�KDV�D�YHU\�VKRUW�UHVSRQVH�WLPH��5W��������V�ZLWK�
QR�RYHUVKRRW��'��DQG�D�YHU\�VKRUW�ULVH�WLPH�������������V���
$OVR��IURP�WKH�SRLQW�RI�YLHZ�RI�SUHFLVLRQ�DQG�VWDELOLW\��WKH�
$1),6�LV�LQ�IURQW��7KLV�LV�MXVWLILHG�E\�WKH�SHUIRUPDQFH�DQG�
UREXVWQHVV� RI� $1),6�� 7KH� LQMHFWHG� DFWLYH� DQG� UHDFWLYH�
SRZHU� IURP� WKH� LQYHUWHU� DUH� SUHVHQWHG� LQ� )LJ���� 7KH�
UHDFWLYH� SRZHU� LQMHFWLRQ� LV� ]HUR�� GXH� WR� WKH� XQLW\� SRZHU�
IDFWRU� �83)��FRQGLWLRQ��7KH�SRZHU� LQMHFWHG� LQWR� WKH�JULG�
GHSHQGV� RQ� WKH� LQSXW� SDUDPHWHUV� RI� WKH� 39� V\VWHP��
LUUDGLDWLRQ� DQG� WHPSHUDWXUH�� ,Q� )LJ��� LW� FDQ� EH� VHHQ� WKDW�
FXUUHQW�DQG�YROWDJH�RI� WKH�/9*�DUH� LQ�SKDVH�� �7KH�SHDN�
YDOXH�RI�WKH�LQMHFWHG�FXUUHQW�LQWR�WKH�JULG�LV�DSSUR[LPDWHO\�
���$��7KH�IUHTXHQF\�VSHFWUXP�RI�WKH�/9*�FXUUHQW�DW�SKDVH�
�� XVLQJ� $1),6� LV� VKRZQ� LQ� )LJ���� 6XFK� D� ORZ� 7+'�
���������ZKLFK�FRPSOLHV�ZLWK�WKH�,(((�VWDQGDUGV��7+'�
OHVV�WKDQ������VKRZV�WKDW�WKH�HQHUJ\�LQMHFWHG�LQWR�WKH�JULG�
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LV� RI� JRRG� TXDOLW\�� 7KH� SURSRVHG� FRQWUROOHU� GHVLJQ� FDQ�
RSHUDWH�LQ�83)�PRGH�RU�DFWLYH�SRZHU�LQMHFWLRQ�PRGH��DV�
SUHVHQWHG�LQ�WKHVH�ILJXUHV��,W�YDOLGDWHV�WKH�JULG�UHJXODWLRQ�
FRPSOLDQFH� LQ� FRQQHFWLRQ� DQG� UHDFWLYH� SRZHU� LQMHFWLRQ�
UHTXLUHPHQW��

�
Fig.5. Sun insolation and ambient temperature 

�
Fig.6. DC link voltage with ANFIS regulator 

 
Fig.7. Active and reactive power injected into the LVG 

 
Fig.8. Current and voltage of the LVG 

 
Fig.9. THD of current when using ANFIS for voltage regulation 

�

�

�

7KH�UREXVWQHVV�VWXG\�RI�WKH�$1),6�FRUUHFWRU�LV�SUHVHQWHG�
LQ�7DEOH����

Table 2. Robustness criteria 

&ULWHULD� 5W��V�� '����� 506(�
$1),6� ������ �� �����

�

7KH�UHVXOWV�REWDLQHG�LQ�WKLV�ZRUN�DUH�FRPSDUHG�ZLWK�WKRVH�
SUHVHQWHG� LQ� >��@� ZKLFK� WKH� DXWKRUV� XVHG� DQ� 03,'�
UHJXODWRU�WR�UHJXODWH�WKH�'&�OLQN�YROWDJH��7KH�FRPSDULVRQ�
UHVXOWV�VKRZ�WKDW�WKH�$1),6�UHJXODWRU�SHUIRUPV�EHWWHU�WKDQ�
WKH� 03,'� UHJXODWRU�� 7KH� 7+'� DQG� UHVSRQVH� WLPHV� DUH�
������DQG�������V�DQG�������DQG�����V� UHVSHFWLYHO\�IRU�
$1),6�DQG�03,'��

,9��&21&/86,21�

7KH� $&�VWDJH� WKUHH�SKDVH� JULG�FRQQHFWHG� 39� V\VWHP� LV�
VWXGLHG�WKRURXJKO\�LQ�WKLV�ZRUN��7KH�FRPSOHWH�PRGHOLQJ�LV�
SUHVHQWHG�LQ�VWHSV�IRU�WKH�VZLWFKLQJ�PRGHO�RI�D�VLQJOH�39�
V\VWHP�� 7KH� LQYHUWHU� FRQWUROOHU� LV� GHVLJQHG� XVLQJ� WKH�
$1),6� DQG� 03,'� FRUUHFWRUV�� 7KH� GHVLJQHG� FRQWUROOHU�
LQMHFWV� WKH� EDODQFHG� VLQXVRLGDO� FXUUHQW� LQWR� WKH� JULG�
GXULQJ�/9*��DQG� LW�KDV� VRPH� ULSSOH� OHIW�RYHU�GXH� WR� WKH�
SUHVHQFH� RI� D� VPDOO� ULSSOH�� 7KH� PRVW� LPSRUWDQW�
FRQWULEXWLRQ�RI�WKLV�ZRUN�LV�WKH�GHVLJQLQJ�RI�$1),6�IRU�'&�
OLQN�YROWDJH� UHJXODWLRQ��&XUUHQWV�DUH� LQMHFWHG�ZLWK�D� ORZ�
7+'�RI��������

$&.12:/('*(0(176��

7KH� DXWKRUV� WKDQN� WKH� HIILFLHQF\� DQG� HQHUJ\� V\VWHP�
UHVHDUFK� WHDP� RI� $OLRXQH� 'LRS� 8QLYHUVLW\� RI� %DPEH\�
�6HQHJDO��� DQG� WKH� /DERUDWRU\� RI� :DWHU�� (QHUJ\��
(QYLURQPHQW�DQG�,QGXVWULDO�3URFHVVHV��&KHLNK�$QWD�'LRS�
8QLYHUVLW\�RI�'DNDU��(63��'DNDU��6HQHJDO��

5()(5(1&(6��

>�@� ,��(��$JHQF\��³:RUOG�(QHUJ\�,QYHVWHPHQW�´�������

>�@� (��KDGML�0��1GLD\H��$��1GLD\H��0��)D\H��DQG�6��
*XH\H�� ³,QWHOOLJHQW� &RQWURO� RI� D� 3KRWRYROWDLF�
*HQHUDWRU� IRU�&KDUJLQJ� DQG�'LVFKDUJLQJ�%DWWHU\�
8VLQJ�$GDSWLYH�1HXUR�)X]]\�,QIHUHQFH�6\VWHP�´�
Int. J. Photoenergy��YRO��������������

>�@� 2��%HQ�%HOJKLWK��/��6ELWD��DQG�)��%HWWDKHU��³0337�
'HVLJQ� 8VLQJ� 362� 7HFKQLTXH� IRU� 3KRWRYROWDLF�
6\VWHP�&RQWURO�&RPSDULQJ�WR�)X]]\�/RJLF�DQG�3�
	�2�&RQWUROOHUV�´�Energy Power Eng.��YRO�����SS��
���±�����������

>�@� %��%HQGLE��)��.ULP��+��%HOPLOL��0��)��$OPL��DQG�
6��%RXORXPD��³$GYDQFHG�)X]]\�0337�&RQWUROOHU�
IRU� D� VWDQG�DORQH�39� V\VWHP�´�Energy Procedia��
YRO������SS�����±�����������

>�@� 0��1DELSRXU��0��5D]D]��6��*��+��6HLIRVVDGDW��DQG�
6��6��0RUWD]DYL��³$�QHZ�0337�VFKHPH�EDVHG�RQ�
D�QRYHO�IX]]\�DSSURDFK�´�Renew. Sustain. Energy 
Rev.��YRO������QR��)HEUXDU\��SS������±������������
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