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FDVH�VWXG\

7KH�SDSHU�SUHVHQWV�D�FDVH�VWXG\�RI�LPSURYLQJ�SODQW�HIILFLHQF\�DQG�
VDIHW\�DW�PHGLXP�VFDOH�LFH�FUHDP�PDQXIDFWXULQJ�XQLW��7KH�SODQW�LV�
LQ�&XWWDFN�QHDU�%KXEDQHVKZDU��2ULVVD��7KH�SODQW�SURGXFHV����07�

RI� LFH�FUHDP�HYHU\�GD\�DQG�VXSSOLHV� WR�2ULVVD�DQG�QHDUE\�VWDWHV��7KH�
SODQW�RZQHU�ZDQWHG�WR�XSGDWH�SODQW�IRU�KLJKHU�HIILFLHQF\�DQG�VDIHW\�ZLWK�
PRGHUDWH�LQYHVWPHQW�LQ�VWHSV��0DQ\�D�WLPH�SODQW�XSJUDGH�RU�PRGHUQL]DWLRQ�
OHDGV� WR� FRPSOHWH� FKDQJH�RI� SODQW� WKDW� LQYROYHV� KHDY\� LQYHVWPHQW� DQG�
52,� RQ� VXFK� LQYHVWPHQWV� H[FHHG� WKUHH� WR� IRXU� \HDUV�� +HQFH�� LW� ZDV�
GHFLGHG�WKDW�SODQW�XSJUDGDWLRQ�VKRXOG�EH�FDUULHG�RQO\�ZKHUH�QHFHVVDU\�
DQG�WR�DFKLHYH�KLJKHVW�HIILFLHQF\�DQG�VDIHW\��7KH�WDUJHW�ZDV�WR�NHHS�52,�
OHVV� WKDQ� RQH� \HDU� DQG� DFKLHYH� PLQLPXP� ���� HQHUJ\� VDYLQJV�� 7KH�
UHIULJHUDQW�XVHG�IRU�SODQW�LV�$PPRQLD�ZKLFK�LV�QDWXUDO�FKRLFH�EHFDXVH�RI�
WKH� SODQW� VL]H� DQG� WHPSHUDWXUH� UHTXLUHPHQW�� 7KH� QDWXUDO� �JUDYLW\�� IHHG�
V\VWHP�LV�XVHG�LQ�SODQW�IRU�UHIULJHUDWLRQ��

:H� IROORZHG�V\VWHP�DSSURDFK� WR�DFKLHYH�RXU� WDUJHW��7KH� ILUVW�VWHS�
ZDV� WR� VWXG\� DQG� SUHSDUH�+$=23� UHSRUW� DQG� ILQG� RXW� WKH� SUREOHPV� LQ�
RSHUDWLRQ� RI� SODQW� RQ� GD\� WR� GD\� EDVLV�� :H� VWDUWHG� UHFRUGLQJ� SODQW�
RSHUDWLRQ� SDUDPHWHUV� DQG� ZRUN� KRXUV�� $IWHU� GHWDLO� VWXG\�� IROORZLQJ�
SUREOHPV�ZHUH�REVHUYHG�
��� 7KH�FROG�VWRUDJH�DQG�IUHH]HU�URRPV�DUH�QRW�DEOH�WR�DFKLHYH�GHVLUHG�

WHPSHUDWXUH�LQVSLWH�RI�ORQJ�UXQQLQJ�KRXUV�RI�FRPSUHVVRUV
��� $OO�FRPSUHVVRUV�LQFOXGLQJ�VWDQGE\�FRPSUHVVRU�ZDV�UHTXLUHG�WR�UXQ�

WKH�SODQW

7KH�SODQW�RZQHU�ZDQWHG�WR�XSGDWH�SODQW�IRU�KLJKHU�HIILFLHQF\�DQG�VDIHW\�ZLWK�
PRGHUDWH�LQYHVWPHQW�LQ�VWHSV��0DQ\�D�WLPH�SODQW�XSJUDGH�RU�PRGHUQL]DWLRQ�OHDGV�WR�

FRPSOHWH�FKDQJH�RI�SODQW�WKDW�LQYROYHV�KHDY\�LQYHVWPHQW�DQG�52,�RQ�VXFK�LQYHVWPHQWV�
H[FHHG�WKUHH�WR�IRXU�\HDUV«

��� 7KH�FRPSUHVVRUV�ZHUH�UXQQLQJ�DW�IXOO�ORDG�DOO�WKH�WLPH
��� 7KH�FRPSUHVVRU�VXFWLRQ�SUHVVXUH�DQG�SODQW�HYDSRUDWLQJ�WHPSHUDWXUHV�

GR� QRW� FRUUHODWH�� 7KH� VXFWLRQ� SUHVVXUH� ZDV� PXFK� ORZHU� WKDQ� WKH�
FRUUHVSRQGLQJ�URRP�WHPSHUDWXUH

��� 7KH�FRPSUHVVRU�GLVFKDUJH�SUHVVXUH�ZDV�YHU\�KLJK�FRQVLGHULQJ�WKH�
DPELHQW�FRQGLWLRQV

��� &RPSOHWH�SODQW�ZDV�XQGHU�PDQXDO�RSHUDWLRQ�
��� 7KH�FROG�URRPV�DQG�IUHH]HU�URRPV�ZHUH�IXOO�ZLWK�IURVW�
��� 7KH� FROG� URRP� DQG� IUHH]HU� URRPV� ZHUH� GHVLJQHG� IRU� ����&� URRP�

WHPSHUDWXUH�KRZHYHU��ZHUH�QHYHU�DEOH�WR�DFKLHYH�EHORZ�����&
��� 7KH�GHIURVWLQJ�V\VWHP�ZDV�PDQXDO�DQG�ZDV�QHYHU�DEOH�WR�GHIURVW�WKH�

FRLOV�FRPSOHWHO\��
����3OHQW\�RI�RLO�ZDV�JHWWLQJ�DFFXPXODWHG�LQ�$&8�RU�IUHH]HU�FRLOV�
����3ODQW�VDIHW\�ZDV�WRWDOO\�E\SDVVHG�
����7KH�OHYHO�FRQWURO�V\VWHP�ZDV�E\SDVVHG�DQG�RSHUDWRUV�ZHUH�PDQXDOO\�

WKURWWOLQJ�WKH�YDOYHV�RQ�UHFHLYHU�VXSSO\�OLQH��
����7KXV�� $&8� RU� IUHH]HU� FRLOV� ZHUH� VWDUYLQJ� IRU� OLTXLG� DQG� RSHUDWRUV�

ZHUH�DIUDLG�RI�OLTXLG�VWURNH�WR�FRPSUHVVRU�
����2SHUDWRUV� ZHUH� DOZD\V� EXV\� ZLWK� RSHUDWLQJ� YDULRXV� YDOYHV� DQG�

UXQQLQJ�DURXQG�WR�FKHFN�RSHUDWLRQ��WHPSHUDWXUH�DQG�OLTXLG�OHYHO�
����'XH�WR�VPDOO�OHDNDJHV�WKURXJK�IODQJH�MRLQWV�SODQW�KDG�DPPRQLD�VPHOO�

FRQWLQXRXVO\�
����7KH�FROG�URRPV�DQG�IUHH]HU�URRPV�ZHUH�ORFDWHG�DURXQG�WKH�SODQW�DQG�

PDQ\�WLPHV�WKH�ORDGHU�ZDV�WUDSSHG�LQ�WKH�URRP��7KH�WUDSSHG�SHUVRQ�
ZDV�QRW�DEOH�WR�FRPPXQLFDWH�WR�SODQW�RSHUDWRUV�
$OO�WKHVH�FRQGLWLRQV�ZHUH�OHDGLQJ�WR�KLJK�HQHUJ\�FRQVXPSWLRQ�DQG�ORVV�

RI�SURGXFWLRQ��2YHUDOO�SODQW�ZDV�QRW�DEOH�WR�SHUIRUP�DW�UDWHG�FRQGLWLRQV�
&RQVLGHULQJ� WKH� EXGJHW� DYDLODELOLW\�� ZH� GHFLGHG� WR� FRQFHQWUDWH� RQ�

DFKLHYLQJ� GHVLUHG� URRP� WHPSHUDWXUH�� LQFUHDVH� SODQW� HIILFLHQF\� DQG�
LPSURYLQJ�SODQW�VDIHW\��:H�KDG�OLPLWHG�WR�WLPH�WR�FRQGXFW�DOO�WKHVH�DFWLYLWLHV�

$QRWKHU� FRQVWUDLQW� ZDV� OLPLWHG� DYDLODELOLW\� RI� KLJKO\� VNLOOHG� DQG�
FHUWLILHG�PDQ�SRZHU�WR�RSHUDWH�WKH�SODQW��+HQFH�LW�ZDV�UHTXLUHG�WR�SURYLGH�
RSHUDWLQJ�V\VWHP�ZKLFK�UHJXODU�SODQW�RSHUDWRUV�FRXOG�KDQGOH�DQG�QHHG�RI�
VSHFLDOL]HG�PDQSRZHU�ZRXOG�EH�HOLPLQDWHG��

:H�GHFLGHG�WR�XSGDWH�IROORZLQJ�
��� ,QVWDOO�VDIHW\�YDOYHV�ZLWK�GXDO�PDQLIROG�RQ�DOO�SUHVVXUH�YHVVHOV�ZLWK�

VXLWDEOH�UDWLQJ��:H�KDYH�VHOHFWHG�UHVHWWDEOH�VDIHW\�YDOYHV�
��� 7KH� FRPSUHVVRU� VDIHW\� FXW� RXW� ZHUH� FDOLEUDWHG�� UHSDLUHG� DQG�

UH�FRQQHFWHG�IRU�VDIHW\
��� (DV\� WR� XVH� $XWRPDWLF� &RPSUHVVRU� FRQWURO� V\VWHP� ZLWK� HQHUJ\�

PRQLWRULQJ�ZDV�LQVWDOOHG�RQ�HDFK�FRPSUHVVRU

,PSURYLQJ�(IILFLHQF\
LQ�,FH�&UHDP�3ODQW
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3ODQW�GLVFKDUJH�SUHVVXUH�EHIRUH�SODQW�
PRGLILFDWLRQ

3ODQW�GLVFKDUJH�SUHVVXUH�DIWHU�SODQW�
PRGLILFDWLRQ

)XOO\�DXWRPDWLF�DLU�SXUJHU�LQ�RSHUDWLRQ

$PPRQLD�/HDN�GHWHFWLRQ�V\VWHP

(DV\�WR�XVH�FRPSUHVVRU�DXWRPDWLRQ�
V\VWHP

'DWD�PRQLWRULQJ�V\VWHP�ZLWK�ZHE�EDVHG�
RSHUDWLRQ�DQG�PRELOH�DSSOLFDWLRQ�WR�
PRQLWRU�SODQW�SHUIRUPDQFH�RQOLQH�

DQ\ZKHUH�LQ�ZRUOG

&ROG�URRP�6DIHW\�$ODUP�V\VWHP

$XWRPDWLF�OLTXLG�OHYHO�FRQWURO��WHPSHUDWXUH�
FRQWURO�DQG�KRW�JDV�GHIURVWLQJ�V\VWHP

3ODQW�SLSLQJ�EHIRUH�PRGLILFDWLRQ 3ODQW�SLSLQJ�DIWHU�PRGLILFDWLRQ
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��� )XOO\� DXWRPDWLF� DLU� SXUJHU� LQVWDOOHG� RQ�
FRQGHQVHU�DQG�UHFHLYHU

��� $XWRPDWLF� KRW� JDV� GHIURVWLQJ� V\VWHP�
LQVWDOOHG� WR� UHSODFH�H[LVWLQJ�PDQXDO�GHIURVW�
V\VWHP�RQ�DOO�FROG�URRPV�DQG�IUHH]HU�URRPV�

��� 7HPSHUDWXUH� PRQLWRULQJ� DQG� FRQWURO�
V\VWHP� ZDV� LQVWDOOHG� IRU� DOO� FROG� URRPV�
DQG�IUHH]HU�URRPV��

��� 7KH� DXWRPDWLF� OHYHO� FRQWURO� V\VWHP� ZDV�
VHUYLFHG�DQG�SXW�LQWR�XVH��

��� 7KH�UHIOH[�W\SH�OHYHO�JDXJHV�ZHUH�LQVWDOOHG�
LQVWHDG�RI�JODVV�WXEHV�

��� 7KH� DXWRPDWLF� DPPRQLD� OHDN� GHWHFWLRQ�
V\VWHP�ZDV�LQVWDOOHG�

����7KH�IODQJH�W\SH�YDOYHV�ZHUH�UHSODFHG�ZLWK�
���EDU�ZHOG�LQ�OLQH�YDOYHV��7KH�YDOYHV�ZHUH�
FKRVHQ�ZLWK�EDFN�VHDWLQJ�IDFLOLW\�

����7KH� FROG� URRP� DODUP� V\VWHP� ZLWKLQ� EXLOW�
EDWWHU\�EDFN�ZDV�LQVWDOOHG�WR�ORFDWHG�GRRUV�
IRU� WUDSSHG� ORDGHU� DQG� JHQHUDWH� DODUP� LQ�
SODQW� URRP�� 7KH� XQLW� ZDV� SURYLGHG� ZLWK�
LQEXLOW� EDWWHU\�EDFNXS�VR� WKDW� LW� FDQ�ZRUN�
LQGHSHQGHQWO\�LQ�FDVH�RI�HOHFWULFLW\�IDLOXUH�
7KHVH� DOO� DFWLYLWLHV� ZHUH� FRPSOHWH� LQ� ���

ZRUNLQJ�GD\V�ZLWK�KHOS�RI�SODQW�RSHUDWRUV�DQG�
RQO\�RQH�ZHOGHU��ZLWKRXW�GLVWULEXWLQJ�WKH�UHJXODU�
SODQW�RSHUDWLRQV��
7KH�UHVXOWV�REVHUYHG�DIWHU�WKH�PRGLILFDWLRQV�DUH�
��� 7KH�FRPSUHVVRU�GLVFKDUJH�SUHVVXUH�UHGXFHG�

VLJQLILFDQWO\�WR�����36,�IURP�����36,
��� 7KH� DXWRPDWLF� RSHUDWLRQ� FRPSUHVVRU�

UHPRYHG�RSHUDWRU�LQWHUIHUHQFH�DQG�VPRRWK�
ORDGLQJ� RU� XQORDGLQJ� FRPSUHVVRU� DQG�
RYHUDOO�HQHUJ\�UHTXLUHPHQW�IRU�FRPSUHVVRU�
ZDV�UHGXFHG�VLJQLILFDQWO\

��� 7KH� VDIHW\� YDOYH� DQG� UHOHDVH� V\VWHP�
HQVXUHG� LQFUHDVHG� VDIHW\� DW� SODQW� DQG� QR�

GLVFKDUJH� RI� DPPRQLD� LQ� SODQW� LQFDVH�
VDIHW\�YDOYH�SRSV�XS��

��� 7KH�DXWRPDWLF�DPPRQLD�OHDN�GHWHFWLRQ�DQG�
DODUP� V\VWHP� LQFUHDVHG� SODQW� VDIHW\� DQG�
RSHUDWRU� KDG�PRUH� FRQILGHQFH� LQ�ZRUNLQJ�
DURXQG�WKH�SODQW�

��� 7KH� DXWRPDWLF� KRW� JDV� GHIURVW� V\VWHP�
UHSODFHG�PDQXDO�GHIURVW�RSHUDWLRQ

��� 7KH� GHIURVW� WLPH� ZDV� UHGXFHG� WR� ���
PLQXWHV�LQVWHDG�RI����PLQXWHV

��� 7KH�LQFUHDVH�LQ�FROG�URRP�RU�IUHH]HU�URRP�
WHPSHUDWXUH�GXULQJ�GHIURVW�UHGXFHG�WR���&�
IURP����&

��� 7KH� FROG� URRP� RU� IUHH]HU� URRP� GHVLJQ�
WHPSHUDWXUH�RI�����&�ZDV�DFKLHYHG��

��� 7KH� WLPH� UHTXLUHG� IRU� IUHH]HU� RSHUDWLRQ�
UHGXFHG�����

����7KH� QXPEHU� RI� FRPSUHVVRUV� UHTXLUHG�
UHGXFHG��7KH�VWDQGE\�FRPSUHVVRU�UHPDLQ�
DV�VWDQGE\��ZDV�QHYHU�UHTXLUHG�WR�RSHUDWH�

����7KLV� UHGXFHG� FRPSUHVVRU� UXQQLQJ� KRXUV�
E\����

����7KH�DXWRPDWLF� OHYHO� FRQWURO� V\VWHP�PDGH�
VXUH�WKDW�$&8�RU�)UHH]HU�FRLOV�DUH�IORRGHG�
DQG�QR�OLTXLG�LV�DOORZHG�RQ�FRPSUHVVRU�

����7KH�DXWRPDWLF�OHYHO�FRQWURO�V\VWHP�DYRLGHG�
RSHUDWRU¶V�LQWHUIHUHQFH�E\�WKURWWOLQJ�YDOYHV�
RQ�UHFHLYHU�VXSSO\�OLQH��

����7KH�DFFXPXODWLRQ�RI�RLO�LQ�$&8�DQG�IUHH]HU�
XQLWV�ZDV�HOLPLQDWHG

����)URVWLQJ�RQ�$&8�	�IUHH]HU�XQLWV�HOLPLQDWHG
����7KH� RQOLQH� GDWDORJJLQJ� DQG� UHPRWH�

PRQLWRULQJ�V\VWHP�LQVWDOOHG�KHOSHG�FXVWRPHU�
WR�PRQLWRU� WKH�SODQW�RQ�PRELOH�SKRQH�ZKLOH�
WUDYHOOLQJ�DEURDG�DQG�HQMR\�KLV�KROLGD\V�

����7KH�WHPSHUDWXUH�FRQWURO�V\VWHP�PDGH�VXUH�
WKDW� UHTXLUHG� WHPSHUDWXUHV�DUH�PDLQWDLQHG�

FRQWLQXRXVO\�� 1R� XQGHU� VKRRWLQJ� ��
RYHUVKRRWLQJ� REVHUYHG�� $OO� WHPSHUDWXUH�
ZHUH�PDLQWDLQHG�ZLWKLQ����&

����7KH� ZHOG� LQ� OLQHV� YDOYHV� HOLPLQDWHG� WKH�
OHDNDJHV�WKURXJK�IODQJH�MRLQWV�RI�WKH�YDOYHV�
DQG� WKXV� WRWDO� QXPEHU� RI� IODQJH� MRLQWV� LQ�
IODQJH�UHGXFHG�WR�IHZ�

����7KH� EDFN� VHDWLQJ� IDFLOLW\� LQ� WKH� YDOYH�
DVVXUHG�RSHUDWRUV�WKDW�QRZ�WKH\�GRQ¶W�KDYH�
WR�UXQ�DURXQG�LQ�WLJKWHQLQJ�RI�YDOYH�JODQGV�

7KXV��RYHU�DOO�SODQW�SHUIRUPDQFH�LPSURYHG�E\�
��� 5HGXFLQJ�WKH�SODQW�RSHUDWLRQ�WLPH
��� ,PSURYLQJ�SODQW�WHPSHUDWXUH
��� 2SHUDWLQJ� DW� RSWLPXP� VXFWLRQ� DQG�

GLVFKDUJH�SUHVVXUH
��� 7KH�DPPRQLD�VPHOO�IURP�SODQW�URRP�YDQLVKHG
��� ,QFUHDVH�SODQW�VDIHW\
��� 7KH� DXWRPDWLRQ� RI� FRPSUHVVRU�� GHIURVW�

V\VWHP�� OLTXLG� OHYHO� FRQWURO� DQG� SODQW�
PRQLWRULQJ� JHQHUDWHG� FRPIRU W� IRU�
RSHUDWRUV� DQG� WKH\� FRXOG� DGGUHVV� RWKHU�
PDLQWHQDQFH�LVVXHV�
$IWHU� REVHUYLQJ� SODQW� RSHUDWLRQ� IRU� RQH�

\HDU� ZH� REVHUYHG� ���� HQHUJ\� VDYLQJ� DQG�
LPSURYHG� SURGXFW� TXDOLW\� DQG� SURGXFWLRQ�
FDSDFLW\�DV�FRPSDUHG�WR�ODVW�\HDU��

(YHQ�WKRXJK�LPSURYHG�SODQW�VDIHW\�FDQQRW�
EH� FDOFXODWHG� LQ� LQYHVWPHQW�� WKH� RYHUDOO�
LQYHVWPHQW�ZDV�UHFRYHUHG�LQ���PRQWKV���

$QDQG�-RVKL
3DUWQHU

0DQLN�(QJLQHHUV
3XQH


