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AEVWUDFW 

,Q WKLV SDSHU� ZH LQWURGXFH RXU UHFHQW UHVXOW RQ GHYHORSLQJ D ORZ FRVW PRQLWRULQJ VWDWLRQ� 7KLV VWDWLRQ LV LQWHQGHG WR 
PRQLWRU XQGHUZDWHU LPDJHV RI VXEVHD FUHDWXUHV ZLUHOHVVO\ IURP D ERDW LQ DGYDQFH EHIRUH DQ H[SORUDWLRQ $89 LV SXW 
LQWR ZDWHU� :H GHVFULEH WKH FRQFHSW� WKH GHVLJQ DQG V\VWHP LQWHJUDWLRQ RI WKH VWDWLRQ LQ WKH SDSHU� :H DOVR SUHVHQW DQ 
H[SHULPHQWDO UHVXOW WKDW ZDV FDUULHG RXW WR WHVW WKH LPSOHPHQWHG IXQFWLRQV DW 6XUXJD ED\ DW ��P ZDWHU GHSWK� 

Keywords� 6XEVHD FUHDWXUH PRQLWRULQJ� ,QGHSHQGHQW GHYLFH� 5HDO WLPH PRQLWRULQJ� $89 DVVLVWDQFH� )LHOG 
H[SHULPHQW� 

��� IQWURGXFWLRQ 

$V WKH JOREDO FOLPDWH FKDQJH LV RQJRLQJ� RFHDQ 
HQYLURQPHQW VHHPV DOVR FKDQJLQJ UDSLGO\� DQG LW LV RIWHQ 
VDLG WKDW WKLV FKDQJH GDPDJHV RFHDQ HFR V\VWHP� ZKLFK 
LPSDFWV YDULHW\ RI FUHDWXUHV� )RU H[DPSOH� FRUDO 
EOHDFKLQJ LV SURJUHVVLQJ ZRUOGZLGH DQG LW EHFRPHV D ELJ 
LVVXH IRU SHRSOH LQ WKRVH DUHD EHFDXVH WKHLU IRRG VXSSO\ 
RU HFRQRPLF DFWLYLW\ OLNH WRXULVP LV EHLQJ GDPDJHG� ,Q 

6XUXJD ED\ LQ 6KL]XRND SUHIHFWXUH� D XQLTXH VKULPS 
FDOOHG ³&KHUU\ VKULPS´ ZDV YHU\ IDPRXV DQG YHU\ 
LPSRUWDQW LQFRPH UHVRXUFH IRU ILVKHUPHQ� +RZHYHU� 
UHFHQWO\ WKH DPRXQW RI WKLV VKULPS FDWFK GHFUHDVHV 
UDSLGO\� ZKRVH FDXVH KDV QRW EHHQ IRXQG FOHDUO\ EHFDXVH 
QR GDWD DFFXPXODWLRQ XQGHUZDWHU KDV EHHQ WULHG�  
&RQVLGHULQJ WKHVH EDFNJURXQG� ZH DUH GHYHORSLQJ D VHW 
RI VHD FUHDWXUH LQYHVWLJDWLRQ V\VWHPV ZKLFK FRQVLVWV RI 
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$89V� D VXSSRUW YHVVHO DQG VXEVHD PRQLWRULQJ VWDWLRQV�� 
,Q WKLV SDSHU� ZH LQWURGXFH RXU UHFHQW UHVXOW RQ 
GHYHORSLQJ D ORZ FRVW PRQLWRULQJ VWDWLRQ� 7KH VLPLODU 
UHDO WLPH PRQLWRULQJ V\VWHP XVLQJ XQGHUZDWHU FDPHUD 
KDV EHHQ GHYHORSHG DQG XVHG HIIHFWLYHO\ E\ ELRORJLVWV� 
IRU H[DPSOH� DV VKRZQ LQ WKH 5HI �� 2XU VWDWLRQ LV FKHDSHU 
DQG LQWHQGHG WR PRQLWRU XQGHUZDWHU LPDJHV RI VXEVHD 
FUHDWXUHV ZLUHOHVVO\ IURP D ERDW LQ DGYDQFH EHIRUH DQ 
H[SORUDWLRQ $89 LV SXW LQWR ZDWHU� $V $89 LPDJHV 
FDQQRW EH FKHFNHG XQWLO LW UHWXUQV� ZH QHHG LQIRUPDWLRQ 
ZKHUH ZH VKRXOG SXW DQ $89� 7KH VWDWLRQ FRQVLVWV RI D 
FDJH RQ WKH VHDEHG� D IORDW ZKLFK UHOD\V XQGHUZDWHU 
LPDJHV WR D VXSSRUW YHVVHO DQG DQ XPELOLFDO FDEOH IURP 
WKH FDJH WR WKH IORDW� :H GHVFULEH WKH FRQFHSW� WKH GHVLJQ 
DQG V\VWHP LQWHJUDWLRQ RI WKH VWDWLRQ LQ WKH SDSHU� :H DOVR 
SUHVHQW DQ H[SHULPHQWDO UHVXOW WKDW ZDV FDUULHG RXW WR WHVW 
WKH LPSOHPHQWHG IXQFWLRQV DW 6XUXJD ED\ DW ��P ZDWHU 
GHSWK�  

2�� TKH V\VWHP FRQFHSW 

:H KDYH FDUULHG RXW PDQ\ VHD H[SHULPHQWV WR WU\ WR FDWFK 
VHD FUHDWXUHV IRU WKH SXUSRVH RI LQYHVWLJDWLRQ RI 
XQGHUZDWHU HQYLURQPHQW XVLQJ WKH $89 ³7XQD 6DQG �´ 
DW 6XUXJD ED\ IRU WKHVH \HDUV���� ³7XQD 6DQG � �76���´ 
FDQ VHQG FRPSUHVVHG VXEVHD SLFWXUHV IURP XQGHUZDWHU WR 
WKH VXUIDFH VXSSRUW YHVVHO WKURXJK XOWUDVRQLF DFRXVWLF 
FRPPXQLFDWLRQ OLQN� +RZHYHU� WKURXJK RXU H[SHULHQFH� 
ZH IRXQG ORZHU FRVW XQGHUZDWHU VXUYH\ V\VWHP LQ 
DGYDQFH RI GLYLQJ 76�� LV HIIHFWLYH� $V WKH ZHLJKW RI 76�
� LV DURXQG ���NJI� VR LWV GHSOR\PHQW IURP RXU VXSSRUW 
YHVVHO RQ WKH VHD LV QRW DQ HDV\ WDVN� ZKHUHDV VRPHWLPHV 
WKH GLYLQJ DUHD IRXQG QRW DEXQGDQW DIWHU 76�� FDPH EDFN� 
,W LV D NLQG RI $89 GUDZEDFN WKDW ZH FDQQRW PRQLWRU LWV 
VXUURXQGLQJ VLWXDWLRQ XQWLO LW FRPHV EDFN DQG ZH WUDQVIHU 
LPDJHV IURP LW� 7R PDNH $89 SHUIRUPDQFH PRUH 
HIILFLHQW� ZH QHHG WR NQRZ XQGHUZDWHU LPDJH LQ DGYDQFH 
ZKHWKHU WKH DUHD LV ZRUWK GLYLQJ ZLWK WKH $89� 
7KH VFKHPDWLF YLHZ RI RXU FRQFHSW LV VKRZQ LQ )LJ��� $V 
VKRZQ LQ )LJ��� WKH GHYLFH FRQVLVWV RI WZR PDLQ SDUWV RI 
D IORDW DQG D VXEVHD FDPHUD PRGXOH� 2Q WKH IORDW� D 
ZLUHOHVV /$1 PRGXOH LV SXW VR WKDW D UHVHDUFKHU RQ WKH 
VXSSRUW YHVVHO FDQ PRQLWRU WKH UHDO WLPH VXEVHD LPDJHV� 
:H GHFLGHG WR SXW D FDJH RQ WKH VHDEHG WR FROOHFW VHD 
FUHDWXUHV XVLQJ EDLW� 7KLV FDJH LV DOVR DQ DQFKRU ZHLJKW 
DQG D VWUXFWXUH ZKHUH FDPHUDV DQG OLJKWV DUH DWWDFKHG� 
7KH FDPHUDV DUH ZLUHG WR WKH IORDW VR WKH ZLUH PXVW EH 
VWURQJ HQRXJK WR EHDU LWV WHQVLRQ DV ZHOO DV FRQQHFWRUV  

 

 

PXVW EH EHDUDEOH WR WKH WHQVLRQ E\ WKH ZLUH� 7KH 
PHFKDQLFDO GHVLJQ ZKLFK LV DSSOLFDEOH WR VHD H[SHULPHQWV 
LV YHU\ LPSRUWDQW FRQVLGHULQJ LWV KDQGOLQJ VXFK DV 
WKURZLQJ RU FROOHFWLQJ RQ WKH UROOLQJ YHVVHO DV ZHOO DV 
RFHDQ FXUUHQW ZKLFK GUDJV WKH FDEOH� 

��� TKH V\VWHP DUFKLWHFWXUH 

7KH V\VWHP DUFKLWHFWXUH LV VKRZQ LQ )LJ��� $V WKH VL]H RI 
WKH SUHVVXUH KXOO LV OLPLWHG� ZH GHVLJQHG WKH EDWWHU\ LV 
DUUDQJHG RQ WKH IORDW� 7KH OHQJWK RI WKH SRZHU DQG VLJQDO 

 

)LJ��� 6FKHPDWLF YLHZ RI WKH PRQLWRULQJ V\VWHP FRQFHSW� 

 

)LJ��� 6\VWHP DUFKLWHFWXUH DQG GHYLFHV� 
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FDEOH LV DURXQG ���P DQG LWV UHVLVWDQFH EHFRPHV DURXQG 
�ȍ� 7KH PD[LPXP FXUUHQW LV PRUH WKDQ �$ RQO\ ZKHQ 
WKH ERDUG FRPSXWHU VWDUWV EXW DIWHU WKDW WKH FXUUHQW 
EHFRPHV OHVV WKDQ �$� &RQVLGHULQJ WKH YROWDJH GURS DW 
WKH HQG RI WKH FDEOH DQG FXUUHQW IOXFWXDWLRQ� WKH '&�'& 
ZDV VHOHFWHG WR DOORZ ZLGH UDQJH LQSXW YROWDJH� 
)RXU FDPHUDV ZHUH LQVWDOOHG� 2QH FDPHUD LV IDFLQJ WR WKH 
VHD ERWWRP DQG WKH RWKHUV DUH IDFLQJ KRUL]RQWDOO\ DW HDFK 
YHUWH[ RI HTXLODWHUDO WULDQJOH DV VKRZQ LQ )LJ�� DQG )LJ��� 
(DFK FDPHUD LPDJH FDQ EH PRQLWRUHG WKURXJK /$1 
VLJQDO IURP WKH ERDUG FRPSXWHU WKURXJK 3/& PRGXOHV� 
/(' PRGXOH LV VKRZQ LQ )LJ��� /(' PRGXOH LV DUUDQJHG 
QHDU HDFK FDPHUD UHVSHFWLYHO\� ,W FDQ EH WXUQHG RQ�RII 
IURP WKH 3& RQ ERDUG� 

��� SHD H[SHULPHQW 

6HD H[SHULPHQW ZDV FDUULHG RXW RQ ��WK 'HFHPEHU ����� 
7KH H[SHULPHQWDO VLWH LV VKRZQ LQ )LJ��� 7RNDL 8QLY�¶V 
UHVHDUFK YHVVHO ³+RNXWR´ LV GHSOR\HG IRU WKLV H[SHULPHQW� 
)LJ�� VKRZV WKH FDJH� WKH FDEOH DQG WKH IORDW� 7KH FDJH LV 
VXVSHQGHG IURP WKH YHVVHO XVLQJ D URSH WR VXSSRUW WHQVLRQ� 
:KLOH WKH FDJH LV GHVFHQGLQJ� ZH SD\ RXW WKH FDEOH ZLWK 
KDQGOLQJ QRW WR H[HUW WHQVLRQ WR WKH FDEOH� 7KH IORDW LV 
UHOHDVHG ILQDOO\ IURP WKH YHVVHO� WKHQ WKH YHVVHO FDQ EH 
DZD\ IURP WKH PRQLWRULQJ GHYLFH ZLWK QR IHDU RI ZLQGLQJ 
WKH FDEOH RU ZLUH LQWR LWV WKUXVWHU� ZKLFK PDNHV WKH 
RSHUDWLRQ VDIHU� 
)LJ�� VKRZV WKH VWUXFWXUH RI WKH FDJH� 7KH FDJH KDV 
RSHQLQJ WR OXUH FUHDWXUHV� 7KH EDLW LV SXW RQ LWV ORZHU IORRU 
DQG WKH FDJH KDV D VWUXFWXUH WKDW RQFH D FUHDWXUH LV FRPLQJ 
LQWR WKH EDLW IORRU LW LV QRW HDV\ IRU WKH FUHDWXUH WR JR EDFN 
WR LWV HQWUDQFH� 
)LJ�� VKRZV /(' LQ WKH SUHVVXUH KXOO DWWDFKHG WR WKH FDJH� 
7KLV SLFWXUH ZDV WDNHQ E\ DQ DFWLRQ FDPHUD ZKLFK LV VHW 
LQVLGH WKH FDJH�  
)LJ�� VKRZV WKH FDSWXUHG LPDJHV RI IRXU FDPHUDV¶ YLGHR 
DIWHU WKH FDJH ZDV UHDFKHG RQ WKH VHDIORRU� :H FRQILUPHG 
VRPH SODQNWRQV OLNH NULOO QHDU WKH VHDEHG UHDO WLPH RQ 
ERDUG DV VKRZQ LQ )LJ��� 

��� SXPPDU\ 

:H GHVLJQHG DQG GHYHORSHG D ORZ FRVW PRQLWRULQJ VWDWLRQ 
DV D SURWRW\SH� :H VXFFHHGHG WR PRQLWRU UHDO WLPH 
XQGHUZDWHU LPDJH RQ ERDUG� ,Q WKLV H[SHULPHQW� ZH IRXQG 
WKH GUDJ IRUFH RI WKH FDEOH LV YHU\ VWURQJ DV LV FRQVLGHUHG 
EHIRUH WKH H[SHULPHQW� 7KH FDEOH OHQJWK ZDV IL[HG DV  

 

 

 

 

 

 

 

 

 

)LJ��� +RUL]RQWDO FDPHUD 

 

)LJ��� +RUL]RQWDO FDPHUD 

 

)LJ��� 6LWH RI VHD H[SHULPHQW 
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DURXQG ���P DQG FRQVLGHULQJ LWV FXUYHG VKDSH� WKH ZDWHU 
GHSWK ��P ZDV VHOHFWHG� :H QHHG WR LPSURYH WR EH DEOH 
WR FKDQJH WKH FDEOH OHQJWK DFFRUGLQJ WR WKH ZDWHU GHSWK� 
7KLV WLPH WKH FDEOH ZDV SXOOHG RXW GXH WR VWURQJ FXUUHQW� 

6R WKH H[SHULPHQW WLPH ZDV QRW HQRXJK WR FDWFK FUHDWXUHV� 
,Q RXU QH[W ZRUN ZLOO EH WKH IORDW VKRXOG EH PRGLILHG WR 
DQ DXWRQRPRXV VXUIDFH YHKLFOH DQG WKH FDJH VKRXOG EH 
PRGLILHG WR D VXEVHD FUDZOHU� ZKLFK HQDEOHV ORQJHU 
LQYHVWLJDWLRQ DQG PRQLWRULQJ DW GHHSHU VLWH�  

AFNQRZOHGJHPHQWV 

7KH DXWKRUV GHHSO\ JUDWHIXO WR &DSWDLQ ,�+DVKLJD\D DQG 
&KLHI HQJLQHHU +� 6DNDWD RI 7RNDL 8QLY¶V UHVHDUFK YHVVHO 
+2.872 DV ZHOO DV WKRVH VWXGHQWV RI RXU ODERUDWRU\ 
ZKR KHOSHG WKH H[SHULPHQW� .� .LWD]DZD� '� +LUDPDNL� 
3DUW RI WKLV ZRUN ZDV VXSSRUWHG E\ -636 .$.(1+, 
*UDQW 1XPEHU ��.������ 
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)LJ��� 7KH FDEOH� FDJH DQG IORDW� 

)LJ��� %RWWRP FDPHUD 

 

)LJ�� 7KH FDJH LQFOXGHV EDLW� 

)LJ��� %RWWRP FDPHUD 

178


