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,FH�WKHUPDO�VWRUDJH�V\VWHPV�DUH�EHLQJ�GHYHORSHG�DQG�PDUNHWHG�DV�RQH�RI�WKH�PHDQV�RI�HOHFWULF�ORDG�OHYHOOLQJ ��&RQYHQWLRQDO�LFH�WKHUPDO�VWRUDJH�V\VWHPV�DUH�RI�VWDWLF�W\SH��7KHVH�V\VWHPV�DUH�UHSRUWHG�WR�KDYH�EDG�UHVSRQVHV�WR�KHDW�ORDG�DQG�UHTXLUH�ODUJH�SLSHV WR�GHOLYHU�FROG�KHDW��7KLV�PDNHV�LQLWLDO�LQYHVWPHQW�DQG�UXQQLQJ�FRVWV�KLJK��'\QDPLF�LFH�V\VWHPV�KDYH�EHHQ�GHYHORSHG�WR�RIIVHW�VRPH�RI�WKH�GLVDGYDQWDJHV�RI�WKH�FRQYHQWLRQDO�VWDWLF�V\VWHPV��'\QDPLF�LFH�LV�PDLQO\�SURGXFHG�E\�XVLQJ�EULQH�VROXWLRQV��7KHVH�VROXWLRQV�QRW�RQO\�ORZHU�WKH�VROLGLILFDWLRQ�WHPSHUDWXUHV���WKXV�ORZHULQJ�&23V�EXW PRVW�RI�WKHP�DUH�QRW�IULHQGO\ WR�WKH�HQYLURQPHQW�
:H�KDYH�GHYHORSHG�D�KLJKO\�HIILFLHQW�VOXUU\�LFH�JHQHUDWLRQ�DQG�WUDQVSRUWDWLRQ�V\VWHP�XVLQJ�ERWK�HQYLURQPHQWDOO\�IULHQGO\�DPPRQLD�DV�WKH�UHIULJHUDQW�DQG�ZDWHU�DV�WKH�FRRODQW��:DWHU�LV�VXSHU�FRROHG�WR�±����& EHIRUH�LW�LV�GHOLYHUHG�WR�D�VXSHU�FRRO�UHOHDVHU�ZKHUH�VOXUU\�LFH�LV�SURGXFHG��%\�XVLQJ�ZDWHU��WKH�&23�LV�QRW�RQO\�LPSURYHG�DV�FRPSDUHGZLWK�EULQHV��WKH�DSSOLFDWLRQ�UDQJH�RI�WKH�V\VWHP�ZLGHQV�IURP�DLU�FRQGLWLRQLQJ�WR�FRYHU�RWKHU�DUHDV�VXFK�DV�WKH�IRRG�LQGXVWU\�DQG�PDFKLQHU\����
7KLV�SDSHU�UHSRUWV�RQ�WKH�GHYHORSPHQW�DQG�DSSOLFDWLRQ�RI�D���N:�FRROLQJ�FDSDFLW\�V\VWHP�ZLWK�D�&23�RI�����
.(<:25'6��1DWXUDO�5HIULJHUDQW��6XSHU�FRROLQJ��6OXUU\�LFH��,FH�SDFNLQJ�IDFWRU��,3)�
���,1752'8&7,217KH� XVH� RI� QDWXUDO� UHIULJHUDQWV� KDV� DWWUDFWHG� UHQHZHG�LQWHUHVW�RYHU�WKH�SDVW�GHFDGH�EHFDXVH RI�WKH�QHHG�WR�WXUQ�WR� HQHUJ\� HIILFLHQW� DQG� HQYLURQPHQWDOO\� IULHQGO\�UHIULJHUDQWV��:H�KDYH�FRQGXFWHG�UHVHDUFK�RQ� WKH�XVH�RI�DPPRQLD�LQ�YDULRXV�DSSOLFDWLRQV��2XU�UHFHQW�DSSOLFDWLRQ�ZDV�LQ SURGXFWLRQ�RI�VOXUU\�LFH�IRU�DLU�FRQGLWLRQLQJ�DQG�IRRG�SURFHVVLQJ��:H� GHYHORSHG� D� KLJKO\� HIILFLHQW� VOXUU\� LFH� JHQHUDWLRQ�DQG� WUDQVSRUWDWLRQ� V\VWHP� XVLQJ� ERWK� HQYLURQPHQWDOO\�IULHQGO\� DPPRQLD� DV� WKH� UHIULJHUDQW� DQG� ZDWHU� DV� WKH�FRRODQW�� :DWHU� LV� VXSHU� FRROHG� WR� ±����& EHIRUH� LW� LV�GHOLYHUHG� WR� D� VXSHU� FRRO� UHOHDVHU� ZKHUH� VOXUU\� LFH� LV�

SURGXFHG��%\�XVLQJ�ZDWHU�DV�WKH�FRRODQW��WKH�&23�LV�QRW�RQO\�LPSURYHG�DV�FRPSDUHG ZLWK�EULQHV��WKH�DSSOLFDWLRQ�UDQJH� RI� WKH� V\VWHP� ZLGHQV� IURP� DLU� FRQGLWLRQLQJ� WR�FRYHU�RWKHU DUHDV�VXFK�DV� IRRG�SURFHVVLQJ�ZKHUH�VOXUU\LFH�FDQ�EH�GLUHFWO\�DSSOLHG�
���6<67(0�&21&(37�)LJXUH���VKRZV�WKH�V\VWHP�OD\RXW��7KH�V\VWHP�LV�PDLQO\�FRPSRVHG�RI�D�FRPSUHVVRU��FRQGHQVHU�6XSHU�FRROHU��SUH�KHDWHU��VXSHU�FRRO�UHOHDVHU�DQG�D�VWRUDJH�WDQN��:DWHU LQ�WKH�VWRUDJH�WDQN�LV�NHSW�DW�D�FRQVWDQW�OHYHO�E\� WKH� ZDWHU� VXSSO\� V\VWHP�� :DWHU� IURP� WKH� WDQN� LV�SXPSHG� WKURXJK WKH� SUH� KHDWHU� ZKHUH� LW� LV� SUH� KHDWHG�
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IURP���WR�����&��,W�WKHQ�SDVVHV�WKURXJK D�ILOWHU�ZKHUH�DQ\�LPSXULWLHV�DUH�UHPRYHG�DQG�VXSSOLHG�WR�WKH�VXSHU�FRROHU�ZKHUH� LW� LV� FRROHG� IURP� ����& WR� ±����& EHIRUH� EHLQJ�UHOHDVHG�WR�D�VXSHU�FRRO�UHOHDVHU�ZKHUH�WKH�VXSHU�FRRO�LV�UHOHDVHG�DQG�VOXUU\�LFH����&� LV�SURGXFHG��,Q� WKH� VXSHU� FRROHU� ZDWHU� LV� FRROHG� DV� DPPRQLD�HYDSRUDWHV�� $PPRQLD� LV� WKHQ� VXSSOLHG� WR�D� FRPSUHVVRU�ZKHUH�LW�LV�FRPSUHVVHG�WR�KLJK�WHPSHUDWXUHV�DQG�SUHVVXUH�EHIRUH�EHLQJ�VXSSOLHG�WR�WKH�FRQGHQVHU�ZKHUH�LW�LV�FRROHG��7KH�UHIULJHUDQW�WKHQ�SDVVHV�WKURXJK DQ�HOHFWULF�H[SDQVLRQ�YDOYH� ZKHUH� WKH� WHPSHUDWXUHV� DQG� SUHVVXUH� GURS� WR� WKH�HYDSRUDWLQJ� FRQGLWLRQV�� HYDSRUDWHV� LQ� WKH� VXSHU� FRROHU�DQG�UHWXUQV�WR�WKH�FRPSUHVVRU�WR�FRPSOHWH�WKH�F\FOH��,Q�RUGHU�WR�NHHS�WKH�FRROLQJ�GXW\�FRQVWDQW�WKH�GLVFKDUJH�SUHVVXUH�DQG�HYDSRUDWLQJ WHPSHUDWXUH�DUH�NHSW� FRQVWDQW�E\� FRQWUROOLQJ� WKH� FRQGHQVHU FRROLQJ� ZDWHU� LQOHW�WHPSHUDWXUH�DQG�XVH�RI�WKH�HYDSRUDWLRQ�SUHVVXUH�UHJXODWRU��7KH� VXSHU� FRROHG� ZDWHU� LV� LQ� XQVWDEOH� VWDWH� VXFK� WKDW�VPDOO�GLVWXUEDQFHV ZLWKLQ�WKH�VXSHU�FRROHU�DQG�WKH�SLSLQJ�EHIRUH�WKH�VXSHU�FRRO�UHOHDVHU�ZRXOG�WULJJHU UHOHDVH�RI�WKH�VXSHU�FRROHG�FRQGLWLRQ� LQWR� VOXUU\� LFH� WKHUHE\�FORJJLQJ�WKH�KHDW�H[FKDQJHU�RU�SLSLQJ�7KLV�FRQGLWLRQ�GRHV�QRW�RIWHQ�RFFXU�EXW�LQFDVH�LW�RFFXUV�SDUW� WKH�KRW�JDV� IURP�WKH�FRPSUHVVRU� LV�VXSSOLHG� WR� WKH�VXSHU� FRROHU� �)LJXUH� �� GHIURVW� OLQH�� ZKHUH� WKH�WHPSHUDWXUH� RI� ZDWHU� LV� UDLVHG� DERYH� ��& WR� PHOW� WKH�FORJJHG LFH�� &ORJJLQJ� LV� GHWHFWHG� E\� HLWKHU� LQFUHDVH� LQ�SUHVVXUH�RI���RU�GURS�LQ��WKH�ZDWHU�IORZ�UDWH��,W�WDNHV�OHVV�WKDQ�D�PLQXWH�WR�GHIURVW�DQG�UHWXUQ�WR�QRUPDO�RSHUDWLQJ�FRQGLWLRQV�� 'XULQJ� � LFH� VWRUDJH� PRGH� WKH� V\VWHP� UXQV�XQWLO�WKH�DPRXQW�RI�VOXUU\�LFH�VWRUHG�UHDFKHV�����WKDW�RI�WKH�WRWDO�DPRXQW�RI�ZDWHU��,FH�SDFNLQJ�IDFWRU���,Q�WKLV�SDUWLFXODU V\VWHP��FROG�ZDWHU�RI�����WR���& ZDV�UHTXLUHG�LQ�WKH�SURFHVVLQJ�RI�VKULPS��7KLV�ZDV�VXSSOLHG�IURP�WKH�ERWWRP�RI�WKH�WDQN�����7DEOH� �� VKRZV� WKH� VSHFLILFDWLRQV� RI� WKH� V\VWHP�� $�UHFLSURFDWLQJ�FRPSUHVVRU�RSHUDWHG�DW�D�FRQVWDQW�VSHHG�RI�����USP� ZDV� XVHG�� 7KH� FRQGHQVHU� LV� D� VKHOO� DQG� WXEH�ZKLOH�WKH�VXSHU�FRROHU�DQG�SUH�KHDWHU�DUH�SODWH�W\SH�KHDW�H[FKDQJHUV��$Q�HOHFWULFDO�H[SDQVLRQ�YDOYH�DQG�VROXEOH RLO�

ZHUH�XVHG�WR�UHDOL]H�D�GLUHFW�H[SDQVLRQ�V\VWHP�UHVXOWLQJ�LQ� PLQLPXP� UHIULJHUDQW� FKDUJH� ���NJ�� DQG� DXWRPDWLF�RSHUDWLRQ���
��7(67�5(68/76�$1'�',6&866,216)LJXUH� �� VKRZV� D� W\SLFDO� H[DPSOH� RI� WKH� RSHUDWLQJ�FRQGLWLRQV��7KH�HYDSRUDWLRQ�WHPSHUDWXUH�LV�FRQWUROOHG�DW�DERXW����&��:DWHU�LV�VXSHU�FRROHG�WR�DURXQG������& LQ�D�SODWH� KHDW� H[FKDQJHU�� DQG� WKH� WHPSHUDWXUH� EHIRUH� WKH�VXSHU� FRROHU� LV� PDLQWDLQHG� DW� DURXQG� ����&�� 7KH� JUDSK�VKRZV�GDWD�RI���KRXUV�RI�RSHUDWLRQ DQG�DQ�H[DPSOH�RI�FORJJLQJ� DQG� GHIURVW�� &ORJJLQJ LQ� WKH� VXSHU� FRROHU� RU�SLSLQJ� DIWHU� WKH� VXSHU� FRROHU� LV� GHWHFWHG� E\� ULVH� LQ� WKH�VXSHU�FRROHU�ZDWHU�SUHVVXUH��:KHQ�WKH�SUHVVXUH�UHDFKHV�D�FHUWDLQ�SRLQW�YDOYHV�DUH�DXWRPDWLFDOO\�FKDQJHG�WR�GHIURVW�PRGH��6RPH�RI�WKH�GLVFKDUJH�JDV�IURP�WKH�FRPSUHVVRU�LV�GLUHFWHG� LQWR� WKH� VXSHU� FRROHU�� 7KH� KLJK� WHPSHUDWXUH�GLVFKDUJH� JDV� KHDWV� WKH� ZDWHU� LQ� VXSHU� FRROHU� WKXV�GHIURVWLQJ�WKH�VXSHU�FRROHU�RU�WKH�SLSLQJ�DIWHU�WKH�VXSHU�FRROHU��'XULQJ�WKH�GHIURVW�PRGH��WKH�WHPSHUDWXUH�RI�ZDWHU�DW�WKH�H[LW�RI�WKH�SUH�KHDWHU�LV�DOVR�UDLVHG�WR�HQVXUH�TXLFN�GHIURVW�� 7KH� GHIURVW� SURFHVV� FRPSOHWHV� LQ� OHVV� WKDQ� D�PLQXWH������������,W�FDQ�EH�GHGXFHG�IURP�WKLV�JUDSK�WKDW�WKLV�V\VWHP�FDQ�RIIHU�VOXUU\�LFH�DW�KLJKHU HYDSRUDWLRQ�WHPSHUDWXUHV�WKDQ�RWKHU� FRQYHQWLRQDO� V\VWHPV� DQG� WKDW� WKH� HYDSRUDWLRQWHPSHUDWXUH� LV� FRQVWDQW� WKURXJKRXW� WKH� RSHUDWLRQ� WLPH��7KLV�RIIHUV�D�KLJKHU�DQG�FRQVWDQW�&23�LQ�FRQWUDVW�ZLWK�RWKHU� FRQYHQWLRQDO� V\VWHPV� ZKHUH� WKH� HYDSRUDWLRQ�WHPSHUDWXUH��&23��IDOOV�DV�LFH�IRUPV����������)LJXUHV������DQG���VKRZ�VXSHU�FRROHG�ZDWHU�LPSLQJLQJRQ�WKH�VXSHU�FRRO�UHOHDVHU�DQG�IRUPLQJ�VOXUU\�LFH��VWRUHG�VOXUU\�LFH�DQG�SURFHVVLQJ�RI�VKULPS�$V� VKRZQ� LQ� ILJXUHV� ��� �� DQG� �� VXSHU� FRROHG� ZDWHU�LPSLQJHV�RQ�WKH�VXSHU�FRRO�UHOHDVHU�ORVLQJ�WKH�VXSHU�FRRO�DQG� LQ� WKH� SURFHVV� IRUPLQJ� VOXUU\� LFH�� ,FH� IRUPDWLRQ�FRQWLQXHV�XQWLO�WKH�VWRUHG�,3)�UHDFKHV�DERXW������'XULQJ�WKH�SURFHVVLQJ�RI� VKULPS�FROG�ZDWHU� LV� WDNHQ�RXW�RI� WKH�VWRUDJH�WDQN�DQG�XVHG�GLUHFWO\ LQ�WKH�SURFHVV��7R�NHHS�WKH�ZDWHU�OHYHO�FRQVWDQW�ZDWHU�LV�DGGHG�LQ�WKH�WDQN�IURP�WKH�
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ZDWHU� VXSSO\� V\VWHP�� 7KH� ZDWHU� DGGHG� WR� WKH� WDQN� LV�DERXW� ���&�� WKHUHIRUH�� WKH� WHPSHUDWXUHV� LQ� WKH� VWRUDJH�WDQN�ULVH�DV�SURFHVVLQJ�FRQWLQXHV�������)LJXUH���VKRZV�WKH�KHDW�H[WUDFWLRQ�SURFHVVHV��$V�VKRZQ�LQ�WKH�ILJXUH�WKH�VWRUHG�,3)�LV�DERXW������$V�FROG�ZDWHU�LV�WDNHQ� IURP� WKH� WDQN�� WKH� WHPSHUDWXUHV� LQ� WKH� WDQN� ULVH�IURP�DERXW���WR���&��$OO�WKH�VWRUHG�LFH�ZDV�XVHG�GXULQJ�WKH�SURFHVVLQJ RI�VKULPS��:DWHU� LQ� WKH�VWRUDJH� WDQN�GLG�QRW� ULVH� DERYH� ��& GHVSLWH WKH� IDFW� WKDW� ZDWHU� RI� DERXW����& LV�DGGHG�WR�WKH�WDQN������)LJXUH���VKRZV� WKH� WHPSHUDWXUH�SURILOHV� LQ� WKH�VWRUDJH�WDQN�GXULQJ�KHDW�H[WUDFWLRQ��,W�FDQ�EH�VHHQ�WKDW�WKH�ERWWRP�DQG� PLGGOH�RI� WKH� VWRUDJH� WDQN�DUH� VWLOO�EHORZ���& DQG�VHQVLEOH KHDW� LV� VWLOO� DYDLODEOH� IRU� XVH� DIWHU� VKULPS�SURFHVVLQJ��
���&21&/86,216
:H� KDYH� GHYHORSHG� D� GLUHFW� H[SDQVLRQ� VOXUU\� LFH�JHQHUDWLRQ�V\VWHP�XVLQJ�DPPRQLD��D�QDWXUDO� UHIULJHUDQW�DV�WKH�ZRUNLQJ�IOXLG��7KURXJK�WKH�GHYHORSPHQW�UHVHDUFK�ZH�UHDFKHG�WKH�IROORZLQJ�FRQFOXVLRQV�

�� 6OXUU\� LFH� LV� SURGXFHG� IURP� HQYLURQPHQWDOO\IULHQGO\�ZDWHU��7KHUHIRUH��WKH�ZDVWH�ZDWHU�SURGXFHG�GXULQJ� WKH� SURFHVVLQJ RI� VKULPS� GRHV� QRW� UHTXLUH�VSHFLDO�KDQGOLQJ���WUHDWPHQW��� 6LQFH� WKH� V\VWHP� XVHV� HQYLURQPHQWDOO\ IULHQGO\�ZDWHU�� VOXUU\� LFH� FDQ� EH� GLUHFWO\� XVHG� GXULQJ�SURFHVVLQJ RI�IRRG�VWXIIV����� 8QOLNH� WKH� FRQYHQWLRQDO� EULQHV� ZKLFK� ORZHU� WKH�HYDSRUDWLRQ� WHPSHUDWXUH� �&23�� DV� LFH� JHQHUDWLRQ�SURFHHGV��WKH�HYDSRUDWLRQ�WHPSHUDWXUH�LQ�WKLV�V\VWHP�LV�KLJK�DQG�FRQVWDQW��$�KLJK�V\VWHP�&23�RI�����ZDV�UHDOL]HG���� 8VH� RI� SODWH� KHDW� H[FKDQJHUV�� VROXEOH RLO� DQG� DQ�HOHFWURQLF�H[SDQVLRQ�YDOYH�HQDEOHG GLUHFW�H[SDQVLRQ��RSWLPL]DWLRQ�RI�WKH�UHIULJHUDQW�FKDUJH�DQG�DXWRPDWLF�RSHUDWLRQ�RI�WKH�V\VWHP�
5HIHUHQFHV���� .DPLPXUD� 7�� 6OXUU\� ,FH� VWRUDJH� V\VWHP� IRU� PLON�SURGXFWV�SURFHVVLQJ��(TXLSPHQW�GHVLJQ��9RO����1R���33�����������LQ�-DSDQHVH�

7DEOH���6SHFLILFDWLRQV�RI�WKH�V\VWHP5HIULJHUDQW $PPRQLD&RPSUHVVRU 5HFLSURFDWLQJ�W\SH�1�.�����USP&RQGHQVLQJ�7HPSHUDWXUH ���&(YDSRUDWLQJ�7HPSHUDWXUH ���&6XSHU�KHDW���VXSHU�FRRO ��& ����&5HIULJHUDWLRQ�&DSDFLW\ ��N::DWHU�IORZ�UDWH ��P��K6XSHU�FRROHU�LQOHW�WHPSHUDWXUH ����&6XSHU�FRROHU�RXWOHW�WHPSHUDWXUH �����•&,FH�SDFNLQJ�IDFWRU ���6XSHU�&RROHU�+HDW�H[FKDQJHU 3ODWH�W\SH�6WRUDJH�7DQN ��P�6\VWHP�&23 ���
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)LJXUH���6\VWHP�OD\RXW

)LJXUH���([DPSOH�RI�RSHUDWLQJ�FRQGLWLRQV

mailto:MYK01355@nifty.ne.jp
mailto:MYK01355@nifty.ne.jp


1��0XJDEL��0<.�����#QLIW\�QH�MS ���

)LJXUH���6OXUU\�LFH�IRUPDWLRQ

)LJXUH���6WRUHG�VOXUU\�LFH
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)LJXUH���3URFHVVLQJ�RI�VKULPS

)LJXUH���+HDW�H[WUDFWLRQ�SURFHVV�
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)LJXUH���7HPSHUDWXUH�SURILOHV�LQ�WKH�VWRUDJH�WDQN�GXULQJ�KHDW�H[WUDFWLRQ
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