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ABSTRACT 
ADVISORS: Shane Cotter, Sudhir Khetan, Jennifer Currey 
 

Hospital acquired pressure ulcers (HAPUs), also called bedsores, are damage to the skin 

and/or underlying tissue caused by prolonged pressure on the bony areas of the body, with 

around 20% of pressure ulcers occurring in the heel region. Currently, the most common practice 

for HAPU prevention is arbitrary manual repositioning of patients by nurses every 1-2 hours. 

The goal of our project was to address HAPUs in the heel region of low mobility patients 

through an ulceration risk sensing system. Our team has created a wearable ulceration risk 

assessment system that combines individual patient risk data with real time pressure data to 

determine overall HAPU risk level. This system includes a pressure sensor system embedded 

within a silicone foam dressing, which can be strapped around the heel. The pressure data is 

wirelessly sent to a computer display and combined with scores from the current risk assessment 

scale (Braden Scale) to create a real time HAPU risk assessment tool for clinicians. Based on our 

validation testing, the system accurately reads pressure at the heels and creates an accurate 

ulceration risk assessment tool. This tool, when fully developed, could lead to faster recovery 

time for patients, a decrease in the overall cost of patient treatment, and a decreased burden on 

nurses, allowing them to better optimize their time.  
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%DFNJURXQG�

3UHVVXUH XOFHUV DUH DUHDV RI ORFDOL]HG GDPDJH WR WKH VNLQ DQG XQGHUO\LQJ WLVVXH GHDWK >�@�� � � � � � � � � � � � � � �

7KLV ORFDOL]HG VRIW WLVVXH GHDWK� RU QHFURVLV� LV D UHVXOW RI SURORQJHG SUHVVXUH EHWZHHQ D ERQ\� � � � � � � � � � � � � � � �

UHJLRQ DQG DQ H[WHUQDO VXUIDFH� 7KHVH ERQ\ UHJLRQV� RU SURPLQHQFHV� KDYH DQ LQFUHDVHG ULVN RI� � � � � � � � � � � � � � �

SUHVVXUH XOFHU GHYHORSPHQW EHFDXVH WKH ERQH LV OHVV SDGGHG E\ WKH VXUURXQGLQJ WLVVXH� FDXVLQJ LW� � � � � � � � � � � � � � �

WR EH FORVHU WR WKH H[WHUQDO VXUIDFH WKDQ RWKHU UHJLRQV RI WKH ERG\� 7KH FRPSUHVVLRQ EHWZHHQ WKH� � � � � � � � � � � � � � � � �

ERQ\ SURPLQHQFH DQG H[WHUQDO VXUIDFH UHVXOWV LQ WKH RFFOXVLRQ RI FDSLOODULHV� FDXVLQJ LVFKHPLD� RU� � � � � � � � � � � � � �

UHVWULFWLRQ RI EORRG IORZ WR WLVVXHV >�@� ZKLFK FDQ FDXVH WKH XQGHUO\LQJ DQG VXUURXQGLQJ WLVVXHV WR� � � � � � � � � � � � � � � �

EHFRPH R[\JHQ GHSULYHG� RU DQR[LF >�@� 2YHU WLPH� WKLV FDQ OHDG WR FHOO GHDWK� 0XVFOH DQG� � � � � � � � � � � � � � � �

VXEFXWDQHRXV IDW DUH SDUWLFXODUO\ VXVFHSWLEOH WR FRPSUHVVLRQ� ZKLFK RIWHQ UHVXOWV LQ LQWHUQDO� � � � � � � � � � � �

SUHVVXUH�LQGXFHG LQMXULHV SULRU WR YLVLEOH VNLQ GDPDJH� ,VFKHPLD LQGXFHG SUHVVXUH XOFHUDWLRQ FDQ� � � � � � � � � � � �

RFFXU�EHWZHHQ�WKH�ILUVW�KRXU�DQG���WR���KRXUV�RI�VXVWDLQHG�SUHVVXUH�>�@>�@���

5LVN�)DFWRUV��

:KLOH SUHVVXUH LVFKHPLD LV FRPPRQO\ LGHQWLILHG DV RQH RI WKH PRVW SUHYDOHQW FDXVHV RI� � � � � � � � � � � � � �

XOFHUDWLRQ� WKHUH DUH VHYHUDO RWKHU H[WHUQDO DQG LQWHUQDO XOFHUDWLRQ ULVN IDFWRUV� ([WHUQDO ULVN� � � � � � � � � � � � �

IDFWRUV LQFOXGH� VKHDU� IULFWLRQ� PRLVWXUH� DEQRUPDO SRVWXUH� DQG LPSDLUHG PRELOLW\ >�@� ,QWHUQDO� � � � � � � � � � � �

ULVN IDFWRUV LQFOXGH� DOWHUHG FRQVFLRXVQHVV� GHFUHDVHG RU DEVHQW VHQVDWLRQV� QXWULWLRQ� DQHPLD�� � � � � � � � � � �

HGHPD� PHGLFDWLRQV� DQG HPRWLRQDO VWUHVV >�@� 7\SLFDOO\� XOFHUDWLRQ RFFXUV GXH WR D FRPELQDWLRQ� � � � � � � � � � � � �

RI�H[WHUQDO�DQG�LQWHUQDO�IDFWRUV��

2QH SDUWLFXODUO\ UHOHYDQW H[WHUQDO ULVN IDFWRU LV VKHDULQJ� 6KHDULQJ RFFXUV ZKHQ VNLQ DQG� � � � � � � � � � � � �

VXEFXWDQHRXV WLVVXH UHPDLQ VWDWLRQDU\� ZKLOH WKH ERG\ PRYHV DFURVV D VXUIDFH >�@� 7KLV� � � � � � � � � � � � �

GLIIHUHQWLDO PRYHPHQW RI WKH XQGHUO\LQJ WLVVXH UHVXOWV LQ WKH VWUHWFKLQJ DQG WHDULQJ RI EORRG� � � � � � � � � � � � � �
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�

YHVVHOV� ZKLFK UHGXFHV EORRG IORZ DQG FDQ OHDG WR XOFHUDWLRQ� ,Q KRVSLWDO RU UHKDELOLWDWLRQ� � � � � � � � � � � � � �

VHWWLQJV� ZKHUH SUHVVXUH XOFHUV FRPPRQO\ RFFXU >�@� VKHDULQJ LV RIWHQ D UHVXOW RI D SDWLHQW EHLQJ� � � � � � � � � � � � � � � �

PRYHG ZLWKRXW EHLQJ IXOO\ OLIWHG RII WKH VXUIDFH� :KLOH PDQXDO SDWLHQW UHDGMXVWPHQW LV D FRPPRQ� � � � � � � � � � � � � � �

PHWKRG WR UHGLVWULEXWH IRUFH� LW FDQ DOVR FDXVH VKHDULQJ� ZKLFK FDQ FDXVH WKH SDWLHQW WR EHFRPH� � � � � � � � � � � � � � � �

PRUH�VXVFHSWLEOH�WR�SUHVVXUH�XOFHUV���

$GGLWLRQDOO\� IULFWLRQ DW WKH VNLQ�H[WHUQDO VXUIDFH LQWHUIDFH FDQ UHVXOW LQ D EUHDFK LQ WKH� � � � � � � � � � � � � �

HSLGHUPLV >�@� ,I WKH EUHDFK RFFXUV DW D VLWH ZKHUH WKH XQGHUO\LQJ WLVVXH LV DOUHDG\ SUHVHQWLQJ ZLWK� � � � � � � � � � � � � � � � �

LVFKHPLD� LQIHFWLRQ FDQ UDSLGO\ RFFXU� 7KH SUHVHQFH RI PRLVWXUH IURP SHUVSLUDWLRQ� XULQH� IHFHV�� � � � � � � � � � � � �

GLVFKDUJH� HWF� FDQ FDXVH WKH VNLQ WR EHFRPH PDFHUDWHG� ZKLFK ZHDNHQV WKH VNLQ EDUULHU DQG FDQ� � � � � � � � � � � � � � � �

FDXVH�WKH�VNLQ�WR�EH�PRUH�VXVFHSWLEOH�WR�WKH�H[WHUQDO�IDFWRUV�RI�SUHVVXUH��VKHDU��DQG�IULFWLRQ�>�@�� �

,Q WHUPV RI LQWHUQDO ULVN IDFWRUV� VHQVRU\ SHUFHSWLRQ DQG QXWULWLRQ SOD\ DQ LPSRUWDQW UROH LQ� � � � � � � � � � � � � � �

XOFHUDWLRQ ULVN� 6HQVRU\ SHUFHSWLRQ LV GLYLGHG LQWR WZR FDWHJRULHV� SK\VLFDO DQG PHQWDO� 0HQWDO� � � � � � � � � � � � �

VHQVRU\ SHUFHSWLRQ UHIHUV WR WKH DELOLW\ RI DQ LQGLYLGXDO WR FRPPXQLFDWH SDLQ VWDWXV RU UHVSRQG WR� � � � � � � � � � � � � � � �

SDLQIXO VWLPXOL >�@� 3K\VLFDO VHQVRU\ SHUFHSWLRQ UHIHUV WR WKH DELOLW\ RI DQ LQGLYLGXDO WR IHHO SDLQ�� � � � � � � � � � � � � � � �

$ GHFUHDVH LQ HLWKHU RQH RU ERWK IRUPV RI VHQVRU\ SHUFHSWLRQ FDQ UHVXOW LQ D IDLOXUH WR PDNH� � � � � � � � � � � � � � � � � �

QHFHVVDU\ SRVWXUDO DGMXVWPHQWV LQ UHVSRQVH WR SURORQJHG SUHVVXUH� ZKLFK FDQ UHVXOW LQ WKH� � � � � � � � � � � � �

IRUPDWLRQ RI SUHVVXUH XOFHUV� 1XWULWLRQ DOVR SOD\V D FULWLFDO UROH LQ SUHYHQWLRQ� DV QXWULWLRQ FDQ� � � � � � � � � � � � � � �

FRQWULEXWH WR WKH FRQGLWLRQ RI WKH VNLQ DQG FDQ GHWHUPLQH WKH UDWH DW ZKLFK LW EUHDNV GRZQ >�@�� � � � � � � � � � � � � � � � � �

1XWULWLRQ FDQ LPSDFW WKH ERG\¶V KHPRJORELQ OHYHOV� ZKLFK FDQ LPSDFW WLVVXH R[\JHQDWLRQ DQG FDQ� � � � � � � � � � � � � �

SUHFLSLWDWH�WLVVXH�QHFURVLV��

�

�
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5LVN�$VVHVVPHQW��

7KH %UDGHQ 6FDOH LV D FRPPRQ PHWKRG XVHG WR GHWHUPLQH WKH H[WHQW RI ZKLFK DQ� � � � � � � � � � � � � � �

LQGLYLGXDO LV DW ULVN RI GHYHORSLQJ SUHVVXUH XOFHUV� 7KH %UDGHQ 6FDOH UDQNV WKH DIRUHPHQWLRQHG� � � � � � � � � � � � � �

ULVN IDFWRUV RI VHQVRU\ SHUFHSWLRQ� PRLVWXUH� DFWLYLW\� PRELOLW\� QXWULWLRQ� DQG IULFWLRQ DQG VKHDU� � � � � � � � � � � � �

>�@� (DFK IDFWRU LV UDQNHG IURP ��� EDVHG RQ VHYHULW\� ZLWK WKH H[FHSWLRQ RI IULFWLRQ DQG VKHDU�� � � � � � � � � � � � � � � � �

ZKLFK LV UDQNHG IURP ���� ZLWK � EHLQJ KLJK ULVN DQG � EHLQJ ORZ ULVN >�@� 7KH VFDOH KDV D� � � � � � � � � � � � � � � � � � � �

PD[LPXP SRVVLEOH VFRUH RI ��� ZLWK D VFRUH RI �� RU ORZHU LQGLFDWLQJ SUHVVXUH XOFHUDWLRQ ULVN� � � � � � � � � � � � � � � �

>�@���)RU�GHWDLOHG�LQIRUPDWLRQ�RQ�KRZ�WKH�%UDGHQ�6FDOH�ZRUNV��VHH�$���>�@���

6WDJHV��

7KHUH DUH IRXU SULPDU\ VWDJHV RI SUHVVXUH XOFHUV WKDW DUH EDVHG RQ VHYHULW\� DQG WZR VWDJHV� � � � � � � � � � � � � � � �

WKDW GR QRW IDOO LQWR WKRVH FDWHJRULHV >�@� 6WDJHV , DQG ,, SUHVHQW WKHPVHOYHV RQ WKH VXUIDFH RI WKH� � � � � � � � � � � � � � � � � � �

VNLQ� ZKLOH VWDJHV ,,, DQG ,9 DUH GHHSHU� DV VHHQ LQ $�� >�@� ,Q D VWDJH , SUHVVXUH XOFHU� WKH VNLQ LV� � � � � � � � � � � � � � � � � � � � � �

LQWDFW� ZLWK QRQEODQFKDEOH UHGQHVV VHUYLQJ DV D ZDUQLQJ VLJQ� ZKLOH LQ VWDJH ,, WKHUH LV DQ LQLWLDO� � � � � � � � � � � � � � � � �

EUHDN LQ WKH VXUIDFH RI WKH VNLQ� DQG EOLVWHUV EHJLQ WR IRUP >�@� ,Q VWDJH ,,,� WKH SUHVVXUH XOFHU KDV� � � � � � � � � � � � � � � � � � � �

JRQH GHHSHU� UHDFKLQJ WKH OD\HU RI VXEFXWDQHRXV IDW� ZKLOH LQ VWDJH ,9 WKH XOFHU KDV UHDFKHG ERQH� � � � � � � � � � � � � � � � �

>�@� 7KH RWKHU FDVH LV D VXVSHFWHG GHHS WLVVXH LQMXU\ EHWZHHQ VWDJHV ,, DQG ,,,� ZKHUH WKH XOFHU LV� � � � � � � � � � � � � � � � � � �

EHWZHHQ SDUWLDO DQG IXOO XOFHU WKLFNQHVV >�@� 7KH ODVW VWDJH LV ZKHQ WKH XOFHU LV GHHPHG� � � � � � � � � � � � � � � �

XQVWDJHDEOH��PHDQLQJ�WKHUH�LV�D�VFDE�FRYHULQJ�WKH�SUHVVXUH�XOFHU��ZKLFK�KLGHV�LWV�GHSWK�>�@���

3UHVVXUH�8OFHUDWLRQ�DW�WKH�+HHOV��

7KHUH DUH VSHFLILF ORFDWLRQV RQ WKH ERG\ ZKHUH D SDWLHQW LV DW ULVN RI GHYHORSLQJ SUHVVXUH� � � � � � � � � � � � � � � �

XOFHUV� NQRZQ DV ERQ\ SURPLQHQFHV� DV VKRZQ LQ $�� >��@� 7KHVH ORFDWLRQV LQFOXGH WKH EDFN RI� � � � � � � � � � � � � � � �

��
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WKH KHDG� KHHO� HDU� VFDSXODH� HOERZV� EUHDVWV DQG JHQLWDOLD� VDFUXP� NQHHV� DQG KHHOV� ZLWK ���� � � � � � � � � � � � � � �

RI�SUHVVXUH�XOFHUV�RFFXUULQJ�LQ�WKH�KHHO�UHJLRQ�>��@�� �

7KH SRVWHULRU VXUIDFH RI WKH KHHO LV SDUWLFXODUO\ VXVFHSWLEOH WR XOFHUDWLRQ DV LW LV QRW� � � � � � � � � � � � � � �

DGDSWHG WR UHVLVW IRUFHV LQ WKH ZD\ WKDW WKH SODQWDU VXUIDFH LV >��@� 7KH SRVWHULRU UHJLRQ RI WKH KHHO� � � � � � � � � � � � � � � � � � �

GRHV QRW SUHVHQW ZLWK IDW�ILOOHG IDVFLDO VSDFHV WKDW KHOS DEVRUE FRPSUHVVLYH IRUFHV JHQHUDWHG E\� � � � � � � � � � � � � �

SURORQJHG SUHVVXUH RU VKHDU IRUFHV JHQHUDWHG GXULQJ PRYHPHQW >��@� $GGLWLRQDOO\� WKH EORRG� � � � � � � � � � � �

VXSSO\ LQ WKLV UHJLRQ LV SRRU DQG WKHUH LV QR XQGHUO\LQJ PXVFOH WR KHOS FXVKLRQ WKH ERQH RU� � � � � � � � � � � � � � � � � �

UHGLVWULEXWH SUHVVXUH >��@� $V DQ LQGLYLGXDO UHVWV LQ D VXSLQH RU O\LQJ SRVLWLRQ� WKH UHVXOWLQJ� � � � � � � � � � � � � � �

SUHVVXUH IURP WKH ZHLJKW RI WKH ORZHU OHJ DQG IRRW DUH FRQFHQWUDWHG DW WKH SRVWHULRU UHJLRQ RI WKH� � � � � � � � � � � � � � � � � �

KHHO��FDXVLQJ�SUHVVXUH�XOFHUDWLRQ�>��@��

+RVSLWDO�$FTXLUHG�3UHVVXUH�8OFHUV��

3UHVVXUH XOFHUV DUH D SUHYDOHQW FRQFHUQ IRU SDWLHQWV ZLWK OLPLWHG PRELOLW\� DV WKH\ DUH� � � � � � � � � � � � � �

XQDEOH WR UHDGMXVW WKHPVHOYHV WR UHGLVWULEXWH SUHVVXUH� 6SHFLILF UHJLRQV RI WKH KRVSLWDO ZKHUH� � � � � � � � � � � � �

SUHVVXUH XOFHUDWLRQ LV D FRQFHUQ DUH ,QWHQVLYH DQG *HQHUDO &DUH 8QLWV� DV OLPLWHG SDWLHQW PRELOLW\� � � � � � � � � � � � � � �

LV FRPPRQ LQ WKHVH XQLWV� 3UHVVXUH XOFHUDWLRQ WKDW RFFXUV GXULQJ KRVSLWDOL]DWLRQ LV UHIHUUHG WR DV� � � � � � � � � � � � � � �

+RVSLWDO $FTXLUHG 3UHVVXUH 8OFHUV �+$38V� DQG DUH RI VHULRXV FRQFHUQ� ZLWK DQ DSSUR[LPDWH� � � � � � � � � � � � �

SUHYDOHQFH RI ��� PLOOLRQ +$38V SHU \HDU >��@� +$38V FDQ IRUP EHWZHHQ WKH ILUVW KRXU DQG � WR� � � � � � � � � � � � � � � � � �

� KRXUV RI VXVWDLQHG SUHVVXUH >�@� ,I OHIW XQWUHDWHG� +$38V FDQ FDXVH VHULRXV FRPSOLFDWLRQV DQG� � � � � � � � � � � � � � �

HYHQ GHDWK� ZLWK ������ GHDWKV GLUHFWO\ OLQNHG WR +$38V HDFK \HDU >��@� 7KH FXUUHQW PHWKRG RI� � � � � � � � � � � � � � � �

SUHYHQWLRQ LV DUELWUDULO\ UHSRVLWLRQLQJ WKH SDWLHQW HYHU\ ��� KRXUV >�@� 'XH WR WKH DUELWUDU\ QDWXUH� � � � � � � � � � � � � � �

RI WKH FXUUHQW PHWKRG RI SUHYHQWLRQ� QXUVHV DUH RIWHQ XQDEOH WR DFFXUDWHO\ UHGLVWULEXWH WKH� � � � � � � � � � � � � �

��



�

SUHVVXUH RII WKH ERQ\ SURPLQHQFHV RI WKH ERG\� +RVSLWDOV RIWHQ XVH ZHGJHV DQG FXVKLRQV WR� � � � � � � � � � � � � � �

RIIORDG�SUHVVXUH�RQ�ERQ\�SURPLQHQFHV��HVSHFLDOO\�DW�WKH�KHHOV���

6WDJHV ,,,� ,9� DQG XQVWDJHDEOH +$38V DUH FXUUHQWO\ GHVLJQDWHG DV RQH RI �� ³QHYHU� � � � � � � � � � � � � �

HYHQWV´ E\ WKH 1DWLRQDO 4XDOLW\ )RUXP �14)�� $ ³QHYHU HYHQW´ LV DQ DGYHUVH HYHQW WKDW LV� � � � � � � � � � � � � � � �

VHULRXV DQG SUHYHQWDEOH� 7KH &HQWHUV IRU 0HGLFDUH DQG 0HGLFDLG 6HUYLFHV �&06���DQQRXQFHG ��LQ� � � � � � � � � � �

$XJXVW ���� WKDW 0HGLFDUH ZRXOG QR ORQJHU SD\ IRU DGGLWLRQDO FRVWV DVVRFLDWHG ZLWK PDQ\� � � � � � � � � � � � � �

SUHYHQWDEOH HUURUV� LQFOXGLQJ WKRVH FRQVLGHUHG ³QHYHU HYHQWV´ >��@� 7KH FRVW RI WUHDWPHQW SHU� � � � � � � � � � � � �

XOFHU LV EHWZHHQ ������� ������� GHSHQGLQJ RQ VHYHULW\ DQG VWDJH >��@� $Q LQFUHDVH LQ VWDJH RU� � � � � � � � � � � � � � � �

VHYHULW\ RI DQ XOFHU FDQ LQFUHDVH WKH FRVW VLJQLILFDQWO\� SXVKLQJ WKH FRVW LQWR WKH KLJKHU HQG RI WKH� � � � � � � � � � � � � � � � � �

UDQJH� :KHQ FRVW RI SDWLHQW FDUH LV LQFOXGHG� SULFHV FDQ UDQJH IURP ������� WR �������� SHU� � � � � � � � � � � � � � � �

XOFHU >��@� 7KH KLJK FRVW RI WUHDWPHQW IRU D FRQGLWLRQ WKDW LV SUHYHQWDEOH� KLJKOLJKWV WKH QHHG WR� � � � � � � � � � � � � � � � �

FUHDWH�D�GHYLFH�WKDW�LQFUHDVHV�DFFXUDF\�LQ�SUHYHQWLRQ�RI�+$38V��

3ULRU�$UW��

$OWKRXJK WKH FXUUHQW PHWKRG IRU SUHYHQWLQJ +$38V LV SULPDULO\ PDQXDO DUELWUDU\� � � � � � � � � � �

UHSRVLWLRQLQJ� WKHUH DUH VRPH SUHVVXUH XOFHU SUHYHQWLRQ GHYLFHV FXUUHQWO\ RQ WKH PDUNHW WKDW� � � � � � � � � � � � �

HOLPLQDWH WKLV DUELWUDU\ QDWXUH� 7KHUH DUH WZR FDWHJRULHV RI SUHYHQWLRQ GHYLFHV FXUUHQWO\ RXW WKHUH�� � � � � � � � � � � � � �

DXWRPDWLF�SUHVVXUH�UHGLVWULEXWLQJ�GHYLFHV�DQG�VHQVRU�V\VWHPV��

,Q WHUPV RI DXWRPDWLF SUHVVXUH UHGLVWULEXWLQJ GHYLFHV� WKHUH DUH PDWWUHVVHV WKDW XVH� � � � � � � � � � � � �

DOWHUQDWLQJ SUHVVXUH DQG ORZ DLU ORVV WHFKQRORJ\ WR SUHYHQW SUHVVXUH XOFHUV� 7KHVH V\VWHPV� � � � � � � � � � � � �

FRQVWDQWO\ DOWHU WKH SUHVVXUH XQGHU WKH SDWLHQW WR SUHYHQW SUHVVXUH XOFHUV� DQG DUH VHHQ WR EH YHU\� � � � � � � � � � � � � � � � �

HIIHFWLYH� +RZHYHU� WKHVH V\VWHPV DUH QRW UHDGLO\ XVHG E\ KRVSLWDOV EHFDXVH WKH\ DUH WRR� � � � � � � � � � � � � �

H[SHQVLYH��FRVWLQJ�KXQGUHGV�WR�WKRXVDQGV�RI�GROODUV�SHU�PDWWUHVV�>��@>��@��

��



�

7KHUH DUH D OLPLWHG QXPEHU RI GHYLFHV FXUUHQWO\ RQ WKH PDUNHW WKDW XVH VHQVLQJ V\VWHPV� � � � � � � � � � � � � � �

IRU SUHVVXUH XOFHU SUHYHQWLRQ� 7KHVH GHYLFHV DUH QRW UHDGLO\ LPSOHPHQWHG LQ KRVSLWDOV GXH WR WKHLU� � � � � � � � � � � � � � �

KLJK FRVW� 7KHVH V\VWHPV DUH DEOH WR WUDFN FHUWDLQ ULVN IDFWRUV LQFOXGLQJ PRELOLW\� SUHVVXUH� � � � � � � � � � � � � �

GLVWULEXWLRQ� DQG VNLQ WHPSHUDWXUH� LQ UHDO�WLPH DQG JLYH DOHUWV RQ WKH SDWLHQW¶V VWDWXV� 2QH� � � � � � � � � � � � � �

H[DPSOH RI D VHQVRU V\VWHP WKDW LV XVHG WR SUHYHQW SUHVVXUH XOFHUV LV DGKHVLYH DQG ZLUHOHVV� � � � � � � � � � � � � � � �

DFFHOHURPHWHUV� 7KHVH W\SHV RI GHYLFHV WUDFN WKH SDWLHQW¶V RULHQWDWLRQ� SRVLWLRQ� PRYHPHQW� DQG� � � � � � � � � � � �

DFWLYLW\ WR GHWHUPLQH WKH SDWLHQW¶V PRELOLW\ DQG SUHVVXUH XOFHU ULVN >��@� 7KH /HDI VHQVRU LV DQ� � � � � � � � � � � � � � � �

H[DPSOH�RI�WKLV�WHFKQRORJ\�DQG�FDQ�EH�IRXQG�LQ�$SSHQGL[�%���>��@���

$QRWKHU H[DPSOH RI D VHQVRU V\VWHP LV WHPSHUDWXUH VHQVLQJ GHYLFHV OLNH WKH �WHPSHUDWXUH� � � � � � � � � � � � �

VHQVLQJ VRFNV IRXQG LQ $SSHQGL[ %�� >��@� ,W KDV EHHQ VKRZQ WKDW LQFUHDVHG VNLQ WHPSHUDWXUH FDQ� � � � � � � � � � � � � � � �

EH D VLJQ RI WLVVXH LQIODPPDWLRQ� ZKLFK LV LQGLFDWLYH RI WLVVXH GHJUDGDWLRQ RU LQIHFWLRQ� 7KDW LV� � � � � � � � � � � � � � � �

ZK\ SUHVVXUH XOFHU GHYHORSPHQW FRXOG EH LQGLFDWHG E\ DQ LQFUHDVH LQ VNLQ WHPSHUDWXUH >��@�� � � � � � � � � � � � � �

7KHVH VRFNV DUH HPEHGGHG ZLWK WHPSHUDWXUH VHQVRUV WKDW PRQLWRU FKDQJHV LQ VNLQ WHPSHUDWXUH RI� � � � � � � � � � � � � �

WKH�IHHW���

7KH ILQDO W\SH RI VHQVRU V\VWHP LV SUHVVXUH YLVXDOL]DWLRQ V\VWHPV� ZKLFK XWLOL]H �PDWWUHVV� � � � � � � � � � � � �

SDGV ILWWHG ZLWK SUHVVXUH VHQVRUV WR UHOD\ UHDO�WLPH SUHVVXUH GDWD WR D XVHU LQWHUIDFH� 7KLV� � � � � � � � � � � � � � �

LQWHUIDFH GLVSOD\V D SUHVVXUH PDS DQG JLYHV UHDO�WLPH IHHGEDFN DERXW WKH VXFFHVV RI UHSRVLWLRQLQJ� � � � � � � � � � � � � �

>��@� $Q H[DPSOH RI D SUHVVXUH YLVXDOL]DWLRQ V\VWHP� WKH %RGL7UDN�� LV VKRZQ LQ PRUH GHWDLO LQ� � � � � � � � � � � � � � � �

%���>��@��

&XUUHQW�3DWHQWV��

&XUUHQW SDWHQWV WHQG WR JHQHUDOO\ RXWOLQH KRZ VHQVRUV DQG VHQVRU V\VWHPV VKRXOG EH VHW� � � � � � � � � � � � � �

XS� $Q H[DPSOH RI WKLV LV WKH SDWHQW LQ %��� ZKLFK RXWOLQHV KRZ VHQVRUV VKRXOG EH HPEHGGHG� � � � � � � � � � � � � � � � �

��



�

ZLWKLQ D VXSSRUWLQJ VXUIDFH DQG KRZ WKHVH VHQVRUV VKRXOG FRQQHFW WR D GDWD SURFHVVRU >��@�� � � � � � � � � � � � � � �

$QRWKHU SDWHQW IRXQG LQ %�� RXWOLQHV KRZ SUHVVXUH VHQVRUV ZRXOG FRQQHFW WR D PLFURFRQWUROOHU� � � � � � � � � � � � � �

DQG DQ DODUP ZRXOG EH VRXQGHG ZKHQ D FHUWDLQ SUHVVXUH RYHU WLPH WKUHVKROG ZDV PHW >��@�� � � � � � � � � � � � � � � �

+RZHYHU� WKH JHQHUDO SRRO RI SDWHQWV GRHV QRW GLVFXVV KRZ WR FUHDWH DQ DFFXUDWH ULVN DOJRULWKP� � � � � � � � � � � � � � � �

WKURXJK WKH LQFRUSRUDWLRQ RI WKH %UDGHQ 6FDOH� 2XU SURGXFW JRHV EH\RQG WKH JHQHUDO SRRO RI� � � � � � � � � � � � � � �

SDWHQWV DQG FXUUHQW SUHVVXUH YLVXDOL]DWLRQ V\VWHPV WKURXJK WKH LQFRUSRUDWLRQ RI D ULVN DOJRULWKP� � � � � � � � � � � � �

ZKLFK WDNHV LQWR DFFRXQW ULVN IDFWRUV RI WKH %UDGHQ 6FDOH� VXFK DV QXWULWLRQ DQG VHQVRU\� � � � � � � � � � � � � � �

SHUFHSWLRQ��ZKLFK�DUH�RIWHQ�OHIW�RXW�RI�SDWHQWHG�GHYLFHV�� �

�

3UREOHP�6WDWHPHQW�

+RVSLWDO DFTXLUHG SUHVVXUH XOFHUV �+$38V�� DOVR FDOOHG EHGVRUHV� DUH GDPDJH WR WKH VNLQ� � � � � � � � � � � � �

DQG�RU XQGHUO\LQJ WLVVXH FDXVHG E\ SURORQJHG SUHVVXUH RQ WKH ERQ\ DUHDV RI WKH ERG\ >�@� 7KHUH� � � � � � � � � � � � � � � �

DUH ���� PLOOLRQ RFFXUUHQFHV RI +$38V FRVWLQJ KRVSLWDOV ���������� ELOOLRQ SHU \HDU LQ WKH 86� � � � � � � � � � � � � � �

>��@ �� 5HJLRQV RI WKH ERG\ WKDW DUH SDUWLFXODUO\ VXVFHSWLEOH WR SUHVVXUH XOFHUV LQFOXGH WKH EDFN RI� � � � � � � � � � � � � � � �

WKH KHDG� VDFUXP� DQG KHHOV� ZLWK DURXQG ��� RI SUHVVXUH XOFHUV RFFXUULQJ LQ WKH KHHO UHJLRQ� � � � � � � � � � � � � � � �

>��@� &RPPRQ SODFHV RI RFFXUUHQFH DUH LQWHQVLYH DQG JHQHUDO FDUH XQLWV� ZKHUH SDWLHQWV RIWHQ� � � � � � � � � � � � � �

KDYH GHFUHDVHG PRELOLW\ IRU H[WHQGHG SHULRGV RI WLPH >��@� 5LVN IDFWRUV IRU +$38V� DV RXWOLQHG� � � � � � � � � � � � � � �

E\ 7KH %UDGHQ 6FDOH� LQFOXGH� SURORQJHG SUHVVXUH� SDWLHQW FRPPXQLFDWLRQ� GHJUHH RI PRLVWXUH�� � � � � � � � � � � �

SDWLHQW DFWLYLW\ OHYHO� PRELOLW\ OHYHO� QXWULWLRQ� DQG GHJUHH RI IULFWLRQ FDXVHG E\ PRYHPHQWV >�@�� � � � � � � � � � � � � �

&XUUHQWO\� WKH PRVW FRPPRQ SUDFWLFH IRU SUHYHQWLQJ +$38V LV PDQXDO UHSRVLWLRQLQJ RI SDWLHQWV� � � � � � � � � � � � �

HYHU\ ��� KRXUV DUELWUDULO\ E\ QXUVHV >�@� �$GGUHVVLQJ WKH SUHYDOHQFH RI KRVSLWDO DFTXLUHG� � � � � � � � � � � � �

SUHVVXUH XOFHUV LQ WKH KHHO UHJLRQ RI ORZ PRELOLW\ SDWLHQWV WKURXJK DQ XOFHUDWLRQ ULVN� � � � � � � � � � � � � �

��



�

VHQVLQJ V\VWHP FRXOG OHDG WR IDVWHU UHFRYHU\ WLPH� D GHFUHDVH LQ WKH RYHUDOO FRVW RI� � � � � � � � � � � � � � �

WUHDWPHQW��DQG�D�GHFUHDVHG�EXUGHQ�RQ�QXUVHV��DOORZLQJ�WKHP�WR�EHWWHU�RSWLPL]H�WKHLU�WLPH��

�

'HVLJQ�2EMHFWLYHV�

7R DGGUHVV WKH SUREOHP RI +$38V� ZH QHHGHG WR HVWDEOLVK WKH PDLQ JRDOV RI RXU GHVLJQ�� � � � � � � � � � � � � � � �

2XU WHDP FKRVH WR EUHDN XS RXU GHVLJQ LQWR WKH HOHFWULFDO V\VWHP DQG IRUP IDFWRU� DV ZH ZDQWHG� � � � � � � � � � � � � � � � � �

HDFK FRPSRQHQW WR DFFRPSOLVK GLIIHUHQW REMHFWLYHV� 7DEOH � RXWOLQHV WKH NH\ REMHFWLYHV IRU ERWK� � � � � � � � � � � � � �

GHVLJQ�FRPSRQHQWV��7KH�IXOO�REMHFWLYH�WUHHV�FDQ�EH�IRXQG�LQ�&����

�
7DEOH����+LJKOLJKWV�WKH�PDLQ�REMHFWLYHV�RI�WKH�WZR�SDUWV�RI�WKH�GHYLFH��WKH�HOHFWULFDO�V\VWHP�FRPSRQHQW�DQG�
WKH�IRUP�IDFWRU���

� (OHFWULFDO�6\VWHP� )RUP�)DFWRU�

0DLQ�
2EMHFWLYHV�

$FFXUDWH� %LRFRPSDWLEOH�

6LPSOH� &RPIRUWDEOH�

$IIRUGDEOH�

�
(OHFWULFDO�&RPSRQHQW��

)RU WKH HOHFWULFDO FRPSRQHQW RI RXU GHVLJQ� ZH DLPHG WR IRFXV RQ DFFXUDF\� VLPSOLFLW\�� � � � � � � � � � � � � �

DQG DIIRUGDELOLW\� DV VKRZQ LQ 7DEOH �� 2XU WHDP FKRVH DFFXUDF\� DV ZH ZDQWHG RXU V\VWHP WR� � � � � � � � � � � � � � � � �

HOLPLQDWH WKH DUELWUDU\ QDWXUH RI WKH FXUUHQW SUHYHQWLRQ PHWKRG RI UHSRVLWLRQLQJ WKH SDWLHQW HYHU\� � � � � � � � � � � � � �

��� KRXUV� $FFXUDF\ UHIHUV WR WKH YDOLGLW\ RI RXU VHQVRU� DV ZHOO DV WKH XVHU LQWHUIDFH RI RXU� � � � � � � � � � � � � � � � � �

GHVLJQ� ZKLFK DVVLVWV QXUVHV LQ KHOSLQJ UHOLHYH SUHVVXUH PRUH HIIHFWLYHO\� :H ZRXOG DOVR OLNH RXU� � � � � � � � � � � � � � �

V\VWHP WR EH UHDO�WLPH� ZKLFK ZLOO DOORZ WKH SDWLHQW WR EH FRQWLQXRXVO\ PRQLWRUHG DQG DV D UHVXOW� � � � � � � � � � � � � � � � �

LPSURYH�DFFXUDF\���

��



�

2XU VHFRQG PDMRU JRDO ZDV WR HPSKDVL]H VLPSOLFLW\ DQG HDVH RI XVH LQ RXU GHVLJQ� 7KLV� � � � � � � � � � � � � � � �

ZRXOG DOORZ XV WR EHWWHU DVVLVW QXUVHV E\ JLYLQJ WKHP JXLGDQFH RQ SUHVVXUH FRQGLWLRQV DW WKH� � � � � � � � � � � � � � � �

KHHOV DQG WKH FXUUHQW XOFHUDWLRQ ULVN OHYHO RI WKH SDWLHQW� LQ RUGHU WR DVVHVV ZKHQ VKLIWLQJ LV� � � � � � � � � � � � � � � � �

QHFHVVDU\��7KLV�REMHFWLYH�LV�DGGUHVVHG�E\�WKH�XVHU�LQWHUIDFH�RI�RXU�GHVLJQ��

2XU WKLUG REMHFWLYH LV WR PDNH WKH GHYLFH DIIRUGDEOH� 7KH SURGXFWV FXUUHQWO\ RQ WKH� � � � � � � � � � � � � �

PDUNHW DUH RIWHQ H[SHQVLYH� FRVWLQJ KXQGUHGV WR WKRXVDQGV RI GROODUV� DQG IRU WKDW UHDVRQ DUH QRW� � � � � � � � � � � � � � � �

IUHTXHQWO\ VHHQ LQ WKH KRVSLWDO VHWWLQJ >��@� 0DNLQJ RXU GHVLJQ D PRUH DIIRUGDEOH RSWLRQ IRU� � � � � � � � � � � � � � �

KRVSLWDOV�ZLOO�PDNH�RXU�GHYLFH�PRUH�PDUNHWDEOH���

:KLOH HOHFWULFDO VDIHW\ LV LPSRUWDQW WR RXU GHVLJQ� WKH GHYLFH ZRXOG UHPDLQ RXWVLGH RI WKH� � � � � � � � � � � � � � �

ERG\� ZKLFK ZRXOG WKHUHIRUH SRVH D VPDOOHU ULVN WR WKH SDWLHQW WKDQ DQ LQWHUQDO GHYLFH ZRXOG�� � � � � � � � � � � � � � � �

2WKHU GHVLJQ REMHFWLYHV WKDW RXU WHDP LGHQWLILHG LQFOXGH GXUDELOLW\ DQG FXVWRPL]DELOLW\ IRU DOO ULVN� � � � � � � � � � � � � �

FDWHJRULHV�DQG�ERG\�W\SHV��WKRXJK�WKHVH�DUH�QRW�SDUW�RI�RXU�PDLQ�REMHFWLYHV��

)RUP�)DFWRU��

7KH VHFRQG SDUW RI RXU GHVLJQ LV RXU IRUP IDFWRU� ZKLFK KRXVHV WKH HOHFWULFDO V\VWHP DQG� � � � � � � � � � � � � � � �

LV LQ FRQWDFW ZLWK WKH SDWLHQW� 7KH PDLQ JRDO RI WKH GHVLJQ IRUPDW LV WR SURYLGH DQ LQWHUIDFH� � � � � � � � � � � � � � � � � �

EHWZHHQ WKH HOHFWULFDO FRPSRQHQWV DQG WKH VNLQ RI WKH SDWLHQW WKDW GRHV QRW FDXVH DQ\ KDUP WR WKH� � � � � � � � � � � � � � � � � �

SDWLHQW� )RU WKLV UHDVRQ� ZH HPSKDVL]HG ELRFRPSDWLELOLW\ WR HQVXUH WKDW RXU GHVLJQ IRUPDW ZRXOG� � � � � � � � � � � � � �

QRW FDXVH DQ\ LUULWDWLRQ RI WKH VNLQ� DQG ZRXOG QRW ZRUVHQ WKH RYHUDOO VNLQ FRQGLWLRQ� ZKLFK FRXOG� � � � � � � � � � � � � � � � �

LQFUHDVH�D�SDWLHQW¶V�VXVFHSWLELOLW\�WR�+$38V���

.HHSLQJ SDWLHQW QHHGV LQ PLQG� ZH DOVR ZDQWHG WKH GHVLJQ IRUPDW WR EH FRPIRUWDEOH IRU� � � � � � � � � � � � � � �

WKH SDWLHQW¶V KHHOV WR UHVW RQ� 7R RSWLPL]H PDUNHWDELOLW\� WKH GHVLJQ VKRXOG DOVR EH DIIRUGDEOH� :H� � � � � � � � � � � � � � � �

ZDQWHG WKH GHVLJQ WR EH VLPSOH� VR WKH QXUVHV FDQ HDVLO\ DQG HIIHFWLYHO\ XVH WKH GHYLFH� 7KH� � � � � � � � � � � � � � � � �

���



�

GHVLJQ PXVW DOVR EH GXUDEOH WR SURWHFW WKH HOHFWULFDO V\VWHP IURP JHQHUDO ZHDU DQG WHDU� +DYLQJ� � � � � � � � � � � � � � � �

RXU GHVLJQ EH UHXVDEOH ZRXOG EHQHILW RXU GHVLJQ� EXW LV QRW D QHFHVVLW\� .HHSLQJ ERWK SDUWV RI WKH� � � � � � � � � � � � � � � � � �

GHVLJQ LQ PLQG� WKHVH REMHFWLYHV DOORZHG XV WR SULRULWL]H RXU PDLQ JRDOV RI HDFK GHVLJQ� � � � � � � � � � � � � � �

FRPSRQHQW��DV�ZHOO�DV�FUHDWH�DQ�LQQRYDWLYH�GHVLJQ���

�

'HVLJQ�)XQFWLRQV�DQG�6SHFLILFDWLRQV�

.HHSLQJ LQ PLQG RXU PDLQ REMHFWLYHV� ZH EURNH RXU IXQFWLRQV LQWR WKUHH PDLQ FDWHJRULHV�� � � � � � � � � � � � � �

GHWHFW��WUDFN��DQG�LQWHUSUHW��DV�VKRZQ�LQ�7DEOH�����

7DEOH����6XPPDU\�WDEOH�RI�PDLQ�IXQFWLRQV���

0DLQ�)XQFWLRQV�

�� 'HWHFW� �� 7UDFN� �� ,QWHUSUHW�

3UHVVXUH� 3UHVVXUH�RYHU�

WLPH�

&DWHJRUL]H�SUHVVXUH�XOFHU�ULVN�

%UDGHQ�6FDOH�8VHU�,QSXWV� 'LVSOD\�SUHVVXUH�RYHU�WLPH�YLVXDO�

�
'HWHFWLRQ IRFXVHV RQ SUHVVXUH� DV ZHOO DV WKH XVHU LQSXW IRU WKH %UDGHQ 6FDOH ULVN IDFWRUV�� � � � � � � � � � � � � � � �

8VHU LQSXW IRU ULVN IDFWRUV ZLOO DOORZ IRU RSWLPDO SDWLHQW ULVN DVVHVVPHQW� 7KH VHFRQG PDLQ� � � � � � � � � � � � � � �

IXQFWLRQ� WUDFNLQJ� JLYHV UHDO�WLPH GDWD WUDFNLQJ IRU WKH VHQVRU LQSXWV� 7UDFNLQJ SUHVVXUH RYHU� � � � � � � � � � � � �

WLPH DOORZV XV WR UHFRUG SUHVVXUH DW WKH KHHOV DQG VKRZ FKDQJHV LQ SUHVVXUH RYHU WLPH� 7KH ILQDO� � � � � � � � � � � � � � � � � �

IXQFWLRQ� LQWHUSUHW� LQYROYHV FRPELQLQJ GDWD IURP WKH GHWHFWLRQ DQG WUDFNLQJ VWDJHV� DQG� � � � � � � � � � � �

FDWHJRUL]LQJ SUHVVXUH XOFHU ULVN LQWR VSHFLILHG ULVN OHYHOV� 7KH RXWSXW LV WKH XVHU LQWHUIDFH RI RXU� � � � � � � � � � � � � � � �

SURGXFW��ZKLFK�LQYROYHV�D�YLVXDO�GLVSOD\LQJ�XOFHUDWLRQ�ULVN�DQG�D�JUDSK�RI�SUHVVXUH�YV��WLPH���

0DQ\ RI WKHVH IXQFWLRQV DUH ELQDU\� )RU H[DPSOH� WKH GHYLFH ZLOO HLWKHU KDYH D YLVXDO� � � � � � � � � � � � � � �

GLVSOD\ RU QRW� DQG LW ZLOO HLWKHU UHFHLYH %UDGHQ 6FDOH LQSXWV RU QRW� '�� LQFOXGHV DQ LQ GHSWK� � � � � � � � � � � � � � � � � �

YLHZ RI RXU WHDPV IXQFWLRQV DQG D FRUUHVSRQGLQJ VSHFLILFDWLRQV FKDUW� 7KURXJK WKHVH IXQFWLRQV�� � � � � � � � � � � � �

���



�

RXU GHYLFH ZRUNV WR RYHUFRPH WKH VKRUWFRPLQJV RI FXUUHQW GHYLFHV RQ WKH PDUNHW E\� � � � � � � � � � � � � �

LQFRUSRUDWLQJ SUHVVXUH XOFHUDWLRQ ULVN IDFWRUV IURP WKH %UDGHQ 6FDOH� 7KHVH IXQFWLRQV DOVR� � � � � � � � � � � �

SURYLGH�D�YLDEOH�PHWKRG�IRU�DFFXUDWHO\�DQG�HIIHFWLYHO\�GHWHUPLQLQJ�XOFHUDWLRQ�ULVN���

�
'HVLJQ�5HTXLUHPHQWV�

7DEOH � RXWOLQHV WKH WRS WKUHH GHVLJQ UHTXLUHPHQWV IRU RXU +$38 SUHYHQWLRQ V\VWHP� :H� � � � � � � � � � � � � �

FKRVH WKHVH DV RXU WRS GHVLJQ UHTXLUHPHQWV� DV WKHLU IXQFWLRQDOLW\ LV FUXFLDO WR RXU V\VWHP� � � � � � � � � � � � � � �

SHUIRUPDQFH�DQG�LWV�DELOLW\�WR�DFFXUDWHO\�SUHYHQW�+$38V��

7DEOH����7RS�WKUHH�GHVLJQ�UHTXLUHPHQWV��

)XQFWLRQ� 0HWULF� 8QLW�� 0DUJLQDO�
9DOXH�

,GHDO�9DOXH� 6SHFLILFDWLRQ�
7\SH�

'HWHFW�
SUHVVXUH��

3UHVVXUH� PP+J� ������>��@� ������>��@� 2EMHFWLYH�	�
1XPHULF�

7UDFN�
SUHVVXUH�RYHU�

WLPH�

�7LPH� �+RXUV�� ��>�@� &RQWLQXRXV� 2EMHFWLYH�	�
1XPHULF�

&DWHJRUL]H�
SUHVVXUH�XOFHU�

ULVN�

5LVN�/HYHO� 1�$� ��/HYHOV� �����/HYHOV� 2EMHFWLYH�

�

7KH ILUVW UHTXLUHPHQW LV WKDW WKH GHYLFH PXVW GHWHFW SUHVVXUH� ,GHDOO\� RXU GHYLFH ZLOO EH� � � � � � � � � � � � � � �

DEOH WR GHWHFW SUHVVXUH OHYHOV XS WR ��� PP+J� DQG PDUJLQDOO\ XS WR ��� PP+J� :H FKRVH WKLV� � � � � � � � � � � � � � � � � �

DV D WRS UHTXLUHPHQW EHFDXVH LW LV WKH PRVW LPSRUWDQW LQGLFDWRU RI SUHVVXUH XOFHUDWLRQ ULVN� 7KHVH� � � � � � � � � � � � � � � �

SUHVVXUH YDOXHV DUH EDVHG RQ WKH YDOXHV JLYHQ E\ WKH 5HVZLFN DQG 5RJHUV FXUYH� ZKLFK SUHGLFWV� � � � � � � � � � � � � � � �

XOFHUDWLRQ�ULVN�>��@���

7KH VHFRQG UHTXLUHPHQW LV WKDW RXU GHYLFH WUDFNV SUHVVXUH RYHU WLPH� ,GHDOO\� RXU GHYLFH� � � � � � � � � � � � � �

ZLOO FRQWLQXRXVO\ WUDFN SUHVVXUH RYHU WLPH� RU PDUJLQDOO\ HYHU\ KRXU� 7KLV UHTXLUHPHQW LV FUXFLDO� � � � � � � � � � � � � �

���



�

IRU RXU GHYLFH DV LW LQIRUPV KRZ DFFXUDWHO\ RXU V\VWHP LV DW GHWHUPLQLQJ +$38 ULVN DQG GLFWDWHV� � � � � � � � � � � � � � � � �

ZKHWKHU RXU GHYLFH LV LQIRUPLQJ WKH XVHU RI UHDO�WLPH HYHQWV� )RU H[DPSOH� LI WKH V\VWHP RQO\� � � � � � � � � � � � � � � �

XSGDWHG WKH XVHU HYHU\ IHZ KRXUV� D SUHVVXUH XOFHU FRXOG KDYH DOUHDG\ GHYHORSHG ZLWKLQ WKDW WLPH� � � � � � � � � � � � � � � �

SHULRG��

2XU ILQDO GHVLJQ UHTXLUHPHQW LV WKDW RXU GHYLFH PXVW DFFXUDWHO\ FDWHJRUL]H WKH +$38 ULVN� � � � � � � � � � � � � �

LQWR PDUJLQDOO\ � ULVN OHYHOV� DQG LGHDOO\ � ULVN OHYHOV� 7KLV UHTXLUHPHQW LQIRUPV ZKHWKHU WKH ULVN� � � � � � � � � � � � � � � �

DOJRULWKP LV DFFXUDWHO\ LGHQWLI\LQJ SUHVVXUH XOFHUDWLRQ ULVN DQG ZKHWKHU RU QRW LW KDV JRRG� � � � � � � � � � � � � �

VHQVLWLYLW\� $ JUHDWHU QXPEHU RI ULVN OHYHOV ZRXOG PHDQ WKDW RXU GHYLFH FRXOG GLIIHUHQWLDWH� � � � � � � � � � � � � �

EHWZHHQ�VPDOOHU�FKDQJHV�LQ�SUHVVXUH�DQG�RWKHU�ULVN�IDFWRUV���

�

'RFXPHQWDWLRQ�RI�3URSRVHG�'HVLJQ�

2XU ILQDO GHVLJQ VROXWLRQ LV D SUHVVXUH VHQVLQJ V\VWHP WKDW XWLOL]HV UHDO�WLPH VHQVLQJ GDWD� � � � � � � � � � � � � �

DQG XVHU LQSXWV WR JLYH DQ DFFXUDWH UHDO�WLPH XOFHUDWLRQ ULVN DVVHVVPHQW� 7KH VHQVRU LV HPEHGGHG� � � � � � � � � � � � � � �

ZLWKLQ D VLOLFRQH IRDP KHHO FXS WKDW LV VHFXUHG WR WKH SDWLHQW¶V KHHO� DQG D XVHU LQWHUIDFH LV XVHG WR� � � � � � � � � � � � � � � � � � � �

FRPPXQLFDWH�XOFHUDWLRQ�ULVN�WR�SDWLHQW�FDUHJLYHUV��

5LVN�$OJRULWKP��

,Q RUGHU WR GHWHUPLQH WKH UHDO�WLPH XOFHUDWLRQ ULVN OHYHO RI D SDWLHQW� RXU WHDP GHYHORSHG D� � � � � � � � � � � � � � � �

ULVN DOJRULWKP WKDW LQFRUSRUDWHV �� UHDO�WLPH SUHVVXUH GDWD VHQW ZLUHOHVVO\ RYHU %OXHWRRWK IURP D� � � � � � � � � � � � � �

IRUFH VHQVLWLYH UHVLVWRU �)65� WR 0$7/$% RQ WKH FRPSXWHU DQG �� %UDGHQ 6FDOH YDOXHV GLUHFWO\� � � � � � � � � � � � � � �

LQSXWWHG LQWR RXU V\VWHP E\ WKH QXUVH� )65V XVH FRQGXFWLYH ILOP DQG FRQGXFWLYH SULQW WR FKDQJH� � � � � � � � � � � � � � � �

UHVLVWDQFH DV DQ H[WHUQDO IRUFH RU SUHVVXUH LV DSSOLHG� L�H� DV PRUH SUHVVXUH LV DSSOLHG WR WKH� � � � � � � � � � � � � � � � �

���



�

V\VWHP� WKH FRQGXFWLYH OD\HUV KDYH LQFUHDVHG FRQWDFW� ZKLFK FDXVHV WKH UHVLVWDQFH WR GHFUHDVH�� � � � � � � � � � � � �

)LJXUH���VKRZV�WKH�JHQHUDO�RYHUYLHZ�RI�KRZ�WKH�DOJRULWKP�ZRUNV���

�
)LJXUH�����5LVN�DOJRULWKP�IORZ�FKDUW�IRU�RXU�SUHVVXUH�XOFHU�SUHYHQWLRQ�V\VWHP��

7KH ULVN DOJRULWKP VHUYHV DV DQ DGYDQFHG YHUVLRQ RI WKH %UDGHQ 6FDOH HYDOXDWLRQ� DV LW� � � � � � � � � � � � � � �

WDNHV LQWR DFFRXQW LQGLYLGXDO SDWLHQW ULVN IDFWRUV� DV ZHOO DV UHDO�WLPH SUHVVXUH UHDGLQJV� 7KH� � � � � � � � � � � � � �

QXUVH ZLOO SURYLGH LQSXWV IRU WKH %UDGHQ 6FDOH LQWR WKH XVHU LQWHUIDFH� 7KH YDOXHV DUH WKHQ WRWDOHG�� � � � � � � � � � � � � � � � �

JLYLQJ WKH %UDGHQ 6FDOH ULVN QXPEHU� ZKLFK LV FDWHJRUL]HG DV ORZ� PRGHUDWH� KLJK� RU VHYHUH ULVN� � � � � � � � � � � � � � � �

EDVHG�RQ�WKH�SUH�HVWDEOLVKHG�%UDGHQ�6FDOH�UDQJHV��)LJXUH�����

�
)LJXUH����&XUUHQW�DOJRULWKP�DOORZV�LQSXW�RI�%UDGHQ�6FDOH�YDOXHV�LQWR�D�GLDORJ�ER[�DQG�RXWSXWV�WKH�
%UDGHQ�6FDOH�ULVN�LQ�WKH�FRPPDQG�ZLQGRZ�RI�0$7/$%��

���



�

�
6LPXOWDQHRXVO\� WKH LQFRPLQJ IRUFH YDOXH LV FRQYHUWHG LQWR SUHVVXUH LQ PP+J� EDVHG RQ� � � � � � � � � � � � �

WKH )65 VHQVLQJ DUHD� DQG LV FRPSDUHG DJDLQVW WKH 5HVZLFN DQG 5RJHUV FXUYH� 7KH 5HVZLFN DQG� � � � � � � � � � � � � � � �

5RJHUV FXUYH LV DQ HVWDEOLVKHG FXUYH GHPRQVWUDWLQJ SUHVVXUH RYHU WLPH WROHUDQFH IRU GHYHORSLQJ D� � � � � � � � � � � � � �

SUHVVXUH XOFHU� 7KH RULJLQDO 5HVZLFN DQG 5RJHUV FXUYH LV EURNHQ LQWR WKUHH FDWHJRULHV�� � � � � � � � � � � � �

DFFHSWDEOH��PDUJLQDO��DQG�XQDFFHSWDEOH��)LJXUH�����

�
)LJXUH����5HVZLFN�DQG�5RJHUV�&XUYH��*XLGHOLQHV�IRU�VLWWLQJ�GXUDWLRQ��7KLV�JUDSK�SURYLGHV�JXLGHOLQHV�RQ�
VLWWLQJ�WROHUDQFH�EDVHG�RQ�WKH�PDJQLWXGH�RI�ORFDOL]HG�SUHVVXUH�>��@��
�

:H IHOW WKDW WKH UDQJH RI DFFHSWDEOH SUHVVXUHV RYHU WLPH ZDV WRR ODUJH� VR ZH FKRVH WR� � � � � � � � � � � � � � � � �

IXUWKHU GLYLGH WKH FXUYH LQWR � FDWHJRULHV� ORZ� PRGHUDWH� KLJK� DQG VHYHUH �)LJXUH ��� 'HSHQGLQJ� � � � � � � � � � � � � � �

RQ WKH VDPSOLQJ WLPH� HDFK SUHVVXUH GDWD VDPSOH LV FRPSDUHG WR WKH PRGLILHG FXUYH DQG LV� � � � � � � � � � � � � � � �

GHVLJQDWHG�D�SUHVVXUH�ULVN�YDOXH���

���



�

�
)LJXUH����2XU�PRGLILHG�5HZLFN�DQG�5RJHUV�&XUYH�ZKLFK�EUHDNV�WKH�FXUYH�LQWR�IRXU�VHFWRUV�UDQJLQJ�IURP�
����FRUUHVSRQGLQJ�WR�ORZ��PRGHUDWH��KLJK��DQG�VHYHUH�XOFHUDWLRQ�ULVN���
�

2QFH WKH %UDGHQ 6FDOH DQG SUHVVXUH YHUVXV WLPH YDOXHV KDYH EHHQ FDWHJRUL]HG� WKH\ DUH� � � � � � � � � � � � � �

FRPSDUHG WR HDFK RWKHU DQG DUH SODFHG LQWR D ILQDO ULVN OHYHO XVLQJ RXU ULVN FRPELQDWLRQ WDEOH�� � � � � � � � � � � � � � � � �

ZKLFK UDQJHV IURP ORZ WR VHYHUH� ZLWK HDFK OHYHO LQGLFDWLQJ DQ LQFUHDVHG ULVN RI XOFHUDWLRQ� � � � � � � � � � � � � � �

�7DEOH ��� :LWK IXUWKHU WHVWLQJ� WKLV WDEOH FRXOG EH PRGLILHG DQG UHILQHG DQG RXU V\VWHP FRXOG EH� � � � � � � � � � � � � � � � �

XVHG DV D GDWD FROOHFWLRQ WRRO VLQFH WKHUH LV YHU\ OLWWOH GDWD FXUUHQWO\ DYDLODEOH RQ SUHVVXUH RYHU� � � � � � � � � � � � � � � � �

WLPH�YDOXHV�IRU�SUHVVXUH�XOFHU�IRUPDWLRQ���

7DEOH����5LVN�&RPELQDWLRQ�7DEOH��

� %UDGHQ�6FDOH�5LVN�&DWHJRULHV�

5HDO�WLPH�
3UHVVXUH�
5LVN�

&DWHJRULHV�

� 6HYHUH� +LJK� 0RGHUDWH� /RZ�

6HYHUH� 6HYHUH� 6HYHUH� 6HYHUH� +LJK�

+LJK� 6HYHUH� +LJK� +LJK� 0RGHUDWH�

0RGHUDWH� +LJK� 0RGHUDWH� 0RGHUDWH� /RZ�

/RZ� 0RGHUDWH� 0RGHUDWH� /RZ� /RZ�
�

���



�

$ORQJ ZLWK ULVN OHYHO� RXU XVHU LQWHUIDFH GLVSOD\V D UHDO�WLPH SORW RI SUHVVXUH YHUVXV WLPH� � � � � � � � � � � � � � �

RYHUOD\HG ZLWK RXU PRGLILHG 5HVZLFN DQG 5RJHUV FXUYH �)LJXUH ��� 7KH SORW UHVHWV ZKHQHYHU WKH� � � � � � � � � � � � � � �

SUHVVXUH UHDGLQJ LV ]HUR� ZKLFK VLPXODWHV WKH SDWLHQW EHLQJ UHSRVLWLRQHG� 8SRQ IXUWKHU� � � � � � � � � � � �

GHYHORSPHQW� WKLV UHVHWWLQJ FRPPDQG FRXOG EH UHILQHG WR UHVHW ZKHQ WKH SUHVVXUH H[SHULHQFHV D� � � � � � � � � � � � � �

VLJQLILFDQW GURS EXW GRHV QRW JR GRZQ WR ]HUR� UHSUHVHQWLQJ D SDWLHQW VKLIWLQJ RQ WKHLU RZQ� � � � � � � � � � � � � � � �

ZLWKRXW IXOO\ OLIWLQJ WKHLU KHHO� )XUWKHU GDWD FROOHFWLRQ ZRXOG QHHG WR EH FRQGXFWHG WR GHWHUPLQH� � � � � � � � � � � � � � �

ZKDW FKDQJH LQ SUHVVXUH DVVXUHV WKDW WKH SDWLHQW KDV VXIILFLHQWO\ UHSRVLWLRQHG WR DYRLG IRUPLQJ D� � � � � � � � � � � � � � �

SUHVVXUH�XOFHU���

�
)LJXUH����6QDSVKRW�RI�UHDO�WLPH�SUHVVXUH�GDWD�LQ�PP+J�RYHU�WLPH�LQ�VHFRQGV�IURP�WKH�KHHO�SORWWHG�RYHU�
RXU�PRGLILHG�5HVZLFN�DQG�5RJHUV�FXUYH��&RPPDQG�ZLQGRZ�GLVSOD\V�WKH�FXUUHQW�SUHVVXUH�UHDGLQJ�DQG�WKH�
ILQDO�XOFHUDWLRQ�ULVN�OHYHO�LQ�0$7/$%���
�
�

���



�

6HQVRU�6\VWHP��

,Q RUGHU WR UHFRUG WKH )65 GDWD DQG VHQG LW WR WKH 0$7/$% ULVN DOJRULWKP� ZH ILUVW KDG� � � � � � � � � � � � � � � � � �

WR GHYHORS RXU FLUFXLW� )LJXUH � VKRZV RXU FXUUHQW FLUFXLW GLDJUDP� 2XU ,QWHUOLQN ��� )65 LV� � � � � � � � � � � � � � � �

DWWDFKHG WKURXJK D YROWDJH GLYLGHU WR WKH $UGXLQR 8QR PLFURFRQWUROOHU� ,Q RUGHU WR VHQG WKH )65� � � � � � � � � � � � � � � �

GDWD ZLUHOHVVO\ WR WKH FRPSXWHU� ZH XVHG DQ +&��� %/( PRGXOH� :H DOVR XVHG D �9 EDWWHU\ SDFN� � � � � � � � � � � � � � � � � �

WR SRZHU WKH FLUFXLW� ,Q WKH IXWXUH� LGHDOO\� D VPDOOHU PLFURFRQWUROOHU ZLWK %/( DQG D EDWWHU\� � � � � � � � � � � � � � � �

ZRXOG EH LPSOHPHQWHG LQ RUGHU WR HPEHG WKH FLUFXLW ZLWKLQ WKH IRUP IDFWRU� $Q LPSRUWDQW IDFWRU� � � � � � � � � � � � � � � �

WKDW RXU WHDP FRQVLGHUHG ZDV ZLUHOHVV GDWD WUDQVIHU� 0LWLJDWLQJ WKH XVH RI ZLUHV LV KHOSIXO LQ WKH� � � � � � � � � � � � � � � � �

FOLQLFDO VHWWLQJ DV ZLUHV WHQG WR JHW LQ WKH ZD\ DQG WKHUH DUH DOUHDG\ VR PDQ\ PDFKLQHV ZLWK ZLUHV� � � � � � � � � � � � � � � � � � �

LQ WKH SDWLHQW
V URRP RU DWWDFKHG WR WKH SDWLHQW� 7KLV LGHD ZDV VXSSRUWHG E\ QXUVH FOLQLFLDQ� � � � � � � � � � � � � � � �

.DWKOHHQ�&DSRQH�IURP�$OEDQ\�0HGLFDO�&HQWHU��

�
)LJXUH����)ULW]LQJ�GLDJUDP�RI�RXU�FXUUHQW�FLUFXLW�� �
�
'HVLJQ�)RUPDW��

,Q WHUPV RI PHFKDQLFDO IRUPDW� WKLV GHVLJQ IRFXVHV RQ WKH KHHOV RI DW�ULVN SDWLHQWV� ZKHUH� � � � � � � � � � � � � � �

DSSUR[LPDWHO\ ��� RI +$38V IRUP� 7KH GHVLJQ IHDWXUHV D IRUFH VHQVLWLYH UHVLVWRU �)65�� � � � � � � � � � � � �

FRQWDLQHG ZLWKLQ D VLOLFRQH IRDP GUHVVLQJ WKDW LV ILWWHG WR WKH KHHO� ZLWK D 9(/&52 VWUDS� � � � � � � � � � � � � � � �

FRQQHFWHG�WR�WKH�GUHVVLQJ��)LJXUHV���	������

���



�

$Q )65 ZDV FKRVHQ RYHU RWKHU IRUFH VHQVRUV GXH WR LWV IOH[LELOLW\ DQG VL]H� 7KH )65� � � � � � � � � � � � � � � �

IHDWXUHG LQ RXU GHVLJQ LV FLUFXODU ZLWK D KDOI LQFK GLDPHWHU VHQVLQJ DUHD� ZKLFK EHVW DSSUR[LPDWHV� � � � � � � � � � � � � � � �

WKH DUHD RI WKH KHHO WKDW LV LQ FRQWDFW ZLWK DQ H[WHUQDO VXUIDFH� 7KH )65 LV IODQNHG E\ D VLOLFRQ� � � � � � � � � � � � � � � � � � � �

LQVHUW ZKLFK HOLPLQDWHV GLUHFW FRQWDFW EHWZHHQ WKH VHQVRU DQG WKH VNLQ E\ VDQGZLFKLQJ LW EHWZHHQ� � � � � � � � � � � � � � �

WKH�VLOLFRQH�IRDP�GUHVVLQJ�DQG�WKH�LQVHUW�� �

6LOLFRQH IRDP ZDV FKRVHQ DV WKH EXON IRUP IDFWRU PDWHULDO� DV LW KDV EHHQ VKRZQ WR UHGXFH� � � � � � � � � � � � � � � � �

WKH LQFLGHQFH RI SUHVVXUH XOFHUV E\ SUHYHQWLQJ WKHP IURP UHDFKLQJ 6WDJH , >��@� 7KH PDWHULDO� � � � � � � � � � � � � � �

KHOSV WR GHFUHDVH SUHVVXUH RYHU DQ DUHD� DV ZHOO DV SUHYHQW VKHDULQJ� $ VWXG\ RI VLOLFRQH IRDP� � � � � � � � � � � � � � � � �

GUHVVLQJV VXJJHVWV WKDW WKH\ VKRXOG EH SDUW RI WKH VWDQGDUG SURWRFRO IRU SUHVVXUH XOFHUV DW WKH KHHO� � � � � � � � � � � � � � � � �

>��@� 6LOLFRQH IRDP LV DOVR D ORZ FRVW PDWHULDO� ZLWK DQ LQGLYLGXDO KHHO GUHVVLQJ FRVWLQJ DURXQG� � � � � � � � � � � � � � � �

��� >��@� ,W LV DOVR D FRPPRQ PDWHULDO XVHG LQ ,QWHQVLYH DQG :RXQG &DUH 8QLWV� PHDQLQJ LW� � � � � � � � � � � � � � � � �

ZRXOG�EH�IDPLOLDU�WR�QXUVHV�� �

7KH 9(/&52 VWUDS VHUYHV WZR PDLQ IXQFWLRQV� VHFXULQJ WKH GUHVVLQJ WR WKH KHHO DQG� � � � � � � � � � � � � �

FRQWDLQLQJ WKH PLFURFRQWUROOHU� 7KH IRUPHU IXQFWLRQ LV QHFHVVDU\ EHFDXVH LW HOLPLQDWHV WKH� � � � � � � � � � � �

QHFHVVLW\ RI DQ DGKHVLYH� ZKLFK FRXOG SRWHQWLDOO\ LQFUHDVH VNLQ GHJUDGDWLRQ� DV ZHOO DV DOORZV WKH� � � � � � � � � � � � � � �

GHYLFH WR EH XVHG RQ ERWK PRELOH DQG LPPRELOH SDWLHQWV� :LWK D VHFXUH FRQQHFWLRQ� WKH GHYLFH� � � � � � � � � � � � � � � �

ZLOO PRYH DV WKH SDWLHQW PRYHV� HOLPLQDWLQJ WKH SRVVLELOLW\ RI WKH SDWLHQW PRYLQJ RII WKH VHQVLQJ� � � � � � � � � � � � � � � �

DUHD� UHVXOWLQJ LQ D IDOVH SUHVVXUH UHDGLQJ� &RQWDLQLQJ WKH HOHFWURQLFV ZLWKLQ WKH 9(/&52 VWUDS� � � � � � � � � � � � � �

NHHSV WKH GHVLJQ FRPSDFW DQG HOLPLQDWHV H[WHUQDO FRPSRQHQWV WKDW PD\ LQWHUIHUH ZLWK FOLQLFDO� � � � � � � � � � � � �

SUDFWLFHV��

7KH ILQDO IRUP IDFWRU ZRUNV WR LQFRUSRUDWH ERWK +$38 SUHYHQWLRQ DQG ULVN GHWHFWLRQ� 7KH� � � � � � � � � � � � � �

GHVLJQ DGGUHVVHV YDU\LQJ SDWLHQW PRELOLW\ OHYHOV� FDQ ILW DURXQG DQ\ VRFN RU H[LVWLQJ GUHVVLQJ�� � � � � � � � � � � � � �

���



�

DQG XWLOL]HV VLOLFRQH IRDP WR GHFUHDVH SUHVVXUH XOFHU LQFLGHQFH� $GGLWLRQDOO\� DV WKLV GHYLFH LV� � � � � � � � � � � � � �

VPDOOHU WKDQ RWKHU VHQVRU V\VWHP GHYLFHV RQ WKH PDUNHW VXFK DV WKH %RGL7UDN�� LW LV FKHDSHU�� � � � � � � � � � � � � � � �

ZKLFK LQFUHDVHV LWV PDUNHWDELOLW\� 2XU WHDP DLPV WR PDNH WKLV SURGXFW DFFHVVLEOH WR DOO KRVSLWDOV�� � � � � � � � � � � � � � �

UDWKHU WKDQ RQO\ ODUJHU KRVSLWDOV ZLWK PRUH PRQH\� ZKLFK LV VRPHWKLQJ WKDW WKH RWKHU SURGXFWV RQ� � � � � � � � � � � � � � � �

WKH�PDUNHW�GR�QRW�RIIHU��

�
)LJXUH����'LDJUDP�RI�IRUP�IDFWRU���

�

)LJXUH����)RUP�IDFWRU�SURWRW\SH�XVLQJ�VLOLFRQH�IRDP�GUHVVLQJ�GHVLJQHG�IRU�WKH�KHHO��

���



�

8VHU�,QWHUIDFH��

$Q LPSRUWDQW DVSHFW RI RXU SURWRW\SH ZDV WKH GHYHORSPHQW RI D XVHU LQWHUIDFH IRU QXUVHV� � � � � � � � � � � � � � �

DQG FOLQLFLDQV� 7KH LQWHUIDFH PXVW EH HDV\ WR LQWHUSUHW� DV ZHOO DV HDV\ WR XVH� 2XU WHDP� � � � � � � � � � � � � � � � �

GHYHORSHG DQ DSS XVLQJ 0$7/$% �)LJXUH �� WR DOORZ QXUVHV WR LQSXW %UDGHQ 6FDOH YDOXHV�� � � � � � � � � � � � � � �

FRQQHFW WR WKH GHYLFH� DQG LQWHUSUHW WKH ULVN OHYHO JHQHUDWHG E\ RXU DOJRULWKP� 2Q WKH OHIW SDQHO�� � � � � � � � � � � � � � � � �

WKH QXUVH FDQ XSGDWH WKH %UDGHQ 6FDOH LQSXW YDOXHV WR HYDOXDWH RU UH�HYDOXDWH WKH SDWLHQW DW DQ\� � � � � � � � � � � � � � � � �

SRLQW LQ WLPH� :KHQ WKH ³%UDGHQ 6FDOH 5LVN /HYHO´ EXWWRQ LV SUHVVHG� WKH %UDGHQ 6FDOH VFRUH LV� � � � � � � � � � � � � � � � �

GHWHUPLQHG DQG GLVSOD\HG LQ WKH ³%UDGHQ 6FDOH 5LVN´ ER[ EHORZ WKH EXWWRQ� 7KH XVHU LQSXW� � � � � � � � � � � � � � �

VHOHFWLRQ IRU WKH %UDGHQ 6FDOH FDWHJRULHV� VKRZQ LQ )LJXUH �� LV OLPLWHG WR WKH UHOHYDQW %UDGHQ� � � � � � � � � � � � � � � �

6FDOH YDOXHV ZKLFK DFFRXQWV IRU XVHU LQSXW YDOLGDWLRQ� 7KLV HQVXUHV WKDW WKH %UDGHQ 6FDOH RXWSXW� � � � � � � � � � � � � � �

ZLOO�VWD\�ZLWKLQ�WKH�H[SHFWHG�UDQJH�RI�YDOXHV���

7R RSHUDWH WKH V\VWHP� WKH ³&RQQHFW WR 'HYLFH´ EXWWRQ LV XVHG WR FRQQHFW WR WKH GHYLFH¶V� � � � � � � � � � � � � � � �

%OXHWRRWK LQ RUGHU WR UHDG LQ SUHVVXUH YDOXHV� 2Q WKH ULJKW SDQHO� WKH ³3ORW 3UHVVXUH´ EXWWRQ� � � � � � � � � � � � � � � �

GLVSOD\V WKH SUHVVXUH YV� WLPH JUDSK RQ WKH DSS LQWHUIDFH� DQG WKH ³)LQDO 5LVN (YDOXDWLRQ´ EXWWRQ� � � � � � � � � � � � � � � �

SRSXODWHV WKH ILQDO ULVN YDOXH� DV GHWHUPLQHG E\ WKH PRVW UHFHQW %UDGHQ 6FDOH LQSXWV DQG WKH� � � � � � � � � � � � � � � �

UHDO�WLPH SUHVVXUH YDOXHV� LQWR WKH ER[ EHQHDWK WKH EXWWRQ� 7KLV GHVLJQ KDV PLQLPDO EXWWRQV WR� � � � � � � � � � � � � � �

FUHDWH DQ LQWHUIDFH WKDW LV VLPSOH WR ZRUN ZLWK DQG FDQ EH XVHG DV D TXLFN WRRO WR DVVHVV WKH� � � � � � � � � � � � � � � � � � � �

SDWLHQW� 7KLV LQWHUIDFH DOORZV WKH QXUVH WR YLVXDOO\ REVHUYH SUHVVXUH YDOXHV DW WKH KHHO� ZKLOH� � � � � � � � � � � � � � �

WDNLQJ LQ DOO WKH GLIIHUHQW ULVN IDFWRUV RI WKH SDWLHQW LQ RUGHU WR JXLGH WKH QXUVH RQ ZKHQ WR� � � � � � � � � � � � � � � � � � �

UHSRVLWLRQ�WKH�SDWLHQW���

���



�

�
)LJXUH����0$7/$%�DSS�GHVLJQ�IRU�XVHU�LQWHUIDFH��

�

9DOLGDWLRQ�RI�'HVLJQ�

7R YDOLGDWH WKH IXQFWLRQDOLW\ RI RXU GHYLFH� DFFRUGLQJ WR RXU GHVLJQ UHTXLUHPHQWV� ZH� � � � � � � � � � � � �

ZDQWHG WR WHVW WKH DFFXUDF\ RI WKH VHQVRU DQG SUHVVXUH UHDGLQJV� DV ZHOO DV DGGUHVV SUDFWLFDOLW\ RI� � � � � � � � � � � � � � � � �

RXU IRUP IDFWRU DQG XVHU LQWHUIDFH� :H ZDQWHG WR YDOLGDWH ERWK RXU VPDOO FLUFXODU )65 �����FP��� � � � � � � � � � � � � � � �

VHQVLQJ DUHD� DQG RXU ODUJH VTXDUH )65 ������FP�� VHQVLQJ DUHD� �WR GHWHUPLQH ZKLFK ZDV PRUH� � � � � � � � � � � � � � �

DFFXUDWH DQG PRUH DSSOLFDEOH WR WKH UHTXLUHG KHHO VHQVLQJ DUHD� 2XU WHDP LPSOHPHQWHG IRXU� � � � � � � � � � � � � �

GLIIHUHQW WHVWV WR YDOLGDWH RXU GHVLJQ� ZKLFK LQFOXGHG� VHQVRU WHVWLQJ ZLWK ZHLJKWV� KHHO WHVWLQJ�� � � � � � � � � � � � � �

SUDFWLFDOLW\�DVVHVVPHQW�RI�RXU�IRUP�IDFWRU��DQG�GHYLFH�FRVW�EUHDNGRZQ���

6HQVRU�7HVWLQJ�ZLWK�:HLJKWV�

7KH ILUVW W\SH RI WHVWLQJ ZDV YDOLGDWLQJ HDFK )65 XVLQJ ZHLJKWV� :LWK ERWK )65V� ZH� � � � � � � � � � � � � � �

XVHG NQRZQ ZHLJKWV WR FRPSDUH WKH H[SHFWHG SUHVVXUH YDOXHV ZLWK WKH )65 SUHVVXUH YDOXHV�� � � � � � � � � � � � � �

3UHVVXUH LV WKH QRUPDO IRUFH DSSOLHG RYHU WKH DUHD WKH IRUFH LV GLVWULEXWHG� 7KH ZHLJKW SURYLGHV D� � � � � � � � � � � � � � � � �

���



�

NQRZQ IRUFH SODFHG RYHU WKH NQRZQ VHQVLQJ DUHD RI WKH )65� ZKLFK JLYHV D NQRZQ SUHVVXUH� � � � � � � � � � � � � � � �

YDOXH��:H�WKHQ�FRPSDUHG�WKLV�NQRZQ�YDOXH�WR�WKH�RXWSXW�RI�WKH�)65���

7KH TXDQWLWDWLYH UHVXOWV ZHUH LQFRQFOXVLYH� OHDGLQJ XV WR IDYRU WKH� � � � � � � � � �

TXDOLWDWLYH�REVHUYDWLRQDO UHVXOWV� 7KH NQRZQ ZHLJKWV ZHUH QRW WKH VKDSH RI HLWKHU )65� ZKLFK� � � � � � � � � � � � �

PHDQW WKH IRUFH ZDV QRW HYHQO\ GLVWULEXWHG RYHU WKH DUHD DV D KHHO ZRXOG EH� 7KH VPDOOHU )65� � � � � � � � � � � � � � � � � �

ZDV GLIILFXOW WR YDOLGDWH ZLWK ZHLJKWV GXH WR WKH VPDOO VHQVLQJ DUHD� ZKLFK RQO\ DOORZHG IRU VPDOO� � � � � � � � � � � � � � � � �

ZHLJKWV� 7KHUH ZDV DOVR DQ LVVXH ZKHQ VWDFNLQJ ZHLJKWV ZKHUH WKH KLJKHU WKH ZHLJKWV WKH KLJKHU� � � � � � � � � � � � � � � �

WKH HUURU DQG IOXFWXDWLRQ� :H VSHFXODWH WKH )65 FRXOG QRW FDSWXUH WKH IRUFH IDU DZD\ IURP WKH� � � � � � � � � � � � � � � � �

)65 DQG WKH IRUFH ZDV QRW JHWWLQJ GLVWULEXWHG RYHU WKH DUHD HIIHFWLYHO\� 7KHVH UHVXOWV ZHUH QRW� � � � � � � � � � � � � � � �

YHU\ XVHIXO LQ IXOO\ YDOLGDWLQJ RXU )65 FKRLFH DQG GHVLJQ� OHDGLQJ XV WR PRYH IRUZDUG ZLWK PRUH� � � � � � � � � � � � � � � � �

UHDOLVWLF�SUHVVXUH�VFHQDULRV�XVLQJ�KHHO�WHVWLQJ���

+HHO�7HVWLQJ�

7KH QH[W VWHS LQ YDOLGDWLRQ WHVWLQJ ZDV SHUIRUPLQJ KXPDQ VXEMHFW WHVWV ZLWK DFWXDO KHHO� � � � � � � � � � � � � �

SUHVVXUH YDOXHV UDWKHU WKDQ ZHLJKWV� DV DOORZHG E\ WKH 8QLRQ &ROOHJH +XPDQ 6XEMHFWV 5HYLHZ� � � � � � � � � � � � � �

&RPPLWWHH >��@� :H FRQGXFWHG WHVWV RQ VL[ GLIIHUHQW VXEMHFWV XVLQJ WKH 3$6&2 IRUFH SODWH DQG� � � � � � � � � � � � � � �

ERWK )65V WR FDOFXODWH WKH QRUPDO IRUFH DW WKH KHHO� )RU ERWK WKH IRUFH SODWH DQG WKH )65V� ZH� � � � � � � � � � � � � � � � � � �

IROORZHG�WKH�SURWRFRO�GHWDLOHG�LQ�)LJXUH������

�

)LJXUH�����3URWRFRO�IRU�KHHO�WHVWLQJ�ZLWK�3$6&2�IRUFH�SODWH�DQG�)65�ZLWK�VXEMHFWV��

7KH IRUFH SODWH DOORZHG XV WR FROOHFW GDWD LOOXVWUDWLQJ QRUPDO IRUFHV RFFXUULQJ DW WKH KHHOV RI� � � � � � � � � � � � � � � �

VXEMHFWV O\LQJ GRZQ RQ WKHLU EDFNV� LQ VXSLQH SRVLWLRQ� ZLWK DQG ZLWKRXW WKH IRDP GUHVVLQJ �VHW� � � � � � � � � � � � � � � �

���



�

XS VKRZQ LQ (���� 7KLV GDWD DOORZHG XV WR JHQHUDWH EHQFKPDUN SUHVVXUH YDOXHV WKDW ZLOO EH D� � � � � � � � � � � � � � � � �

XVHIXO FRPSDULVRQ WRRO IRU WKH IXWXUH RI RXU SURGXFW DQG IRU WKRVH ZKR ZDQW WR XQGHUVWDQG IRUFHV� � � � � � � � � � � � � � � � �

DW�WKH�KHHO��7DEOH���VKRZV�WKH�UHVXOWV�IRU�DYHUDJH�SUHVVXUH�DW�WKH�KHHO�LQ�D�UHVWLQJ�VXSLQH�SRVLWLRQ���

7DEOH����3UHVVXUH�GDWD�RI�VXEMHFWV�LQ�D�UHVWLQJ�VXSLQH�SRVLWLRQ�ZLWK�DQG�ZLWKRXW�VLOLFRQH�IRDP�GUHVVLQJ��

6XEMHFWV�
3UHVVXUH�ZLWKRXW�
IRDP��PP+J��

3UHVVXUH�ZLWK�
IRDP��PP+J��

&KDQJH�LQ�3UHVVXUH�
�PP+J��

�� ������� ������� ������
�� ������� ������� ������
�� ������� ������� ������
�� ������� ������� ������
�� ������� ������� ������
�� ������� 1�$� 1�$�

� � $YHUDJH� ������
� � 67'(9� ������

�
7KH UHVXOWV VKRZ WKDW WKH UHVWLQJ SRVLWLRQ UHVXOWV LQ SUHVVXUH YDOXHV ZLWKLQ WKH UDQJH RI� � � � � � � � � � � � � � �

������� PP+J� 7KLV GDWD DOORZHG XV WR EHWWHU XQGHUVWDQG SUHVVXUH DW WKH KHHO ZKHQ DQ� � � � � � � � � � � � � � �

LQGLYLGXDO LV O\LQJ GRZQ� 7KH UHVXOWV DOVR DGGUHVV KRZ VLOLFRQH IRDP GUHVVLQJV SURYLGH SUHVVXUH� � � � � � � � � � � � � �

UHOLHI� 7KLV LV VKRZQ E\ D GHFUHDVH LQ SUHVVXUH DW WKH KHHO ZKHQ WKH VLOLFRQH IRDP GUHVVLQJ ZDV� � � � � � � � � � � � � � � � � �

DSSOLHG��0RYLQJ�IRUZDUG��WKLV�ZDV�KHOSIXO�LQ�EHQFKPDUNLQJ�WKHVH�YDOXHV�DJDLQVW�RXU�)65V��

,Q FRPSDULQJ WKH )65 SUHVVXUH YDOXHV WR WKH IRUFH SODWH SUHVVXUH YDOXHV� ZH IRXQG WKDW� � � � � � � � � � � � � � �

WKH ODUJH VTXDUH )65 IOXFWXDWHG JUHDWO\ DQG JDYH SUHVVXUH YDOXHV WKDW ZHUH VLJQLILFDQWO\ GLIIHUHQW� � � � � � � � � � � � � �

IURP WKRVH GHWHUPLQHG IURP WKH IRUFH SODWH� $V VKRZQ LQ )LJXUH ��� WKH VPDOOHU )65 KDG� � � � � � � � � � � � � � � �

FRPSDUDEOH SUHVVXUH YDOXHV WR WKRVH JLYHQ E\ WKH IRUFH SODWH� DQG ERWK WKH IRUFH SODWH DQG )65� � � � � � � � � � � � � � � � �

UHJLVWHUHG FKDQJHV LQ SUHVVXUH DV WKH VXEMHFW UHDGMXVWHG� :KHQ WKH SDWLHQW IROORZV WKH SURWRFRO�� � � � � � � � � � � � � �

WKLV FDQ UHVXOW LQ D SRVLWLYH RU QHJDWLYH FKDQJH LQ SUHVVXUH GHSHQGLQJ RQ KRZ WKH KHHO LV PRYHG�� � � � � � � � � � � � � � � � � �

7KLV�LV�QRW�FRQVLVWHQW�RYHU�HDFK�WLPH�WKH�SURWRFRO�LV�SHUIRUPHG�DQG�FDQ�YDU\�EHWZHHQ�VXEMHFWV��

���



�

7KH LPSRUWDQW DVSHFW RI WKH SHDNV VKRZQ LQ )LJXUH �� LV WKDW ERWK WKH IRUFH SODWH DQG WKH� � � � � � � � � � � � � � � � � �

)65 FDQ VHQVH FKDQJHV LQ SUHVVXUH� :KLOH WKH SHDNV GR QRW SHUIHFWO\ PDWFK XS DV D UHVXOW RI� � � � � � � � � � � � � � � � � �

WLPLQJ GLIIHUHQFHV LQ WKH SURWRFRO� ERWK FXUYHV VKRZ D VLJQLILFDQW FKDQJH LQ SUHVVXUH� ZKLFK LV� � � � � � � � � � � � � � �

ZKDW LV UHTXLUHG IRU WKH IXQFWLRQDOLW\ RI RXU V\VWHP� 7KLV YDOLGDWHV WKDW RXU GHYLFH FDQ DFFXUDWHO\� � � � � � � � � � � � � � � �

VHQVH SUHVVXUH YDOXHV� DV ZHOO DV FKDQJH LQ SUHVVXUH DW WKH KHHO� ZKLFK LV WKH SULPDU\ REMHFWLYH RI� � � � � � � � � � � � � � � � � �

RXU�GHVLJQ���

�
)LJXUH�����8VLQJ�WKH�WHVWLQJ�SURWRFRO��WKH�)65�SUHVVXUH�ZDV�FRPSDUHG�WR�WKH�IRUFH�SODWH�SUHVVXUH�RI�WKH�
VDPH�WHVW�VXEMHFW�ZLWKRXW�IRDP��
�

7KURXJK WHVWLQJ� ZH DOVR ZDQWHG WR TXDQWLI\ WKH DUHD RI WKH KHHO ZKHUH IRUFH LV EHLQJ� � � � � � � � � � � � � � � �

GLVWULEXWHG ZKHQ LQ D VXSLQH SRVLWLRQ� $IWHU IRUFH SODWH WHVWLQJ� ZH XVHG LQN WR VWDPS WKH KHHO RI� � � � � � � � � � � � � � � � � �

WKH VXEMHFWV DV WKH\ UHVWHG LQ D VXSLQH SRVLWLRQ WR GHWHUPLQH WKH DYHUDJH VHQVLQJ DUHD� :H DOVR� � � � � � � � � � � � � � � � �

PHDVXUHG WKH ZLGWK RI WKH ODUJHVW SDUW RI WKH VXEMHFW¶V KHHO ZLWK FDOLSHUV WR GHWHUPLQH WKH� � � � � � � � � � � � � � � �

UHTXLUHG ZLGWK RI WKH IRUP IDFWRU� 7KH UHVXOWV� VKRZQ LQ 7DEOH �� SURYLGH LQIRUPDWLRQ WR KHOS� � � � � � � � � � � � � � � �

���



�

DGGUHVV WKH QHFHVVDU\ VHQVLQJ DUHD RI WKH KHHO ZH DUH ZRUNLQJ ZLWK� 7KLV ZLOO DOORZ IRU PRUH� � � � � � � � � � � � � � � � �

FXVWRPL]DEOH�KHHO�VHQVLQJ�RSWLRQV�LQ�WKH�IXWXUH��ZKHUH�)65�VHQVLQJ�DUHD�LV�RSWLPL]HG���

7DEOH����0HDVXUHPHQWV�RI�KHHO�VHQVLQJ�DUHD�XVLQJ�LQN�EORWV�DQG�FDOOLSHUV�RQ���VXEMHFWV��

6XEMHFWV�
+HHO�:LGWK�

�FP��
7RWDO�$UHD�
�FPA���

�� ����� ������
�� ����� ������
�� ����� ������
�� ����� ������
�� ����� ������
�� ����� ������
$YHUDJH� ����� ������
67'(9� ����� �����
�
3UDFWLFDOLW\�7HVWLQJ��)RUP�)DFWRU�

7R YDOLGDWH RXU IRUP IDFWRU GHVLJQ� ZH PHW ZLWK .DWKOHHQ &DSRQH� WKH $0& QXUVH ZH� � � � � � � � � � � � � � �

KDG SUHYLRXVO\ PHW ZLWK� WR KHOS DVVHVV WKH SUDFWLFDOLW\ RI RXU IRUP IDFWRU DQG XVHU LQWHUIDFH LQ� � � � � � � � � � � � � � � � �

WKH FOLQLFDO VHWWLQJ� .DWKOHHQ DVVHVVHG RXU IRUP IDFWRU DQG WKRXJKW WKH 9(/&52 VWUDS ZDV� � � � � � � � � � � � � �

H[WUHPHO\ HDV\ WR ZRUN ZLWK DQG KHOSIXO IRU JHWWLQJ WKH GHYLFH RQ DQG RII D SDWLHQW� 6KH DOVR� � � � � � � � � � � � � � � � � �

VWDWHG WKDW D VWUDS WKDW KROGV WKH GHYLFH ILUPO\ LQ SODFH LV XVHIXO IRU SDWLHQWV ZLWK LQFUHDVHG� � � � � � � � � � � � � � � � �

PRELOLW\� 6KH DOVR DGGUHVVHG WKH EHQHILW RI KDYLQJ D ZLUHOHVV FRQQHFWLRQ DQG VDLG VKH NQHZ PDQ\� � � � � � � � � � � � � � � �

QXUVHV ZKR ZRXOG ORYH WKDW WKH GHYLFH LV FRPSOHWHO\ ZLUHOHVV GXH WR KRVSLWDO URRPV EHLQJ� � � � � � � � � � � � � � �

FRQVWDQWO\ RYHUWDNHQ E\ ZLUHV� 6KH DOVR YDOLGDWHG RXU XVHU LQWHUIDFH DSS RQ LW
V HDV\ WR LQWHUSUHW� � � � � � � � � � � � � � � �

GLVSOD\ DQG LQWHJUDWLRQ LQWR WKHLU ZRUN URXWLQH� 6KH DOVR DFNQRZOHGJHG WKDW WKH VLOLFRQH IRDP� � � � � � � � � � � � � �

GUHVVLQJ LV FRPPRQO\ XVHG DQG LV D JUHDW PDWHULDO IRU WKH IRUP IDFWRU� $OWKRXJK WKLV LV RQH� � � � � � � � � � � � � � � � �

QXUVH¶V�RSLQLRQ��ZH�IRXQG�KHU�IHHGEDFN�WR�EH�YHU\�XVHIXO�IRU�YDOLGDWLQJ�RXU�GHVLJQ�IRUPDW��

�

���
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'HYLFH�&RVW�%UHDNGRZQ��

$V SUHYLRXVO\ PHQWLRQHG� RWKHU VHQVRU V\VWHP GHYLFHV RQ WKH PDUNHW OLNH WKH %RGL7UDN�� � � � � � � � � � � � �

FRVW XSZDUGV RI ������ >��@� $V VKRZQ LQ 7DEOH �� WKH EXON FRVW IRU �� XQLWV RI RXU GHYLFH ZRXOG� � � � � � � � � � � � � � � � � � � �

EH ��������� ZLWK D XQLW SULFH RI ������� 7KH EXON FRVW RI RXU GHYLFH LV VLPLODU WR WKH FRVW RI D� � � � � � � � � � � � � � � � � � � � �

VLQJOH %RGL7UDN� GHYLFH� ZKLFK KLJKOLJKWV WKH FRVW EHQHILW RI RXU V\VWHP LQ FRPSDULVRQ WR RWKHU� � � � � � � � � � � � � � �

GHYLFHV�RQ�WKH�PDUNHW���

7DEOH�����&RVW�EUHDNGRZQ�RI�RXU�GHYLFH��

� 8QLW�3ULFH�� %XON�3ULFH������

)RDP�'UHVVLQJ�>��@� ������ ��������

9(/&52�VWUDS�>��@� ������ �������

)65�>��@� ������ ��������

6LOLFRQH�,QVHUW�>��@� ������ �������

0LFURFRQWUROOHU�ZLWK�
%OXHWRRWK�>��@�

������� ��������

7RWDO� ������� ����������

�

$QWLFLSDWHG�5HJXODWRU\�3DWKZD\�

7KH /HDI 3DWLHQW 0RQLWRULQJ 6\VWHP� ZKLFK ZDV SUHYLRXVO\ PHQWLRQHG LQ WKH SULRU DUW� � � � � � � � � � � � �

VHFWLRQ� ZHQW WKURXJK WKH ����N� FOHDUDQFH SURFHVV LQ ����� 7KLV GHYLFH¶V UHJXODWRU\ SDWKZD\� � � � � � � � � � � � �

ZRXOG EH YHU\ VLPLODU WR WKDW RI RXU GHYLFH� 7KH /HDI V\VWHP¶V ����N� QXPEHU ZDV .������ DQG� � � � � � � � � � � � � � � � �

WKH DSSOLFDQW ZDV /HDI +HDOWKFDUH ,QFRUSRUDWHG ���� 1 0DWKLOGD $YHQXH� 6XLWH ��� 6XQQ\YDOH�� � � � � � � � � � � � �

&$ ������� ,WV FODVVLILFDWLRQ SURGXFW FRGH ZDV .0, ZLWK UHJXODWLRQ GHVFULSWLRQ RI EHG�SDWLHQW� � � � � � � � � � � � �

PRQLWRU�DQG�LW�ZDV�FRQVLGHUHG�D�&ODVV�,�GHYLFH��7KH�UHYLHZ�SDQHO�ZDV�*HQHUDO�+RVSLWDO�ZLWK�D�

���
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5HJXODWLRQ 1XPEHU RI �� &)5 �������� >��@� 7KH LGHQWLILFDWLRQ GHVFULSWLRQ IRU WKH /HDI V\VWHP� � � � � � � � � � � � � �

ZDV� ³$ EHG�SDWLHQW PRQLWRU LV D EDWWHU\�SRZHUHG GHYLFH SODFHG XQGHU D PDWWUHVV DQG XVHG WR� � � � � � � � � � � � � � �

LQGLFDWH E\ DQ DODUP RU RWKHU VLJQDO ZKHQ D SDWLHQW DWWHPSWV WR OHDYH WKH EHG�´ 7KH FODVVLILFDWLRQ� � � � � � � � � � � � � � � � �

GHVFULSWLRQ ZDV� ³&ODVV , �JHQHUDO FRQWUROV�� 7KH GHYLFH LV H[HPSW IURP WKH SUHPDUNHW� � � � � � � � � � � � �

QRWLILFDWLRQ SURFHGXUHV LQ VXESDUW ( RI SDUW ��� RI WKLV FKDSWHU VXEMHFW WR WKH OLPLWDWLRQV LQ ������ � � � � � � � � � � � � � � � �

>��@�´��

,Q�������WKH�/HDI�V\VWHP�ZDV�GHHPHG�VXEVWDQWLDOO\�HTXLYDOHQW�WR�WKH�SUHGLFDWH�GHYLFH��

'\QD6HQVH 6\VWHP E\ &HQWDXUL 0HGLFDO� ,QF >��@� 7KH /HDI VHQVRU LV D FRQWLQXRXV SDWLHQW� � � � � � � � � � � � � �

PRQLWRULQJ IRU SUHVVXUH XOFHU SUHYHQWLRQ DQG LW QRWLILHV ZKHQ PRYHPHQW GHYLDWHV IURP VHW� � � � � � � � � � � � �

SDUDPHWHUV DQG LV XVHG LQ PHGLFDO� QXUVLQJ� DQG ORQJ WHUP FDUH IDFLOLWLHV� 7KH /HDI VHQVRU LV� � � � � � � � � � � � � � � �

DWWDFKHG�WR�WKH�SDWLHQW�ZLWK�DQ�DGKHVLYH�RQ�WKH�FKHVW�>��@���

2XU GHYLFH PLJKW HQFRXQWHU GLIIHUHQW SDWKZD\V WR EH FOHDUHG E\ WKH )'$� 6LQFH RXU� � � � � � � � � � � � � �

GHYLFH GRHV QRW XVH DQ DGKHVLYH DQG GRHV QRW GHPRQVWUDWH SDWLHQW PRYHPHQW� LW PD\ UHTXLUH OHVV� � � � � � � � � � � � � � � �

FRQWUROV WKDQ WKH /HDI VHQVRU� )RU H[DPSOH� WKH %RGL7UDN� V\VWHP� PHQWLRQHG LQ WKH SULRU DUW� � � � � � � � � � � � � � �

VHFWLRQ� LV ����N� H[HPSW DQG LV MXVW )'$ OLVWHG >��@� 2XU V\VWHP LV YHU\ VLPLODU WR WKH� � � � � � � � � � � � � � � � �

%RGL7UDN� H[FHSW IRU WKH IDFW WKDW RXU GHYLFH LV HQFORVHG LQ D KHHO FXS DQG KDV D GLIIHUHQW ULVN� � � � � � � � � � � � � � � � � � �

DOJRULWKP� 2YHUDOO� RXU GHYLFH ZRXOG EH FRQVLGHUHG &ODVV , DQG UHTXLUH HLWKHU ����N� FOHDUDQFH RU� � � � � � � � � � � � � � �

HYHQ�EH�H[HPSW�FRQVLGHULQJ�WKH�QRQLQYDVLYH�QDWXUH�RI�RXU�GHYLFH���

�

&RQFOXVLRQ�

:H KDYH GHYHORSHG D ORZ�FRVW LQGLYLGXDO SUHVVXUH XOFHUDWLRQ ULVN V\VWHP WKDW LQWHJUDWHV� � � � � � � � � � � �

H[LVWLQJ KRVSLWDO SURFHGXUHV ZLWK DQ HDV\ WR LQWHUSUHW XVHU LQWHUIDFH DQG D IRUP IDFWRU ZLWK VLPSOH� � � � � � � � � � � � � � � �

���



�

LPSOHPHQWDWLRQ� :H DOVR YDOLGDWHG WKDW RXU GHVLJQ JLYHV DFFXUDWH SUHVVXUH UHDGLQJV IRU WKH KHHO� � � � � � � � � � � � � �

UHJLRQ RI � VXEMHFWV DQG WKDW RXU GHVLJQ ZRXOG EH SUDFWLFDO LQ D KRVSLWDO VHWWLQJ EDVHG RQ QXUVH� � � � � � � � � � � � � � � � � �

IHHGEDFN��

2XU SURMHFW KDV PDQ\ SRVVLEOH IXWXUH GLUHFWLRQV� 2QH ZRXOG EH PLQLDWXUL]DWLRQ RI� � � � � � � � � � � �

HOHFWULFDO FRPSRQHQWV VR WKDW WKH\ ILW VHDPOHVVO\ LQWR WKH KHHO FXS IRUP IDFWRU� $QRWKHU ZRXOG EH� � � � � � � � � � � � � � � �

PRGXODUL]LQJ RXU GHVLJQ� 7KLV ZRXOG LQYROYH WKH RQH WLPH SXUFKDVH RI RXU UHXVDEOH HOHFWULFDO� � � � � � � � � � � � � �

FRPSRQHQW DQG EX\LQJ WKH IRUP IDFWRUV UHSHDWHGO\� :H FRXOG DOVR H[SDQG RXU VFRSH WR LQFOXGH� � � � � � � � � � � � � � �

IRUP IDFWRUV IRU PXOWLSOH ERQ\ SURPLQHQFHV� (YHQWXDOO\� ZH ZRXOG DOVR OLNH WR LPSURYH WKH� � � � � � � � � � � � � �

XVDELOLW\ RI RXU XVHU LQWHUIDFH DSS� )LQDOO\� ZH FRXOG GR KXPDQ WULDOV WR DVVHVV WKH YDOLGLW\ RI RXU� � � � � � � � � � � � � � � � � �

ULVN�DOJRULWKP���

�

�

�

�
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5HIHUHQFHV�
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Appendix A 

 
Figure 1. Braden scale evaluation sheet [8]. 
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Figure 2. Pressure ulcer stages I-IV, unstageable, and suspected deep tissue injury [9].  

 
Figure 3. Bony prominences where pressure ulcers commonly occur due to the close proximity 

of bone to the skin [10]. 
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Appendix B 

 

Figure 1.  The Leaf sensor is a disposable, wireless stick on sensor that provides information 
aboXW Whe paWienW¶V mobiliW\ Wo a compXWer inWerface [19]. 

 
Figure 2. Siren socks are one brand of temperature sensing socks that monitor inflammation, 
thereby assessing the risk of pressure ulcer formation [20].  
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Figure 3. The Boditrack2 bed system provides real-time pressure readings to assist caregivers in 
correctly repositioning patients who are at risk of developing pressure ulcers [22]. 
 

 
Figure 4. Method and System for Determining a Risk of Pressure Ulcer Onset [23].  
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Figure 5. Pressure Sensing Device and Method for Preventing Ulcer Formation [24]. 
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Appendix C 

 
Figure 1. Entire objective Tree with weights for the electrical system component of the pressure 

ulcer prevention system.  

 
 

Figure 2.  Entire objective Tree with weights for the design format component of the pressure 
ulcer prevention system.  
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Appendix D 
Functions: 
1. Detect pressure ulcer risk 

a. Receive Braden Scale inputs 
c. Detect pressure at heels 
d. Track pressure over time 

2. Display visual of pressure over time 
3. Combine Braden Scale inputs and pressure over time to determine the overall risk of 
developing a HAPU 
4. Categorize risk into risk levels 
5. Display final ulceration risk level 

Function Metric Unit  Marginal 
Value 

Ideal Value Specification 
Type 

Receive 
Braden Scale 

inputs 

Input Raw 
Data 

Binary yes or 
no 

N/A N/A Binary  

Detect 
pressure  

Pressure 
Range 

mmHg 0-500[25] 0-700[25] Objective & 
Numeric 

Track 
pressure over 

time 

Time Hours  1 [5] Continuous Objective & 
Numeric 

Display 
visual of 

pressure over 
time 

 

Displays 
visual 

Binary 
displays or 

does not 
display 

N/A N/A Binary 

Categorize 
pressure ulcer 

risk 

Risk Level N/A 3 Levels    5 Levels Objective 

Display 
Ulceration 

Risk 

Notification 
mode 

Binary yes or 
no 

N/A N/A Binary 

 



E-1 

Appendix E 

 
Figure 1. Heel testing set up showing a subject in a supine position. 
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