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AEVWUDFW 

)RU HQKDQFHPHQW RI RFHDQLF HQJLQHHULQJ WHFKQRORJ\ DQG UHVHDUFKHUV� XQGHUZDWHU URERW FRPSHWLWLRQ KDV EHHQ 
KHOG VLQFH ����� 6HYHQWK FRPSHWLWLRQ LQ WKLV \HDU FRQVLVWV $89 OHDJXH WKDW XQLYHUVLW\¶V YHKLFOHV DXWRPDWLFDOO\ 
FUXLVH DW ILHOG DQG MXQLRU OHDJXH WKDW XQGHUZDWHU FUDIW LV PDGH� 7KH SDSHU UHSRUWV FRPSHWLWLRQ UHJXODWLRQV RI $89 
DQG MXQLRU OHDJXH DQG UHVXOWV RI WKH FRPSHWLWLRQ KHOG LQ 2FWREHU ����� 

Keywords� $XWRQRPRXV 8QGHUZDWHU 9HKLFOH� %HQWKRV VDPSOLQJ� VXFWLRQ GHYLFH 

��� IQWURGXFWLRQ 

$XWRQRPRXV XQGHUZDWHU YHKLFOHV �$89V� ZLWKRXW 
XPELOLFDO FDEOH FUXLVH D ZLGH DUHD DQG LV RIWHQ XVHG IRU 
ELR�UHVRXUFH VXUYH\ >���@� ,Q WKH VXUYH\� $89V WDNH 
VHDIORRU LPDJHV IRU PHDVXUHPHQW RI EHQWKRV ELRPDVV DQG 
GLVWULEXWLRQ XVLQJ D PRXQWHG FDPHUD DQG VWUREH� 
+RZHYHU� ELR�UHVRXUFH VXUYH\ E\ $89V LV GLIILFXOW WR 
REWDLQ WKH VDPSOH XVHIXO IRU VFLHQWLVWV� 3UHYLRXV $89V 
FDQ FDSWXUH WKH VSHFLILF EHQWKRV WKDW LWV GHYHORSHU 
GHFLGHG WKH WDUJHW EHIRUH UHVRXUFH VXUYH\� EXW VFLHQWLVWV 
RQ WKH VKLS FDQ¶W FKRVH VDPSOLQJ WDUJHW GXULQJ VXUYH\� 7R 
UHDOL]H DQ HIILFLHQW ELR�UHVRXUFHV VXUYH\ E\ $89V� WKH 
DXWKRUV GHYHORSHG WKH $89 7XQD�6DQG� ZLWK DQ HSRFKDO 
VDPSOLQJ PHWKRG WKDW SUHYLRXV SUREOHP LV VROYHG� DV 
VKRZQ LQ )LJ�� >���@� 7KH $89 VXFFHHGHG WR FDSWXUH D 
VKHOO RQ WKH VHDIORRU RI ��� P GHSWK WKDW WKH RSHUDWRU 
VHOHFWHG DV VDPSOLQJ WDUJHW GXULQJ REVHUYDWLRQ LQ 0DUFK 
���� >�@� EXW WKH $89 ZDV DEOH WR RQO\ VDPSOH RQH WLPH 

EHFDXVH LWV VXFWLRQ GHYLFH PD\ GURS ZLWK VXFWLRQ PRUH 
WKDQ WZLFH� 7KH SDSHU H[SODLQV WKH V\VWHP RI WKH $89 
7XQD�6DQG� DQG QHZ VXFWLRQ GHYLFH GHYHORSHG IRU 
FRQWLQXRXV VDPSOLQJ� UHVXOWV RI H[SHULPHQWV SHUIRUPHG 
ZLWK WKH $89 LQ WKH RFHDQ DUH VKRZQ�  

 
)LJ�� 7KH $89 7XQD�6DQG�  
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2�� TKH KRYHULQJ W\SH A89 TXQD�SDQG2 

2����System 

+RYHULQJ W\SH $89 7XQD�6DQG� FDQ GLYH XS WR ����� 
P GHSWK DQG RSHUDWH IRU XS WR � KRXUV XVLQJ D PRXQWHG 
/L�LRQ EDWWHU\� 7DEOH � VKRZV WKH VSHFLILFDWLRQ RI WKH 
$89 7XQD�6DQG�� 7KH $89 HVWLPDWHV VHOI�SRVLWLRQ 
EDVHG RQ DOWLWXGH DQG JURXQG YHORFLW\ IURP GRSSOHU 
YHORFLW\ ORJ �'9/�� DWWLWXGH DQG KHDGLQJ IURP LQHUWLDO 
QDYLJDWLRQ V\VWHP �,16� DQG GHSWK VHQVRU GDWD� 7KH 
WUDQVSRQGHU LV LQVWDOOHG RQ WKH WRS RI WKH $89� DQG WKH 
RSHUDWRU RQ WKH VXSSRUW VKLS FDQ PHDVXUH WKH JOREDO 
SRVLWLRQ RI WKH $89 XQGHU WKH RFHDQ XVLQJ D SRVLWLRQLQJ 
GHYLFH EDVHG RQ VXSHU VKRUW EDVH OLQH �66%/�� 7KH 
REVWDFOH LV GHWHFWHG E\ VFDQQLQJ VRQDU PRXQWHG RQ WKH 
IURQW RI WKH $89� DQG WKH $89 LQFUHDVHV DOWLWXGH LI WKH 
VRQDU GHWHFWV WKH REVWDFOH ZKLFK � P� $V REVHUYDWLRQ 
GHYLFH� WKH $89 KDV D PDSSLQJ GHYLFH IRU �' 
UHFRQVWUXFWLRQ RI WKH VHDIORRU DQG D FDPHUD IRU EHQWKRV 
VDPSOLQJ�  

2�2��Survey procedure 

7KH $89 7XQD�6DQG� DFWV VHTXHQWLDOO\ EDVHG RQ WKH 
VWDWH IORZ DV VKRZQ LQ )LJ��� $IWHU GHSOR\PHQW LQ WKH 
RFHDQ� WKH $89 ZKLFK KDV WZR EDOODVWV GLYHV E\ LWV 

ZHLJKW WR WKH VHDIORRU �0RGH ��� 'XULQJ WKH GLYH� 
PRXQWHG VHQVRUV DQG SD\ORDGV LV WXUQHG RQ IRU QDYLJDWLRQ 
DQG REVHUYDWLRQ �0RGH ���� 7KH $89 EHFRPHV QHXWUDO 
EXR\DQF\ E\ UHOHDVLQJ D EDOODVW DQG FDPHUD SDUDPHWHUV 
DUH DGMXVWHG ZKLOH WDNLQJ D VHDIORRU LPDJH� ZKHQ LW FORVHV 
WR WKH RFHDQ �0RGH ���� 7KUHH PLQXWHV DIWHU UHDFKLQJ WKH 
VHDIORRU� WKH $89 QDYLJDWHV DW D FRQVWDQW YHORFLW\ DQG 
DOWLWXGH DORQJ SUHVHW ZD\SRLQWV DQG WDNHV LPDJH RI WKH 
VHDIORRU XVLQJ D FDPHUD DQG WZR /(' DUUD\V HYHU\ ILYH 
VHFRQGV �0RGH ���� 7KHQ� WKH EHQWKRV FDQGLGDWH LV 
VHDUFKHG E\ VDOLHQF\ PDS WKDW LV WKH VDPH DV KXPDQ 
DWWHQWLRQ PRGHO IURP WKH VHDIORRU LPDJH HQKDQFHG E\ WKH 
5HWLQH[ PHWKRG� ,I WKH FDQGLGDWH LV GHWHFWHG� UHIHUHQFH 
LPDJH RI WKH FDQGLGDWH LV PDGH IRU WUDFNLQJ� DQG WKH 
FDQGLGDWH DQG LWV VXUURXQGLQJ LPDJHV ZKLFK GDWD VL]H 
UHGXFHG DUH WUDQVPLWWHG WR WKH VXSSRUW VKLS XVLQJ D VSHFLDO 
DFRXVWLF PRGHP� 7KH RSHUDWRU RQ WKH VKLS VHOHFWV 
VDPSOLQJ WDUJHW IURP UHFHLYHG LPDJHV DQG LQVWUXFWV WKH 
LPDJH QXPEHU WR WKH $89 E\ DFRXVWLF PRGHP IRU 
FRPPDQG OLQN� $IWHU UHFHLYHG RSHUDWLRQ LQVWUXFWLRQ� WKH 
$89 UHWXUQV WR WKH SRLQWV ZKHUH WKH LPDJH RI WKH 
LQVWUXFWHG QXPEHU ZDV WDNHQ� 6DPSOLQJ WDUJHW LV VHDUFKHG 
DQG WUDFNHG E\ SDWWHUQ PDUFKLQJ PHWKRG EDVHG RQ WKH 
UHIHUHQFH LPDJH RI WKH FDQGLGDWH� ,I WKH WDUJHW LV IRXQG� 
WKH $89 DSSURDFKHV DQG FDSWXUHV WKH WDUJHW E\ PRXQWHG 
VXFWLRQ GHYLFH� $IWHU WKH VDPSOLQJ VHTXHQFH� WKH $89 
ZDLWV D IHZ PLQXWHV IRU QH[W LQVWUXFWLRQ IURP WKH RSHUDWRU 
ZKLOH NHHSLQJ WKH VDIH DOWLWXGH� 7KHQ� LI WKH LQVWUXFWLRQ LV 
UHFHLYHG� WKH $89 UXQV WKH VDPSOLQJ VHTXHQFH DJDLQ� ,I 
WKHUH LV QR LQVWUXFWLRQ RU WKHUH LV DQ LQVWUXFWLRQ RI PLVVLRQ 
DERUW� WKH $89 EHFRPHV SRVLWLYH EXR\DQF\ E\ UHOHDVLQJ 
D EDOODVW DQG JRHV XS WR WKH VXUIDFH�  

7DEOH � 7KH VSHFLILFDWLRQ RI WKH $89 7XQD�6DQG� 
&DWHJRU\ 9DOXH 
'LPHQVLRQ �/���� P [ �:���� P [ �+���� P 
:HLJKW ��� NJ 
0D[� VSHHG ��� NW ���� P�V� 
0D[� GHSWK ����� P 
'XUDWLRQ ��� K 
$FWXDWRUV +RUL]RQWDO WKUXVWHUV [ �� 

9HUWLFDO WKUXVWHUV [ � 
%DOODVW UHOHDVHU [ � 
7KH DUP ZLWK D VXFWLRQ GHYLFH [ � 

%DWWHU\ /L�,RQ ����� :K 
&RPPXQLFDWLRQV :LUHOHVV /$1� 

$FRXVWLF PRGHP IRU FRPPDQG OLQN 
$FRXVWLF PRGHP IRU LPDJH GDWD 

6HQVRUV ,16� '9/� 'HSWK VHQVRU� 
7UDQVSRQGHU IRU 66%/ SRVLWLRQLQJ 

3D\ORDGV /(' DUUD\ [ � 
/(' VWUREH [ � 
6FDQQLQJ VRQDU [ � 
�' PDSSLQJ GHYLFH [ � 
&DPHUD IRU EHQWKRV VDPSOLQJ [ � 

 

 
)LJ�� 6XUYH\ SURFHGXUH EDVHG RQ WKH VWDWH IORZ 
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2����Suction device 

3UHYLRXV VXFWLRQ GHYLFH FRQVLVWV RI D WXEH ZLWK FKHFN 
YDOXHV DQG D WKUXVWHU� DQG LW PD\ GURS FDSWXUHG EHQWKRV 
ZLWK VXFWLRQ PRUH WKDQ WZLFH EHFDXVH WKHUH LV QR FDQLVWHU� 
7R VROYH WKH SUREOHP� D VXFWLRQ GHYLFH ZKLFK KDV WZR 
FDQLVWHUV DQG WZR YDOYHV ZLWK GLIIHUHQW IXQFWLRQV ZDV 
GHYHORSHG DV VKRZQ LQ )LJ��� ,I WKH EHQWKRV LV ZDQWHG WR 
FDWFK� WKH GHYLFH VXFNV WKH WDUJHW ZLWK WKH ZDWHU E\ D 
IRUZDUG GULYH RI WKH WKUXVWHU� 7KHQ� WKH YDOYH $ RSHQV E\ 
WKH ZDWHU IORZ� DQG WKH QHW QHDU WKH WKUXVWHU FDWFKHV WKH 
WDUJHW� 7KH YDOYH $ FORVHV E\ LWV ZHLJKW DQG WKH IRUFH RI 
WKH PDJQHW ZKHQ WKH WKUXVWHU LV VWRSSHG� WKH WDUJHW SXWV 
RQ WKH YDOYH $� $IWHU WKDW� WKH YDOYH % RSHQV E\ D UHYHUV 
GULYH RI WKH WKUXVWHU VWLOO ZLWK WKH YDOYH $ FORVHG� DQG WKH 
WDUJHW PRYHV LQWR WKH FDQLVWHU� %HFDXVH WKH YDOYH % FORVHV 
GXULQJ VXFWLRQ� WKH GHYLFH FRQWLQXRXVO\ VXFNV WKH 
VDPSOLQJ WDUJHW ZLWKRXW GURSSLQJ RXW�  

��� SDPSOLQJ H[SHULPHQWV  

7R H[SHULPHQW IRU FRQWLQXRXVO\ VDPSOLQJ� WKH $89 
7XQD�6DQG� ZLWK D GHYHORSHG VXFWLRQ GHYLFH ZDV 
GHSOR\HG DW ��� P GHSWK LQ WKH 6XUXJD %D\ LQ 'HFHPEHU 
����� )LJXUH � VKRZV WKH WUDMHFWRU\ RI WKH $89 GXULQJ 
FUXLVLQJ� DQG WLPH VHULHV GDWD RI WKH $89 SRVLWLRQ GXULQJ 
WKH VDPSOLQJ VHTXHQFH LV VKRZQ LQ )LJ��� 7KH $89 
FUXLVHG DW ��� P�V YHORFLW\ WR �VW ZD\SRLQW DIWHU UHDFKLQJ 
WKH VHDIORRU DQG REVHUYHG WKH VHDIORRU RI DERXW ��� P� E\ 
WKH FDPHUD ZKLOH NHHSLQJ ��� P�V YHORFLW\ DQG ��� P 
DOWLWXGH� 7KHQ� �� EHQWKRV FDQGLGDWHV ZHUH GHWHFWHG E\ 
LPDJH SURFHVVLQJ IURP WDNHQ VHDIORRU LPDJH DQG ZHUH 
WUDQVPLWWHG WR WKH VXSSRUW VKLS E\ XVLQJ WKH DFRXVWLF 
PRGHP� 7KH RSHUDWRU RQ WKH VKLS UHFHLYHG RQO\ KDOI RI 
WKH WUDQVPLWWHG LPDJHV� DQG WKUHH VDPSOLQJ WDUJHWV ZHUH 
VHOHFWHG E\ WKH RSHUDWRU IURP WKH LPDJHV� 7KH $89 WULHG 

 
)LJ� � 6XFWLRQ GHYLFH IRU FRQWLQXRXV VDPSOLQJ 

 

 
)LJ�� 7KH WUDMHFWRU\ RI WKH $89 GXULQJ FXUVLQJ 

 

)LJ�� 7KH SRVLWLRQ GDWD GXULQJ WKH VDPSOLQJ VHTXHQFH 
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FDSWXULQJ GLIIHUHQW WDUJHWV IRU WKH ILUVW DQG VHFRQG WULDOV� 
EXW WKH $89 FRXOGQ¶W VHDUFK WKH WDUJHWV DQG WUDFNHG WKH 
ZURQJ WDUJHWV� 7KH FDXVH LV WKDW WKH WDUJHWV LQVWUXFWHG E\ 
WKH RSHUDWRU ZHUH PDULQH VQRZV VKRZQ LQ )LJ��� %HFDXVH 
WKH UHFHLYHG LPDJHV ZHUH WKH LPDJHV ZLWK ORZ UHVROXWLRQ 
DQG FRORU GHSWK� WKH RSHUDWRU ZDV GLIILFXOW WR VHDUFK IURP 
WKH EHQWKRV FDQGLGDWHV� ,Q WKLUG DQG IRXUWK WULDOV� WKH 
$89 WULHG WR FDSWXUH WKH VDPH EHQWKRV WKDW VWXFN WKH 
VHDIORRU OLNH WKH VHD DQHPRQH DQG GLGQ¶W VDPSOH WKH 
EHQWKRV EHFDXVH WKH VXFWLRQ IRUFH RI WKH GHYLFH ZDVQ¶W VR 
KLJK� 7KH $89 FRQWUROOHG WKH SRVLWLRQ ZLWK KLJK 
DFFXUDF\ RI ����� P HUURU IURP WKH UHIHUHQFHV DQG 
WUDFNHG WKH VDPSOLQJ WDUJHW LQ WKLUG DQG IRXUWK WULDOV�  

��� CRQFOXVLRQV 

7R VROYH WKH SUREOHP RI WKH SUHYLRXV PHWKRG� WKH 
DXWKRUV GHYHORSHG WKH EHQWKRV VDPSOLQJ PHWKRG E\ WKH 
$89 ZLWK WKH VXFWLRQ GHYLFH WKDW LV DEOH WR VXFN VHYHUDO 
WLPHV� ,Q WKH VHD WULDO XVLQJ WKH PHWKRG� WKH $89 FRXOG 
WU\ WR VDPSOH IRXU WLPHV DFFRUGLQJ WKH LQVWUXFWLRQ RI WKH 
RSHUDWRU RQ WKH VKLS� EXW WKH EHQWKRV FRXOGQ¶W EH FDSWXUHG 
GXH WR WKH PLV�VHOHFWLRQ RI WKH VDPSOLQJ WDUJHW DQG ZHDN 
IRUFH RI WKH VXFWLRQ GHYLFH� ,Q IXWXUH ZRUN� WKH DXWKRUV 
ZLOO GHYHORS XVHU�IULHQGO\ LPDJH WUDQVPLVVLRQ PHWKRG 
DQG WKH GHYLFH ZKLFK FDQ VXFN WKH EHQWKRV VWLFNLQJ WKH 
VHDIORRU 

AFNQRZOHGJHPHQWV 

7KLV ZRUN ZDV VXSSRUWHG E\ -636 .$.(1+, *UDQW 
1XPEHU ��.������ 7KH DXWKRUV GHHSO\ JUDWHIXO WKH 
FUHZV RI 7RNDL 8QLYHUVLW\¶V UHVHDUFK YHVVHO +2.872 
DQG WKH VWXGHQWV RI :DWDQDEH ODERUDWRU\ ZKR KHOSHG WKH 
VHD WULDOV� 
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