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7KH LQVWDOODWLRQ KDV EHHQ GHVLJQHG IRU SURFHVVLQJ RI

DUWLFOHV DQG PDWHULDOV ZLWK WKH HOHFWURQ EHDP� 7KH EHDP

LV JHQHUDWHG E\ WKH VHDOHG�RII HOHFWURQ JXQ RI XQLTXH

GHVLJQ DQG LV H[WUDFWHG WR WKH LUUDGLDWLRQ DUHD WKURXJK

WKLQ 7L IRLO ZLWK ��×�� FP
�
DUHD� 7KH HOHFWURQ HQHUJ\ LV

XS WR ��� NH9� SXOVH EHDP FXUUHQW � � $� 7KH SURFHVVLQJ

LV SHUIRUPHG LQ QLWURJHQ� 0D[LPXP SXOVH GRVH UDWH LV

�×��� N*\�VHF� 7KH LQVWDOODWLRQ KDV FRPSDFW KLJK�

YROWDJH SRZHU VXSSO\� VHOI�FRQWDLQHG ZDWHU FRROLQJ� DQG

KDQG\ FRQWURO ZLWK WKH EHDP SDUDPHWHUV UHJXODWLRQ

ZLWKLQ EURDG UDQJHV� $OO WKH LQVWDOODWLRQ H[FHSW WKH

FRPSXWHU LV SDFNDJHG LQ RQH FDVH ZLWK �×���×��� P
�

GLPHQVLRQV� 7KH LQVWDOODWLRQ KDV LWV RZQ UDGLDWLRQ

VKLHOGLQJ DQG LV VDIH WR XVH� WKH UDGLDWLRQ GRVH DW DQ\

SODFH RXWVLGH WKH FDVH LV QHDU WKH EDFNJURXQG UDGLDWLRQ

OHYHO�

� ,1752'8&7,21

7KH LQVWDOODWLRQ KDV EHHQ GHVLJQHG IRU SURFHVVLQJ RI WKH

DUWLFOHV DQG PDWHULDOV ZLWK HOHFWURQ EHDPV� 7KH

LQVWDOODWLRQV RI WKLV W\SH FDQ ZLGHO\ EH XVHG LQ UHVHDUFK

RUJDQLVDWLRQV IRU WKH LQYHVWLJDWLRQ RI WKH LQIOXHQFH RI WKH

UDGLDWLRQ RQ WKH PDWHULDOV� LQ FOLQLFV IRU VXUIDFH UDGLDWLQJ

VWHULOLVDWLRQ� DQG DOVR IRU RWKHU SXUSRVHV�

8VXDOO\� WKH LQVWDOODWLRQV IRU UDGLDWLRQ WHFKQRORJ\ LV

EDVHG RQ HOHFWURQ DFFHOHUDWRUV� ZKLFK ZRUN LQ D

FRQWLQXRXV FXUUHQW PRGH DQG DUH VXSSOLHG ZLWK GHYLFHV RI

OLQHDU VFDQQLQJ RI WKH EHDP� :H KDYH WKH WDVN WR GHVLJQ

WKH VPDOO� FRQYHQLHQW DFFHOHUDWRU ZRUNLQJ LQ SXOVH PRGH�

7KH SRVHG WDVN KDV UHTXLUHG DSSOLFDWLRQ RI WKH QHZ

DSSURDFKHV DQG RULJLQDO VFLHQWLILF DQG WHFKQLFDO

VROXWLRQV� 7KH HOHFWURQ EHDP LV JHQHUDWHG E\ WKH VHDOHG

RII HOHFWURQ JXQ� ZKLFK LV VXSSOLHG E\ WKH KLJK�YROWDJH

SXOVH WUDQVIRUPHU� DQG WKH\ ERWK SUHVHQWV MRLQHG FRPSDFW

GHYLFH� 7KH EHDP LV GLVWULEXWHG RQ DOO DUHD RI H[SRVXUH

DQG KDV D WLPH VWUXFWXUH RI VKRUW LQWHQVLYH SXOVHV� 7KH

LQVWDOODWLRQ KDV D UHOLDEOH ORFDO UDGLDWLQJ VKLHOGLQJ� LW LV

FRPSOHWHO\ HFRORJLFDOO\ SXUH DQG FDQ EH PDLQWDLQHG LQ

DQ\ ORFDWLRQ� *HQHUDO SDUDPHWHUV DUH VKRZQ LQ 7DEOH ��

BBBBBBBBBBBBBBBBBBB
�
:RUN VXSSRUWHG LQ SDUWV E\ WKH 057, 5$6� %LR6WHULOH 7HFKQRORJ\�

7XNVRQ ,QF� 0RVFRZ

(�0DLO�PDPDHYBJ#PDLO�VLWHN�UX

7DEOH �: *HQHUDO SDUDPHWHUV RI WKH LQVWDOODWLRQ

(OHFWURQ HQHUJ\ �FRQWUROOHG� ���÷��� NH9

0D[� SXOVH SRZHU RI H[WUDFWHG EHDP ��� N:

,UUDGLDWLRQ DUHD ���×��� PP

0D[� GRVH UDWH RI HOHFWURQ EHDP �� N*\�VHF

0D[� SXOVH GRVH UDWH RI HOHFWURQ EHDP �×��� N*\�VHF
0D[� UDGLDWLRQ GRVH RXWVLGH WKH FDVH ��� P*\�KRXU

0D[� SRZHU FRQVXPHG � N:

2YHUDOO GLPHQVLRQV �Z�R FRPSXWHU� �×���×��� P

2YHUDOO ZHLJKW ��� NJ

)LJXUH �� 7KH GHVLJQ RI LQVWDOODWLRQ�
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7KH GHVLJQ RI WKH LQVWDOODWLRQ LV VKRZQ LQ )LJ� �� DQG RQ

WKH SKRWRV � LQ )LJ� ���� 7KH PDLQ LWHPV RI WKH

HTXLSPHQW� VKRZQ LQ )LJ� �� GHVLJQDWHG E\ QXPEHUV IURP

� WR �� ,WHP � � FDVH IRU HTXLSPHQW VLWLQJ�

��� (OHFWURQ JXQ

6HDOHG RII HOHFWURQLF JXQ ZLWK KHDWHG FDWKRGH �LWHP ��

)LJ� �� UHDOLVHV JHQHUDWLRQ DQG H[WUDFWLRQ RI WKH ZLGH

HOHFWURQ EHDPV WR WKH DWPRVSKHUH� 7KH GHVLJQHG JXQ LV

FRPSDFW DQG ORQJ�OLYHG WXEH� GRHV QRW UHTXLUH D V\VWHP RI

D YDFXXP HYDFXDWLRQ� KDV VPDOO WLPH RI SUHSDUDWLRQ WR

PDLQWHQDQFH� HQVXUHV LQWHUFKDQJHDELOLW\ DQG JRRG

UHSURGXFLQJ RI WKH SHUIRUPDQFHV� 7KLV JXQ KDV D PRGXODU

FRQVWUXFWLRQ� ZKLFK DOORZV UHFHLYLQJ D ODUJH DUHD RI

H[SRVXUH E\ DUUDQJHPHQW RI QHFHVVDU\ QXPEHU RI JXQV

ORFDWHG FORVHO\ RQH WR RWKHU�

 ��� +LJK�YROWDJH WUDQVIRUPHU

7KH GHYHORSHG FRQVWUXFWLRQ RI WKH VWHS�XS WUDQVIRUPHU

�LWHP �� )LJ� �� DQG LWV FRQQHFWLRQ ZLWK D JXQ DOORZHG WR

UHDFK WKH PDLQ SXUSRVH � FUHDWLRQ RI D VPDOO�VL]HG

FRQVWUXFWLRQ ZLWK D JRRG UHOLDELOLW\ RI ZRUNLQJ RQ KLJK

YROWDJHV� %DVLF HQJLQHHULQJ VROXWLRQV � PRGXODU

FRQVWUXFWLRQ RI WKH WUDQVIRUPHU� KLJK IDFWRU RI

WUDQVIRUPDWLRQ WR UHGXFH SULPDU\ YROWDJH� GLUHFW �ZLWKRXW

D FDEOH� MXQFWLRQ ZLWK D JXQ�

)LJXUH �� 7KH LQVWDOODWLRQ IRU UDGLDWLRQ SURFHVVLQJ�

7KH WUDQVIRUPHU FRQWDLQV �� LGHQWLFDO PRGXOHV� ZKLFK

DUH FRQQHFWHG LQ VHULHV� (DFK PRGXOH FRQWDLQV ULQJ

VKDSHG IHUURPDJQHWLF FRUH� LQVXODWLQJ ULQJV PRXQWHG RQ

WKH FRUH� VHFRQGDU\ ZLQGLQJ ZRXQG RQ WKH LQVXODWLQJ

ULQJV� LQVXODWLQJ VHSDUDWRUV EHWZHHQ WKH PRGXOHV�

7KH IHUURPDJQHWLF FRUHV DUH ZRXQG IURP D WKLQ WDSH

�DPRUSKRXV DOOR\�� ,QVXODWLRQ DSSUR[LPDWHO\ RI �

PLFURQV WKLFNQHVV LV DSSOLHG EHWZHHQ WKH OD\HUV RI WKLV

WDSH� $ WKLFNQHVV RI WKH DPRUSKRXV WDSH � �� PLFURQV�

LQGXFWLRQ RI VDWXUDWLRQ � ��� 7� %U
�%

V
IDFWRU � ����

(DFK PRGXOH FRQWDLQV WZR LGHQWLFDO VHFRQGDU\

ZLQGLQJV WKDW DUH QHFHVVDU\ IRU WUDQVPLWWLQJ HOHFWURQ JXQ

FDWKRGH ILODPHQW FXUUHQW� 7KH WUDQVIRUPHU KDV WKH

IROORZLQJ SDUDPHWHUV�

7UDQVIRUPHU YROWDJH UDWLR ��

0D[LPXP WHVW RXWSXW YROWDJH ��� N9

,QSXW YROWDJH �÷� N9

2XWVLGH FRUH GLDPHWHU ��� PP

0D[LPXP PDJQHWLF ILHOG ��� 7

7KH WDQN OHQJWK ��� PP

7KH WDQN GLDPHWHU ��� PP

Figure 3: The installation without RI D UDGLDWLRQ

VKLHOGLQJ�

��� 3XOVH PRGXODWRU

7KH PRGXODWRU �LWHP �� )LJ� �� JHQHUDWHV KLJK�YROWDJH

LPSXOVHV ZKLFK VXSSOLHV WKH LQSXW RI WKH VWHS�XS

WUDQVIRUPHU� 7KH EDVLF SUREOHPV RI WKH GHYHORSPHQW RI

WKH PRGXODWRU FRQVLVW LQ DFKLHYLQJ RI WKH VPDOO

GLPHQVLRQV� ZLGH FRQWURO EDQGV RI RXWSXW YROWDJH DQG

SXOVH UHSHWLWLRQ UDWH� JRRG UHOLDELOLW\ RI ZRUN� 7KH

PRGXODWRU FRQWDLQV WKH IROORZLQJ PDLQ FRPSRQHQWV�
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KLJK�YROWDJH SRZHU XQLW� FKDUJLQJ FLUFXLW� SXOVH

IRUPDWLRQ FLUFXLW� WK\UDWURQ VZLWFK� PHDVXULQJ YROWDJH

GLYLGHUV�

7KH KLJK�YROWDJH SRZHU XQLW FRQVLVWV RI ��SKDVH

UHFWLILHU� ILOWHU� KLJK�IUHTXHQF\ JHQHUDWRU ��� N+]�� VWHS�

XS WUDQVIRUPHU� DQG KLJK�YROWDJH UHFWLILHU� 7KH XQLW

FRQWDLQV LWV RZQ FRQWURO V\VWHP IRU SURWHFWLRQ IURP

RYHUORDG DQG KLJK�YROWDJH EUHDNGRZQV� ,WV KDV WZR

IHHGEDFN FLUFXLWV� SURSRUWLRQDO ORDG FXUUHQW DQG VHFRQG ±

SURSRUWLRQDO RXWSXW YROWDJH� 7KHVH IHHGEDFN FLUFXLWV

DOORZ KDYLQJ ZLGH FRQWURO RI WKH SRZHU XQLW ZLWK

SURSHUO\ OLPLWDWLRQ RI WKH FKDUJH FXUUHQW� 7KLV WHFKQLFDO

VROXWLRQ H[FOXGHV WKH OLPLWDWLRQ UHVLVWRUV� FKRNHV HWF�

7KH FKDUJLQJ FLUFXLW LV EDVHG RQ WKH KLJK�YROWDJH

WK\ULVWRU SROH� 7KH SXOVH IRUPLQJ FLUFXLW FRQWDLQV D VHW RI

FDSDFLWRUV DQG LQGXFWDQFH�

7KH WK\UDWURQ VZLWFK LV DVVHPEOHG XVLQJ 7*3���������

WK\UDWURQ WKDW KDV WKH IROORZLQJ EDVLF SDUDPHWHUV�

PD[LPXP ZRUN FXUUHQW RI ���� $ DQG PD[LPXP YROWDJH

�� N9� /DUJH UHVHUYH LQ WKH YROWDJH SURYLGHV WKH ORQJ

RSHUDWLQJ OLIH RI WKH WK\UDWURQ� ZKLFK XVXDOO\ GHWHUPLQHV

WKH WURXEOH�IUHH WLPH RI WKH PRGXODWRU�

7KH PRGXODWRU LV EXLOW DV D VLQJOH GHYLFH HQFORVHG LQ D

FDVLQJ WKDW VHUYHV DV DQ HOHFWURPDJQHWLF VKLHOG GHVLJQHG

WR UHGXFH WKH SXOVH LQWHUIHUHQFH GLUHFWHG IURP WKH

SRZHUIXO PRGXODWRU FLUFXLWV WR RWKHU LQVWDOODWLRQ

HTXLSPHQW� 7KH PRGXODWRU SDUDPHWHUV�

3XOVH YROWDJH RXWSXW �FRQWUROOHG

ZLWK DFFXUDF\ EHWWHU WKHQ ��� � WR � N9

3XOVH GXUDWLRQ � �VHF

3XOVH UHSHWLWLRQ UDWH �FRQWUROOHG� � WR ��� SSV

&DSDFLWDQFH RI SXOVH IRUPLQJ FLUFXLW ��� P)

2YHUDOO GLPHQVLRQV RI WKH PRGXODWRU ����×���×���� P

 ��� 5DGLDWLRQ VKLHOGLQJ

7KH EDVLF UHTXLUHPHQW WR D FRQVWUXFWLRQ RI D UDGLDWLRQ

VKLHOGLQJ LV WKH GHFUHDVLQJ RI WKH GRVH DW DQ\ SODFH QHDU

FDELQHW WR D EDFNJURXQG OHYHO ���� PN*�K�� 7KH UDGLDWLRQ

VKLHOGLQJ FRQVLVWV RI WZR VKHOOV� 7KH ILUVW �LQWHUQDO� VKHOO

FRYHUV WKH HOHFWURQ JXQ DQG LUUDGLDWLRQ ]RQH� ,W FRQVLVWV

RI WKH VHW RI OHDG VKHHWV � PP WKLFN ZLWK LQWULFDWH VKDSH�

7KH VHFRQG �H[WHUQDO� VKHOO FRYHUV WKH HOHFWURQ JXQ� WKH

LUUDGLDWLRQ ]RQH� DQG WKH KLJK�YROWDJH WUDQVIRUPHU� 7KH

VKLHOGLQJ DOORZV WR GHFUHDVH UDGLDWLRQ LQ ��
�
WLPHV�

7KH H[SRVXUH RI WKH VDPSOHV LV SURGXFHG LQ WKH

SUHVVXUH WLJKW FDPHUD �LWHP �� )LJ� ��� ILOOHG ZLWK

QLWURJHQ� WKDW HOLPLQDWHV WKH R]RQH IRUPDWLRQ DQG

LQIOXHQFH RI DLU R[\JHQ RQ UDGLDWLRQ SURFHVVLQJ� 7KH

VKHOO RI WKH FKDPEHU FRQVLVWV RI D FDUULDJH PDGH RI � PP

WKLFN VWDLQOHVV VWHHO� 3ODWHV RI � PP WKLFN OHDG DUH IL[HG

WR WKH VLGHV RI WKH FDUULDJH� $IWHU LQVWDOOLQJ RI WKH

FDUULDJH� SODWHV ZHUH EHQW WR WKH OHDG VKHHW RI WKH EDVH�

SURYLGLQJ D OHHN�IUHH MRLQW� 6PDOO FRQFHQWUDWLRQ RI

R[\JHQ LQ WKH FKDPEHU ZDV DFKLHYHG � QR PRUH WKDQ ��

SURPLOOH�

 ��� &RQWURO V\VWHP

7KH FRQWURO RI WKH LQVWDOODWLRQ LV FDUULHG RXW E\ PHDQV RI

FRPSXWHU DQG LV DXWRPDWHG FRPSOHWHO\� WKHUHIRUH

PDLQWHQDQFH RI LQVWDOODWLRQ FDQ EH FDUULHG RXW E\ QRW

VSHFLDO SHUVRQDO� 7KH FRPSXWHU UHDOLVHV VHTXHQWLDO

VZLWFKLQJ RQ RI GHYLFHV RI LQVWDOODWLRQ� PRQLWRULQJ RI

SDUDPHWHUV� LQFOXVLRQ RI QHFHVVDU\ UHJLPH DQG

SDUDPHWHUV RI DQ H[SRVXUH� 7KH LQVWDOODWLRQ FDQ EH

RSHUDWHG LQ WKUHH PRGHV� VLQJOH SXOVH� FRQWLQXRXV� DQG

VHULDO �VHULHV RI SXOVHV ZLWK SDXVHV�� 7KH HOHFWURQ HQHUJ\�

SXOVH UHSHWLWLRQ UDWH� GXUDWLRQ RI LUUDGLDWLRQ� DQG WKH

SDXVH LQWHUYDOV PD\ EH VHW ZLWKLQ EURDG UDQJHV� 7KH

UDGLDWLQJ GR]H RQ D VXUIDFH RI DQ LUUDGLDWHG VDPSOH LV

FDOFXODWHG DQG VKRZQ RQ WKH GLVSOD\� 7KH GR]H PD\ EH

GHWHUPLQHG E\ RSHUDWRU� LQ WKLV FDVH WKH QHFHVVDU\ WLPH RI

DQ H[SRVXUH LV FDOFXODWHG DQG LQVWDOOHG E\ WKH FRPSXWHU�

7KH UHOLDELOLW\ RI VDIH ZRUN ZLWK LQVWDOODWLRQ LV HQVXUHG

DOVR ZLWK V\VWHP RI LQWHUORFNLQJ� LQ ZKLFK WKHUH DUH

VRIWZDUH DQG KDUGZDUH LQWHUORFNLQJ� )RU H[DPSOH� WKH

HOHFWURQ EHDP FDQQRW EH VZLWFKHG RQ� LI WKH FDUULDJH

UHPRYHG RU SRRUO\ HQWHUHG� DQG WKH FDUULDJH FDQQRW EH

UHPRYHG� ZKHQ WKH HOHFWURQ EHDP LV JHQHUDWHG�

� &21&/86,21

6XFK LQVWDOODWLRQ LV ZRUNLQJ LQ RQH RI FRUSRUDWLRQV RI

86$ IRU PRUH WKDQ \HDU� 7KH LQVWDOODWLRQ KDV VKRZQ

UHOLDEOH ZRUN IXOO HFRORJLFDO VDIHW\�
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