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8.1. INTRODUCTION

7KLV�GLVVHUWDWLRQ�GHVFULEHV�UHVHDUFK�LQYROYLQJ�WKH�ILQLWH�HOHPHQW�SURJUDP�6$*(

DQG�GHHS�H[FDYDWLRQ�VXSSRUW�V\VWHPV���7KLV�ZRUN�LV�VXPPDUL]HG�LQ�WKLV�FKDSWHU�

DQG� FRQFOXVLRQV� GUDZQ� IURP� WKH� ZRUN� DUH� GLVFXVVHG�� � 5HFRPPHQGDWLRQV� IRU

IXWXUH� VWXGLHV� RI� GHHS� H[FDYDWLRQ� VXSSRUW� V\VWHPV� DQG� LPSURYHPHQW� WR� WKH

SURJUDP�6$*(�DUH�JLYHQ�

8.2. SUMMARY

,Q�&KDSWHU���D� FRPSUHKHQVLYH� UHYLHZ�RI� OLWHUDWXUH�RQ�GHHS� H[FDYDWLRQ� VXSSRUW

V\VWHPV� ZDV� SUHVHQWHG�� � 7KH� SXUSRVH� RI� WKH� UHYLHZ� ZDV� WR� VWXG\� IDFWRUV� WKDW

LQIOXHQFH�WKH�SHUIRUPDQFH�RI�GHHS�H[FDYDWLRQV�LQ�VRLO���7KH�SXEOLFDWLRQV�UHYLHZHG

LQGLFDWH� WKDW� WKH� LPSRUWDQW� IDFWRUV� WKDW� LQIOXHQFH� WKH� SHUIRUPDQFH� RI� GHHS

H[FDYDWLRQV�LQ�VRLO�DUH�

�� 7\SH�RI�VRLO�DQG�LWV�PHFKDQLFDO�EHKDYLRU
�� &RQVWUXFWLRQ�PHWKRG
�� &RQVWUXFWLRQ�VHTXHQFLQJ
�� ,QLWLDO�VRLO�VWUHVVHV
�� *URXQGZDWHU�FRQGLWLRQV
�� 6XSSRUW�V\VWHP
�� :RUNPDQVKLS�TXDOLW\�RI�FRQVWUXFWLRQ
�� 7HPSHUDWXUH
�� ([FDYDWLRQ�JHRPHWU\
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7KH� UROH� RI� WKHVH� IDFWRUV� LQ� WKH� SHUIRUPDQFH� RI� GHHS� H[FDYDWLRQV� LV� FRPSOH[�

7KLV�PDNHV�GHVLJQLQJ�H[FDYDWLRQ�VXSSRUW�V\VWHPV�DQG�VWXG\LQJ�GHHS�H[FDYDWLRQ

SHUIRUPDQFH�FKDOOHQJLQJ�

,Q� DGGLWLRQ�� SHUIRUPDQFH� GDWD� IURP� UHFHQW� SXEOLVKHG� FDVH� KLVWRULHV� ZHUH

FRPSDUHG� WR� WKH� SHUIRUPDQFH� GDWD� FRPSLOHG� E\� *ROGEHUJ� HW� DO�� �������� � 7KH

UHFHQW�SXEOLVKHG�FDVH�KLVWRULHV�VKRZHG�WKDW�GLDSKUDJP�ZDOOV�DUH�QRZ�XVHG�PRUH

H[WHQVLYHO\�WKDQ�DQ\�RWKHU�ZDOO�W\SH�WR�VXSSRUW�GHHS�H[FDYDWLRQV���&RPSDULVRQ�RI

UHFHQW�SHUIRUPDQFH�GDWD�ZLWK� WKDW�FROOHFWHG�E\�*ROGEHUJ�HW�DO�� VKRZHG� WKDW� WKH

W\SLFDO�PD[LPXP�ZDOO�DQG�JURXQG�PRYHPHQWV�H[SHULHQFHG�LQ�GHHS�H[FDYDWLRQV�LQ

VRIW�VRLO�FRQGLWLRQV�KDV�GHFUHDVHG�� �7KH�EHQHILW� LV�EHOLHYHG�WR�EH�D� UHVXOW�RI�WKH

LQFUHDVHG�XVH�RI�GLDSKUDJP�ZDOOV�DQG�WLJKWHU�FRQWURO�RQ�FRQVWUXFWLRQ�RSHUDWLRQV�

$QRWKHU�OHVVRQ�OHDUQHG�IURP�WKH�OLWHUDWXUH�UHYLHZ�ZDV�WKDW�ILQLWH�HOHPHQW�DQDO\VLV

KDV�SOD\HG�DQ�LPSRUWDQW�UROH�LQ�LPSURYLQJ�WKH�XQGHUVWDQGLQJ�RI�WKH�SHUIRUPDQFH

RI� GHHS� H[FDYDWLRQ� VXSSRUW� V\VWHPV�� � 7KH� OLWHUDWXUH� UHYLHZ� DOVR� VKRZHG� WKDW

FRQVROLGDWLRQ�LV�DQ�LPSRUWDQW�FRQVLGHUDWLRQ�ZKHQ�DQDO\]LQJ�GHHS�H[FDYDWLRQV� LQ

FOD\V�� �7KHVH� REVHUYDWLRQV�PRWLYDWHG� WKH� LPSOHPHQWDWLRQ�RI�%LRW� FRQVROLGDWLRQ

LQWR� WKH� ILQLWH� HOHPHQW� SURJUDP� 6$*(�� � ,PSOHPHQWDWLRQ� RI� WKH� FDSDELOLW\� IRU

FRXSOHG�DQDO\VLV� LV�GHVFULEHG� LQ�&KDSWHU���� �7KH�%LRW�FRQVROLGDWLRQ�IRUPXODWLRQ

FRXSOHV� SRUH� IOXLG� IORZ� WR� YROXPHWULF� GHIRUPDWLRQ� LQ� VRLO�� � 7KUHH� H[DPSOH

SUREOHPV�LQYROYLQJ�FRQVROLGDWLRQ�ZHUH�DQDO\]HG�ZLWK�6$*(�DQG�ZHUH�SUHVHQWHG

WR�YHULI\�WKH�LPSOHPHQWDWLRQ�RI�WKH�IRUPXODWLRQ�

,Q� DGGLWLRQ� WR� WKH� LPSOHPHQWDWLRQ� RI� %LRW� FRQVROLGDWLRQ�� RWKHU� FKDQJHV� ZHUH

PDGH� WR� 6$*(� GXULQJ� WKH� FRXUVH� RI� WKLV� UHVHDUFK� VWXG\�� � 7KHVH� DGGLWLRQDO

FKDQJHV� ZHUH� GHVFULEHG� LQ� &KDSWHU� ��� � 7KH� SXUSRVH� RI� WKH� FKDQJHV� ZDV� WR

LQFUHDVH�WKH�XVHIXOQHVV�DQG�IOH[LELOW\�RI�WKH�SURJUDP�DV�D�WRRO�IRU�DQDO\]LQJ�VRLO�

VWUXFWXUH� LQWHUDFWLRQ� SUREOHPV� OLNH� GHHS� H[FDYDWLRQV�� � $PRQJ� WKH� FKDQJHV

GHVFULEHG�ZHUH�



6XPPDU\ ���

�� ([WHQVLRQ�RI�6$*(�WR�D[LV\PPHWULF�FRQGLWLRQV�
�� ,PSOHPHQWDWLRQ� RI� DQ� DOJRULWKP� IRU� UHGXFLQJ� FXPXODWLYH� HUURU� UHODWHG� WR

LQFUHPHQWDO�DQDO\VLV�DSSURDFK�
�� ,PSOHPHQWDWLRQ� RI� SLH]RPHWULF� OLQHV�� ZKLFK� DOORZ� ORDGV� GXH� WR� FKDQJHV� LQ

SRUH�SUHVVXUH�WR�EH�PRGHOHG�LQ�XQFRXSOHG�DQDO\VHV�
�� ,PSOHPHQWDWLRQ�RI�D�VWHDG\�VWDWH�VHHSDJH�PRGXOH�
�� ,PSOHPHQWDWLRQ�RI�SLQQHG�FRQQHFWLRQV�IRU�EHDP�HOHPHQWV�
�� ,PSOHPHQWDWLRQ�RI�WKH�6HNLJXFKL�2KWD�FULWLFDO�VWDWH�VRLO�PRGHO�
�� &UHDWLRQ� RI� SUH�FRQVROLGDWLRQ� SUHVVXUH� SURILOH� OLQHV�� ZKLFK� JLYH� XVHUV� RI

6$*(� WKH� DELOLW\� WR� VSHFLI\� SUH�FRQVROLGDWLRQ�SUHVVXUHV� IRU� HOHPHQWV� XVLQJ
WKH�0RGLILHG�&DP�&OD\�DQG�6HNLJXFKL�DQG�2KWD�PRGHOV�

�� $GGLWLRQ�RI�D�UHVWDUW�DQDO\VLV�FDSDELOLW\�

7KH�GHHS�H[FDYDWLRQ�IRU�WKH�'DP�1XPEHU���+\GURHOHFWULF�3URMHFW�ZDV�SUHVHQWHG

LQ�&KDSWHU�����7KH�GHVLJQ�DQG�FRQVWUXFWLRQ�RI�WKH�SURMHFW��ZKLFK�LV�DQ�H[DPSOH�RI

WKH� VWDWH� RI� WKH� DUW� LQ� GHHS� H[FDYDWLRQ� WHFKQRORJ\�� ZHUH� GHVFULEHG�� � 6WUXFWXUDO

VOXUU\�ZDOOV�ZLWK�DQFKRUV�ZHUH�XVHG�WR�VXSSRUW�WKH�H[FDYDWLRQ���$�VXPPDU\�RI�WKH

SHUIRUPDQFH�GDWD�IURP�WKH�H[WHQVLYH�LQVWUXPHQWDWLRQ�DQG�PRQLWRULQJ�SURJUDP�RI

WKH�SURMHFW�ZDV�DOVR�SUHVHQWHG���&RQVROLGDWLRQ�RI�D�KHDYLO\�RYHUFRQVROLGDWHG�FOD\

OD\HU�EHQHDWK� WKH�H[FDYDWLRQ�ZDV� VXJJHVWHG�DV� WKH�FDXVH�RI� WKH� WLPH�GHSHQGHQW

GHIRUPDWLRQV�WKDW�ZHUH�REVHUYHG��$�VXPPDU\�RI�WKH�VRLO�DQG�VLWH�FRQGLWLRQV�IRU

WKH�'DP�1XPEHU���3URMHFW�ZHUH�SUHVHQWHG�LQ�&KDSWHU���

)LQLWH�HOHPHQW�DQDO\VHV�SHUIRUPHG�ZLWK�6$*(�RI�WKH�'DP�1XPEHU���H[FDYDWLRQ

ZHUH�SUHVHQWHG�LQ�&KDSWHU�����7KH�DQDO\VHV�SUHVHQWHG�GHPRQVWUDWH�WKH�XVHIXOQHVV

6$*(� IRU� VWXG\LQJ� FRPSOH[� VRLO�VWUXFWXUH� LQWHUDFWLRQ�SUREOHPV�� � ,W�ZDV� IRXQG

WKDW� PRGHOLQJ� FRQVROLGDWLRQ� RI� D� WKLFN� KHDYLO\� RYHUFRQVROLGDWHG� FOD\� GHSRVLW

EHQHDWK�WKH�H[FDYDWLRQ�KHOSHG�WR�H[SODLQ� WKH�EHKDYLRU�REVHUYHG�� �7KH�DQDO\VHV�

ZKLFK�ZHUH�SHUIRUPHG�XVLQJ� WKH� SODQH� VWUDLQ� DVVXPSWLRQ�� DJUHHG�ZHOO�ZLWK� WKH

REVHUYHG�GDWD��EXW�WZR�GLVFUHSDQFLHV�ZHUH�QRWHG���2QH�ZDV�WKH�GLIIHUHQFH�LQ�WKH

KRUL]RQWDO� PRYHPHQW� RI� WKH� WRH� RI� WKH� VOXUU\� ZDOO� SUHGLFWHG� E\� WKH� 6$*(

DQDO\VHV� DQG� WKDW� REVHUYHG� GXULQJ� FRQVWUXFWLRQ�� � 7KH� VHFRQG� ZDV� WKDW� WKH

PDJQLWXGH�RI�WKH�ZDOO�PRYHPHQWV�DERYH�WKH�H[FDYDWLRQ�EDVH�SUHGLFWHG�ZLWK�WKH
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6$*(� DQDO\VHV� ZHUH� OHVV� WKDQ� WKH� PRYHPHQWV� UHFRUGHG� GXULQJ� FRQVWUXFWLRQ�

7KH�GLIIHUHQFH�EHWZHHQ�WKH�FRPSOH[�H[FDYDWLRQ�JHRPHWU\�DQG�WKH�LGHDOL]HG�SODQH

VWUDLQ� JHRPHWU\�PD\�EH�RQH� FDXVH�� �7KH� LQWHUDFWLRQ�EHWZHHQ� WKH� GHDGPDQ� DQG

DQFKRU�V\VWHPV�IRU�WKH�WDLOUDFH�ZDOO�DQG�WKH�SRZHUKRXVH�PD\�EH�DQRWKHU�FDXVH�

&UHHS�LQ�WKH�JURXWHG�DQFKRUV�LV�D�WKLUG�SRVVLEOH�FDXVH�

8.3. CONCLUSIONS

7KH�IROORZLQJ�FRQFOXVLRQV�DUH�GUDZQ�IURP�WKH�ZRUN�GHVFULEHG�LQ�WKLV�GLVVHUWDWLRQ�

� 7KH� LPSOHPHQWDWLRQ� RI� %LRW� FRQVROLGDWLRQ� DQG� WKH� RWKHU� FKDQJHV�PDGH� WR
6$*(�GXULQJ�WKH�FRXUVH�RI�WKLV�UHVHDUFK�VWXG\�LQFUHDVH�WKH�XVHIXOQHVV�RI�WKH
SURJUDP�DV�D�UHVHDUFK�DQG�DQ�HQJLQHHULQJ�WRRO�

� )LQLWH�HOHPHQW�DQDO\VLV�DQG� LQVWUXPHQWDWLRQ�PRQLWRULQJ�RI�GHHS�H[FDYDWLRQV
DUH�QDWXUDOO\�FRPSOHPHQWDU\�WRROV�IRU�VWXG\LQJ�GHHS�H[FDYDWLRQV�

� 'LDSKUDJP� VOXUU\�ZDOO� WHFKQRORJ\�SOD\V� DQ� LPSRUWDQW� UROH� LQ� WKH� GHVLJQ� RI
PDQ\�PRGHUQ�GHHS�H[FDYDWLRQV�

� 7KH�WLPH�GHSHQGHQW�PRYHPHQWV�REVHUYHG�LQ�WKH�'DP�1XPEHU���H[FDYDWLRQ
FDQ�EH�H[SODLQHG�E\�WKH�SURFHVV�RI�FRQVROLGDWLRQ�LQ�WKH�-DFNVRQ�)RUPDWLRQ�

8.4. RECOMMENDATIONS

5HFRPPHQGDWLRQV� IRU� IXUWKHU� UHVHDUFK� LQWR� GHHS� H[FDYDWLRQ� VXSSRUW� V\VWHPV�

DQG�UHFRPPHQGDWLRQV�IRU�IXWXUH�GHYHORSPHQW�RI�6$*(�DUH�SUHVHQWHG�EHORZ�

� 6$*(� VKRXOG� EH� H[WHQGHG� WR� DQDO\]H� WKUHH�GLPHQVLRQDO� SUREOHPV�� � 7KLV
ZRXOG� HQKDQFH� WKH� XVHIXOQHVV� RI� WKH� SURJUDP�� � 6RLO�VWUXFWXUH� LQWHUDFWLRQ
SUREOHPV�ZLWK�JHRPHWU\�WKDW�FDQQRW�EH�PRGHOHG�VDWLVIDFWRULO\�ZLWK�WKH�SODQH
VWUDLQ�DVVXPSWLRQ�FRXOG�EH�PRGHOHG�PRUH�DFFXUDWHO\�

� 7KH�H[FDYDWLRQ�IRU�WKH�'DP�1XPEHU���SURMHFW�FRXOG�EH�UHDQDO\]HG�ZLWK�D���
'� ILQLWH� HOHPHQW� DQDO\VLV� WR� LQYHVWLJDWH� WKH� LQWHUDFWLRQ� EHWZHHQ� WKH� WDLOUDFH
GHDGPDQ�VWUXFWXUHV�DQG�ZDOOV�ZLWK�WKH�SRZHUKRXVH�ZDOOV�

� 7KH� DGYDQWDJHV� DQG� GLVDGYDQWDJHV� RI� LPSOHPHQWLQJ� D� IURQWDO� VROYHU� LQWR
6$*(�VKRXOG�EH�LQYHVWLJDWHG���$�IURQWDO�VROYHU�FRXOG�UHGXFH�WKH�FRPSXWDWLRQ
WLPH�UHTXLUHG�IRU�DQDO\VHV�ZLWK�ODUJH�PHVKHV�
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� $Q� DOJRULWKP� VKRXOG� EH� LPSOHPHQWHG� LQ� 6$*(� WR� UHQXPEHU� WKH� JOREDO
GHJUHHV� RI� IUHHGRP� WR� PLQLPL]H� WKH� EDQGZLGWK� DQG� SURILOH� RI� WKH� JOREDO
VWLIIQHVV�PDWUL[�DW�WKH�EHJLQQLQJ�RI�HDFK�DQDO\VLV�VWHS�� �7KLV�ZRXOG�IDFLOLWDWH
UXQQLQJ�DQDO\VHV�ZLWK�ODUJH�DQG�FRPSOH[�PHVKHV�RQ�FRPSXWHUV�ZLWK�OLPLWHG
SULPDU\� VWRUDJH�� �0RGHOLQJ�DQFKRUV�ZLWK�EHDPV� WKDW�FURVV� VHYHUDO� HOHPHQWV
DQG�XVLQJ�SLQQHG�FRQQHFWLRQV�RIWHQ�UHVXOW�LQ�GUDPDWLF�LQFUHDVHV�LQ�EDQGZLGWK�

� 6$*(�VKRXOG�EH�XSJUDGHG� WR�)RUWUDQ���� IURP�)2575$1���� LQ�RUGHU� WR
WDNH� DGYDQWDJH� RI� WKH� IHDWXUHV� RI� )RUWUDQ� ��� VXFK� DV� G\QDPLF� PHPRU\
DOORFDWLRQ�DQG�ZKROH�DUUD\�RSHUDWLRQV�� �)RUWUDQ���� LV�PRUH�FRPSDWLEOH�ZLWK
WKH�YLVLRQ�RI� D� VWUXFWXUHG� DQG�PRGXODU�SURJUDP� WKDW�ZDV� HVWDEOLVKHG�ZKHQ
WKH�SURJUDP�ZDV�FUHDWHG� �0RUULVRQ��������� �6ZLWFKLQJ� WR�)RUWUDQ����ZRXOG
DOVR�DGG�WR�WKH�ORQJHYLW\�RI�WKH�SURJUDP��VLQFH�)2575$1����LV�EHFRPLQJ
REVROHWH�


