
Methods for the measurement
of the characteristics of CCD cameras

Tech. 3281-E October 1995

CONTENTS

Introduction 3

Chapter 1 General conditions 5

1. Test charts 5
2. Illumination 5

2.1. Using transparent test charts 5
2.2. Using reflective test charts 6
2.3. Precautions 6

3. Lens adjustments 6
4. Test conditions 7
5. Recommended measuring equipment 7
6. Presentation of test results 8

Chapter 2 Measurement methods 9

1. Sensitivity 10
2. Maximum sensitivity 13
3. Signal-to-noise ratio (random noise) 15
4. Signal-to-noise ratio (fixed-pattern noise) 18
5. Horizontal static resolution 21
6. Aliasing 26
7. Registration 31
8. Geometry 34
9. White shading or white level non-uniformity 39
10. Black shading or black level non-uniformity 42
11. Streaking 44
12. Flare 46
13. Transfer law or gamma correction 49
14. Smearing 52
15. Over-exposure headroom 55
16. Blemishes 57
17. Image format 59
18. Colorimetric fidelity measurement 61

Bibliography 62

European Broadcasting Union
Case Postale 67, CH-1218 Grand-Saconnex (Geneva) Switzerland



W H F K ����(%8 �� 0HDVXUHPHQWV RQ &&' FDPHUDV

�

,QWURGXFWLRQ

7KH VFRSH RI WKLV GRFXPHQW LV WKH HYDOXDWLRQ RI WKH YLGHR SHUIRUPDQFH RI VROLG��VWDWH FRORXU WHOHYLVLRQ
FDPHUDV XVLQJ FKDUJH��FRXSOHG GHYLFH �&&'� VHQVRUV� 7KH PHWKRGV DUH DSSOLFDEOH WR FDPHUDV XVHG LQ DOO DUHDV RI
WHOHYLVLRQ SURJUDPPH��PDNLQJ� VWXGLR SURGXFWLRQ� HOHFWURQLF ILHOG SURGXFWLRQ �()3� DQG HOHFWURQLF QHZV��
JDWKHULQJ �(1*�� 7KH DVSHFW UDWLR FRQVLGHUHG LV ���� EXW PRVW RI WKH PHWKRGV GHVFULEHG FDQ HDVLO\ EH DGDSWHG WR
WKH DVSHFW UDWLR RI �����

$ VLPLODU GRFXPHQW �(%8 GRFXPHQW 7HFK� ���� >�@� ZDV SXEOLVKHG LQ ���� IRU WXEH FDPHUDV DQG FHUWDLQ
RI WKH PHWKRGV GHVFULEHG WKHUH UHPDLQ DSSOLFDEOH WR &&' FDPHUDV� 7KH VSHFLILF FKDUDFWHULVWLFV RI &&' FDPHUDV
KDYH� KRZHYHU� OHG WR WKH GHYHORSPHQW RI D QXPEHU RI QHZ PHDVXUHPHQW PHWKRGV�

7KH GRFXPHQW KDV EHHQ SUHSDUHG E\ 6SHFLDOLVW *URXS *��6(16256 RI WKH (%8 7HFKQLFDO &RPPLWWHH
ZLWK D YLHZ WR WKH HVWDEOLVKPHQW RI VWDQGDUG PHWKRGV IRU PHDVXULQJ WKH FKDUDFWHULVWLFV RI QHZ JHQHUDWLRQV RI
&&' FDPHUDV� ,W LV GHVLJQHG WR DVVLVW EURDGFDVWHUV DQG PDQXIDFWXUHUV ZLWK WKH HYDOXDWLRQ DQG FRPSDULVRQ RI
&&' SURGXFWLRQ FDPHUDV�
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&KDSWHU �

*HQHUDO FRQGLWLRQV
�� 7HVW FKDUWV

0RVW RI WKH PHWKRGV GHVFULEHG LQ WKLV GRFXPHQW XVH VSHFLDO WHVW FKDUWV ZKRVH UHSURGXFWLRQ E\ WKH FDPHUD
XQGHU WHVW LV HYDOXDWHG HLWKHU E\ PHDVXULQJ WKH RXWSXW VLJQDOV� RU E\ PHDVXULQJ DQ\ GLVWRUWLRQV RQ D KLJK��TXDOLW\
PRQLWRU VFUHHQ�

$OO WKH WHVW FKDUWV SUHVHQWHG LQ WKLV GRFXPHQW DUH UHFWDQJXODU DQG KDYH DQ DVSHFW UDWLR RI ��� �ZLGWK�
KHLJKW�� FRUUHVSRQGLQJ WR WKH SURSRUWLRQV RI FRQYHQWLRQDO WHOHYLVLRQ GLVSOD\V�

,Q SUDFWLFH� WKH WHVW FKDUWV FDQ EH WUDQVSDUHQW RU UHIOHFWLYH�

�� ,OOXPLQDWLRQ
���� 8VLQJ WUDQVSDUHQW WHVW FKDUWV

7ZR W\SHV RI OLJKW ER[ FDQ EH XVHG IRU WUDQVSDUHQW WHVW FKDUW LOOXPLQDWLRQ� DV VKRZQ LQ )LJ� ��

)LJ� � �� ([DPSOHV RI DUUDQJHPHQWV IRU WKH PRXQWLQJ DQG LOOXPLQDWLRQ RI WUDQVSDUHQW WHVW FKDUWV�

'LIIXVLQJ
JODVV

/DPS

)DQ

6SKHULFDO
PLUURU

1HXWUDO��GHQVLW\
ILOWHU

&DPHUD

2SWLFDO D[LV

2EMHFW GLVWDQFH

7HVW FKDUW

/DPS

&DPHUD

2SWLFDO D[LV

2EMHFW GLVWDQFH

7HVW FKDUW

6SKHULFDO LOOXPLQDWRU
�LQWHJUDWLQJ VSKHUH�
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7KH ILUVW W\SH FRPSULVHV D VHW RI IOXRUHVFHQW WXEHV PRXQWHG EHKLQG D GLIIXVLQJ VFUHHQ� 3UREOHPV PD\ DULVH
GXH WR SRRU XQLIRUPLW\ RI WHVW FKDUW LOOXPLQDWLRQ�

7KH VHFRQG W\SH RI OLJKW ER[ FRPSULVHV D WXQJVWHQ ILODPHQW OLJKW VRXUFH� SRZHUHG E\ D VWDELOL]HG VRXUFH�
ZKLFK LOOXPLQDWHV D GLIIXVLQJ VSKHUH� 7KH OXPLQRXV IOX[ DQG FRORXU WHPSHUDWXUH DW WKH RXWSXW ZLQGRZ� ZKHUH WKH
WUDQVSDUHQFLHV DUH SODFHG� DUH YHU\ XQLIRUP DQG HDVLO\ DGMXVWHG�

���� 8VLQJ UHIOHFWLYH WHVW FKDUWV

,Q WKH FDVH RI UHIOHFWLYH WHVW FKDUWV� LOOXPLQDWLRQ LV E\ PHDQV RI WZR TXDUW] KDORJHQ ODPSV KDYLQJ D FRORXU
WHPSHUDWXUH RI ���� � ��� .� 7KH\ DUH SODFHG RQ HLWKHU VLGH RI WKH SHUSHQGLFXODU WKURXJK WKH FHQWUH RI WKH WHVW
FKDUW �)LJ� ���

&DPHUD
7HVW FKDUW

2EMHFW GLVWDQFH

/DPSV
����� � ��� .�

���

���

)LJ� � �� $UUDQJHPHQW IRU LOOXPLQDWLRQ RI UHIOHFWLYH WHVW FKDUWV�

���� 3UHFDXWLRQV

:KLFKHYHU IRUP RI WHVW FKDUW DQG OLJKW VRXUFH LV XVHG� WKH FRORXU WHPSHUDWXUH PXVW EH FKHFNHG SULRU WR
HDFK PHDVXUHPHQW�

$GHTXDWH XQLIRUPLW\ RI LOOXPLQDWLRQ FDQ EH DFKLHYHG E\ DGMXVWLQJ WKH GLVWDQFH RI WKH VRXUFHV� RU E\ GH��
IRFXVVLQJ WKHP� ,GHDOO\� WKH XQLIRUPLW\ RI LOOXPLQDWLRQ VKRXOG EH ZLWKLQ ��� EXW �� LV DFFHSWDEOH LQ SUDFWLFH�
7KH OXPLQRXV LQWHQVLW\ FDQ EH DGMXVWHG ZLWKRXW FKDQJLQJ WKH FRORXU WHPSHUDWXUH�

'XULQJ PHDVXUHPHQWV� FDUH PXVW EH WDNHQ WR HQVXUH WKDW WKH VXSSO\ YROWDJH UHPDLQV FRQVWDQW� RWKHUZLVH
FKDQJHV LQ WKH FRORXU WHPSHUDWXUH RI WKH VRXUFHV PD\ RFFXU�

�� /HQV DGMXVWPHQWV

7KH OHQV VKRXOG EH DGMXVWHG WR JLYH RSWLPXP SHUIRUPDQFH� 3URSRVHG YDOXHV IRU WKH YDULRXV OHQV SDUDPH�
WHUV DUH DV IROORZV�

$SHUWXUH� I ��� I �� �LGHDOO\ I ������

2EMHFW GLVWDQFH� 7\SLFDOO\ �P �DGMXVWHG WR VXLW WKH UHTXLUHPHQWV RI WKH PHDVXUHPHQW WR EH GRQH��

)RFDO OHQJWK� D VXLWDEOH IRFDO OHQJWK LQ WKH PHGLXP IRFDO OHQJWK UDQJH�

,Q JHQHUDO� VHWWLQJV RI WKH SDUDPHWHUV QHDU WKH HQGV RI WKH OHQV DGMXVWPHQW UDQJHV VKRXOG EH DYRLGHG�
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�� 7HVW FRQGLWLRQV

7KH FDPHUD LV SRVLWLRQHG LQ VXFK D ZD\ WKDW LWV RSWLFDO D[LV FRLQFLGHV ZLWK WKH SHUSHQGLFXODU WKURXJK WKH
FHQWUH RI WKH WHVW FKDUW�

$V WKH WHVW HQYLURQPHQW LV XVXDOO\ D WHOHYLVLRQ VWXGLR� ZKLFK KDV VRXUFHV DW W\SLFDOO\ ����.� WKH ILOWHU
ZKHHO LQ WKH FDPHUD LV VHW DW ����.�

7KH FDPHUD PXVW EH OLQHG XS ZLWK WKH WHVW FKDUW VR WKDW WKH HGJHV RI WKH LPDJH� LQGLFDWHG E\ DUURZ��KHDGV�
PDWFK XS SHUIHFWO\ ZLWK WKH QRUPDO SLFWXUH DUHD UHSURGXFHG RQ D PRQLWRU VHW WR XQGHU��VFDQ�

([FHSW ZKHUH LQGLFDWHG RWKHUZLVH� WKH FDPHUD FRQWUROV VKRXOG EH VHW DV VKRZQ LQ 7DEOH ��

7DEOH � �� %DVLF VHWWLQJV RI PDLQ FDPHUD DQG OHQV FRQWUROV�

&RQWURO %DVLF
VHWWLQJ

*DLQ � G%

)ODUH FRUUHFWRU 21

%ODFN EDODQFH ZLWK OHQV FDSSHG �� P9

:KLWH EDODQFH ��� P9

&RORXU FRUUHFWRU 21

&RQWRXU FRUUHFWRU 21

1RLVH UHGXFHU 2))

%ODFN DQG ZKLWH VKDGLQJ FRUUHFWRUV 21 DQG RSWLPL]HG

*DPPD FRUUHFWRU 21 DQG FDOLEUDWHG

'\QDPLF NQHH FRUUHFWRU 21

([SRVXUH WLPH QRPLQDO YDOXH � �� PV�

)RU HDFK PHDVXUHPHQW SURFHGXUH GHVFULEHG LQ &KDSWHU � RI WKLV GRFXPHQW� D 7DEOH LV JLYHQ ZKLFK
LQGLFDWHV VSHFLILF VHWWLQJV ZKLFK DUH GLIIHUHQW WR WKRVH RI 7DEOH ��

7KH HIIHFW RI VZLWFKLQJ WKH FRUUHFWRUV 21 DQG 2)) VKRXOG EH QHJOLJLEOH RQ WKH ZKLWH DQG EODFN EDODQFH
DQG RQ WKH ZKLWH DQG EODFN OHYHOV� WKH OHYHOV LQGLFDWHG FRUUHVSRQG WR WKH QRUPDO VRXUFH OHYHOV LQ �� 8�

:KHQ PDNLQJ WKH PHDVXUHPHQWV� FDUH PXVW EH WDNHQ WR HQVXUH WKDW WKH JHQHUDO DOLJQPHQW LV PDLQWDLQHG�

�� 5HFRPPHQGHG PHDVXULQJ HTXLSPHQW

7KH IROORZLQJ HTXLSPHQW LV QHHGHG LQ RUGHU WR FDUU\ RXW WKH IXOO UDQJH RI &&' FDPHUD HYDOXDWLRQV GH�
VFULEHG LQ WKLV GRFXPHQW�

�� 7UDQVSDUHQW DQG UHIOHFWLYH WHVW FKDUWV�

�� 9LGHR RVFLOORVFRSH ZLWK VXIILFLHQW EDQGZLGWK IRU 79 PRGH V\QFKURQL]DWLRQ�

�� 'LJLWDO ZLGH��EDQG VWRUDJH RVFLOORVFRSH ZLWK DYHUDJLQJ IXQFWLRQ�

�� 6SHFWUXP DQDO\]HU�

�� +LJK��TXDOLW\ PRQRFKURPH PRQLWRU�

�� *UDGH��� FRORXU PRQLWRU�
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�� 9LGHR DPSOLWXGH DQDO\]HU ZLWK PDUNHU RU VLJQDO��GLIIHUHQFH YLGHR DPSOLILHU�

�� $GMXVWDEOH GHOD\ OLQHV �� WR ��� QV LQ � QV VWHSV��

�� ��� N+] RU � 0+] ORZ��SDVV ILOWHUV

�� :LGH��EDQG YROWPHWHU RU YLGHR QRLVH PHWHU�

�� 3KRWRPHWHU �OXPLQDQFH� FRORXU WHPSHUDWXUH PHDVXUHPHQWV��

�� &DURXVHO IRU SUHVHQWDWLRQ RI JUH\ VDPSOHV DQG FRORXU VDPSOHV�

�� :DYHIRUP PRQLWRU�

�� 'LIIHUHQWLDO DPSOLILHU�

�� 3UHVHQWDWLRQ RI WHVW UHVXOWV
$ FOHDU IRUP RI SUHVHQWDWLRQ RI WKH UHVXOWV RI WHVWV LV HVVHQWLDO� HVSHFLDOO\ LI FRPSDULVRQV DUH WR EH PDGH

ZLWK WHVWV GRQH LQ RWKHU RUJDQL]DWLRQV�

7KH PHDVXUHPHQW UHVXOWV REWDLQHG PXVW EH DFFRPSDQLHG E\ GHWDLOV RI WKH FDPHUD DQG OHQV XVHG� PRGHO�
W\SH� VHULDO QXPEHU� HWF���

&KDSWHU � RI WKLV GRFXPHQW LQGLFDWHV UHFRPPHQGHG IRUPV RI SUHVHQWDWLRQ RI UHVXOWV IRU HDFK W\SH RI WHVW�
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&KDSWHU �

0HDVXUHPHQW PHWKRGV

7KLV &KDSWHU JLYHV GHWDLOV RI PHDVXUHPHQW SURFHGXUHV IRU WKH IROORZLQJ FKDUDFWHULVWLFV RI &&' FDPHUDV�

�� 6HQVLWLYLW\

�� 0D[LPXP VHQVLWLYLW\

�� 6LJQDO��WR��QRLVH UDWLR �UDQGRP QRLVH DQG IL[HG��SDWWHUQ QRLVH�

�� +RUL]RQWDO VWDWLF UHVROXWLRQ

�� $OLDVLQJ

�� 5HJLVWUDWLRQ

�� *HRPHWU\

�� :KLWH VKDGLQJ RU ZKLWH OHYHO QRQ��XQLIRUPLW\

�� %ODFN VKDGLQJ RU EODFN OHYHO QRQ��XQLIRUPLW\

�� 6WUHDNLQJ

�� )ODUH

�� 7UDQVIHU ODZ RU JDPPD FRUUHFWLRQ

�� 6PHDULQJ

�� 2YHU��H[SRVXUH KHDGURRP

�� %OHPLVKHV

�� ,PDJH IRUPDW

�� &RORULPHWULF ILGHOLW\ PHDVXUHPHQW

(DFK 6HFWLRQ EHJLQV ZLWK D GHILQLWLRQ RI WKH FKDUDFWHULVWLF� 7KLV LV IROORZHG E\ D GHVFULSWLRQ RI WKH
HTXLSPHQW XVHG DQG WKH DGMXVWPHQWV RI WKH FDPHUD DQG OHQV� DQG WKH GHVFULSWLRQ RI WKH PHDVXUHPHQW SURFHGXUH�
7KLV LQFOXGHV� ZKHUH QHFHVVDU\ DQ\ HTXDWLRQV QHHGHG WR FRQYHUW PHDVXUHPHQW UHVXOWV LQWR D YDOXH �RU VHULHV RI
YDOXHV� TXDQWLI\LQJ WKH FKDUDFWHULVWLF� )LQDOO\� JXLGDQFH LV JLYHQ RQ WKH IRUP RI SUHVHQWDWLRQ RI WKH UHVXOWV� ZLWK
WKH DLP RI HQVXULQJ WKDW UHVXOWV RI PHDVXUHPHQWV PDGH LQ GLIIHUHQW RUJDQL]DWLRQV� RU E\ HTXLSPHQW PDQXIDFWXUHUV�
FDQ EH PHDQLQJIXOO\ FRPSDUHG�

7KH RUGHU RI SUHVHQWDWLRQ RI WKH PHDVXUHPHQW SURFHGXUHV LQ WKLV GRFXPHQW GRHV QRW LPSO\ DQ\ RUGHU RI
LPSRUWDQFH RI WKH FRUUHVSRQGLQJ FKDUDFWHULVWLFV�
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�� 6HQVLWLYLW\

���� 'HILQLWLRQ

6HQVLWLYLW\ LV PHDVXUHG DV WKH LOOXPLQDWLRQ YDOXH UHTXLUHG� RQ D WHVW FKDUW ZLWK D JLYHQ UHIOHFWLRQ IDFWRU� WR
SURGXFH D QRPLQDO VLJQDO DW WKH FDPHUD RXWSXW� DW D FDOLEUDWHG OHQV DSHUWXUH�

���� (TXLSPHQW XVHG

7HVW FKDUW

$ UHIOHFWLYH WHVW FKDUW KDYLQJ DW OHDVW WZR QHXWUDO VDPSOHV RI VXLWDEOH GLPHQVLRQV WR DYRLG HGJH HIIHFWV
�VWUHDNLQJ� GLIIXVHG OLJKW� VKDGLQJ� LV UHFRPPHQGHG� 2QH RI WKH VXUIDFHV KDV D UHIOHFWLRQ IDFWRU RI DW OHDVW ���
RYHU WKH ZKROH YLVLEOH VSHFWUXP DQG WKH RWKHU KDV D VSHFWUDO UHIOHFWLRQ IDFWRU XQLIRUPO\ HTXDO WR ������

6HWV RI QHXWUDO VDPSOHV DUH VXLWDEOH IRU WKLV WHVW� RU D ´JUH\ VFDOHµ WHVW FKDUW RI WKH NLQG UHSUHVHQWHG LQ
)LJ� � PD\ EH XVHG�

���

6XSHU EODFN

)URQW RI
WHVW FKDUW

%R[ OLQHG
ZLWK EODFN
IORFN

$SHUWXUH

)LJ� � �� ([DPSOH RI D WHVW FKDUW IRU WKH PHDVXUHPHQW RI VHQVLWLYLW\�

'HWDLO RI 6XSHU EODFN

���� ����

0HDVXULQJ HTXLSPHQW

�� /LJKW PHWHU RU SKRWRPHWHU�

�� 9LGHR RVFLOORVFRSH RU VDPSOLQJ YLGHR YROWPHWHU�

�� 7ZR FRPPRQO\��XVHG WHVW FKDUWV KDYH UHIOHFWLRQ IDFWRUV IRU ´ZKLWHµ RI ��� DQG ��� UHVSHFWLYHO\� (LWKHU PD\ EH XVHG�
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���� 0HDVXUHPHQW FRQGLWLRQV

1RWH� %HFDXVH RI WKH LQDFFXUDF\ RI I��VWRS FDOLEUDWLRQ LQ FXUUHQW OHQVHV� D FDOLEUDWHG OHQV LV SUHIHUUHG IRU
WKLV PHDVXUHPHQW�

7KH WHVW FKDUW LV HYHQO\ LOOXPLQDWHG E\ D VRXUFH KDYLQJ D FRORXU WHPSHUDWXUH RI ���� � ���.�

7KH PHDVXUHPHQW LV PDGH RQ WKH SDUW RI WKH YLGHR VLJQDO FRUUHVSRQGLQJ WR WKH SDUW RI WKH WHVW FKDUW ZLWK
��� �RU PRUH� UHIOHFWDQFH�

7KH FDPHUD DQG OHQV FRQWUROV DUH VHW DV IROORZV�

&RQWURO 6HWWLQJ IRU
WKLV PHDVXUHPHQW

*DLQ � G%

)ODUH FRUUHFWRU 21

%ODFN EDODQFH ZLWK OHQV FDSSHG �� P9

:KLWH EDODQFH ��� P9

&RORXU FRUUHFWRU 21

$SHUWXUH�FRQWRXU FRUUHFWRU 21

1RLVH UHGXFHU �´FRULQJµ� 2))

%ODFN DQG ZKLWH VKDGLQJ FRUUHFWRUV 21 DQG RSWLPL]HG

*DPPD FRUUHFWRU 2))

'\QDPLF NQHH FRUUHFWRU 2))

([SRVXUH WLPH QRPLQDO YDOXH � �� PV�

:KLWH FOLSSHU 2))

3HGHVWDO 1RWH �

,ULV �����LQFK &&' LPDJH IRUPDW
�����LQFK &&' LPDJH IRUPDW

I ����
I ����

=RRP IRFDO OHQJWK 1RWH �

1RWHV�

� 7KH SHGHVWDO LV DGMXVWHG LQ VXFK D ZD\ WKDW WKH ORZHU SDUW RI WKH QRLVH RQ WKH EODFN UHIHUHQFH RI WKH FKDUW
LV MXVW DERYH WKH EODQNLQJ OHYHO �QRUPDOO\ � WR � P9�� 6HH ILJXUH EHORZ�

3HGHVWDO

%ODQNLQJ OHYHO

3HGHVWDO QRLVH� �� � P9

� /HQV DGMXVWPHQW LV RSWLPL]HG IRU VDWLVIDFWRU\ PHDVXUHPHQW �WKH HIIHFW RI YLJQHWWLQJ VKRXOG EH PLQLPL]HG��
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���� 0HDVXUHPHQW SURFHGXUH

7KH ZKLWH SDUW RI WKH WHVW FKDUW� KDYLQJ D UHIOHFWLRQ IDFWRU ��� RU PRUH� LV UHJDUGHG DV HTXLYDOHQW WR D
/DPEHUW UDGLDWRU� 7KH FRUUHVSRQGLQJ YLGHR VLJQDO DW WKH RXWSXW RI WKH JUHHQ FKDQQHO �*� LV PHDVXUHG� ,I WKH *
VLJQDO LV QRW DYDLODEOH �ZKLFK PD\ EH WKH FDVH ZLWK VRPH SRUWDEOH FDPHUDV�� WKH PHDVXUHPHQW LV PDGH RQ WKH
FRGHG VLJQDO �<�� WDNLQJ FDUH WR ILUVW EDODQFH WKH ZKLWH RI WKH FDPHUD �PLQLPXP VXE��FDUULHU��

7KH LOOXPLQDWLRQ OHYHO LQFLGHQW RQ WKH WHVW FKDUW LV DGMXVWHG XQWLO WKH QRPLQDO DPSOLWXGH RI ��� P9 LQ ��8
LV REWDLQHG LQ WKH JUHHQ FKDQQHO �RU FRGHG OXPLQDQFH� <��

7KH LOOXPLQDWLRQ LQFLGHQW RQ WKH WHVW FKDUW SODQH LV WKHQ PHDVXUHG�

1RWHV�

�� &DUH PXVW EH WDNHQ WR HQVXUH WKDW WKH FRORXU WHPSHUDWXUH RI WKH OLJKW LQFLGHQW RQ WKH WHVW FKDUW UHPDLQV
FRQVWDQW ZKHQ WKH IOX[ LV DGMXVWHG�

�� ,I SRVVLEOH� WKH OHQV VKRXOG EH FDOLEUDWHG LQ 7 YDOXHV� ,W PXVW EH ERUQH LQ PLQG WKDW WZR OHQVHV KDYLQJ WKH VDPH
7 YDOXHV JLYH LPDJHV RI WKH VDPH OLJKW LQWHQVLW\� WKLV PD\ QRW EH WKH FDVH IRU LGHQWLFDO I YDOXHV LI WKH OHQVHV
KDYH GLIIHUHQW WUDQVPLVVLRQ IDFWRUV W� 7KH UHODWLRQ EHWZHHQ 7 DQG I LV DV IROORZV�

7 

I

W����¯

���� 3UHVHQWDWLRQ RI UHVXOWV

7KH UHVXOWV DUH WR EH SUHVHQWHG DV IROORZV�

6HQVLWLYLW\

&&' IRUPDW� �����LQFK� 6HQVLWLYLW\  [[[[ /8; DW I �� RU 7��
�����LQFK� 6HQVLWLYLW\  [[[[ /8; DW I ���� RU 7����

&RQGLWLRQV�
:KLWH UHIOHFWDQFH IDFWRU� ���
1RPLQDO * �RU <� VLJQDO� ��� P9 � ��8
,OOXPLQDWLRQ FRORXU WHPSHUDWXUH� ���� � ��� .

1RWHV�

�� 7KH UHVXOWV WKDW DUH UHFRUGHG VKRXOG EH WKRVH FRUUHVSRQGLQJ WR ��� UHIOHFWDQFH LQ WKH ZKLWH DUHD� ,I D ���
UHIOHFWLYH WHVW FKDUW LV XVHG� WKH PHDVXUHPHQWV� LQ OX[� VKRXOG EH PXOWLSOLHG E\ ��� WR SUHVHQW WKH UHVXOWV FRUUH�
VSRQGLQJ WR �� � UHIOHFWDQFH�

�� 7KHVH UHVXOWV FDQ EH XVHG WR GHULYH WKH LOOXPLQDWLRQ UHTXLUHG IRU DSHUWXUHV RWKHU WKDQ WKRVH VSHFLILHG IRU WKH
PHDVXUHPHQWV� 7KH IROORZLQJ IRUPXOD VKRXOG EH XVHG�

(V 
 (P � �V�P��
ZKHUH�

(V LV WKH LOOXPLQDWLRQ UHTXLUHG WR JLYH DQ RXWSXW VLJQDO RI QRPLQDO DPSOLWXGH ZLWK WKH LULV VHWWLQJ I �V�

(P LV WKH LOOXPLQDWLRQ PHDVXUHG ZLWK WKH LULV VHWWLQJ I �P DW ZKLFK WKH PHDVXUHPHQW LV PDGH�
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�� 0D[LPXP VHQVLWLYLW\

���� 'HILQLWLRQ

0D[LPXP VHQVLWLYLW\ LV GHILQHG DV WKH PLQLPXP LOOXPLQDWLRQ YDOXH ZKLFK JXDUDQWHHV WKH QRPLQDO YLGHR
VLJQDO OHYHO IRU GHILQHG FDPHUD VHWWLQJV �PD[LPXP YLGHR JDLQ��

���� (TXLSPHQW XVHG

7KH WHVW FKDUW DQG HTXLSPHQW DUH WKH VDPH DV IRU WKH QRPLQDO VHQVLWLYLW\ PHDVXUHPHQW GHVFULEHG LQ
6HFWLRQ ��

���� 0HDVXUHPHQW FRQGLWLRQV

7KH PHDVXUHPHQWV DUH PDGH RQ WKH SDUW RI WKH YLGHR VLJQDO FRUUHVSRQGLQJ WR ZKLWH�

7KH FDPHUD DQG OHQV FRQWUROV DUH VHW DV IROORZV�

&RQWURO 6HWWLQJ IRU
WKLV PHDVXUHPHQW

*DLQ 0D[LPXP

)ODUH FRUUHFWRU 21

%ODFN EDODQFH ZLWK OHQV FDSSHG �� P9

:KLWH EDODQFH ��� P9

&RORXU FRUUHFWRU 21

$SHUWXUH�FRQWRXU FRUUHFWRU 21

1RLVH UHGXFHU �´FRULQJµ� 2))

%ODFN DQG ZKLWH VKDGLQJ FRUUHFWRUV 21 DQG RSWLPL]HG

*DPPD FRUUHFWRU 2))

'\QDPLF NQHH FRUUHFWRU 2))

([SRVXUH WLPH QRPLQDO YDOXH � �� PV�

:KLWH FOLSSHU ��

3HGHVWDO ��

,ULV �����LQFK &&' LPDJH IRUPDW
�����LQFK &&' LPDJH IRUPDW

0D[LPXP DSHUWXUH
1RWH

=RRP IRFDO OHQJWK &ORVH WR PLQLPXP

1RWH� ,W VKRXOG EH ERUQH LQ PLQG WKDW WKH VSOLWWHU PD\ KDYH D GLIIHUHQW DSHUWXUH�
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���� 0HDVXUHPHQW SURFHGXUH�

7KH LOOXPLQDWLRQ LV VHW LQ VXFK D ZD\ WKDW IRU WKH ZKLWH SDUW RI WKH WHVW FKDUW� WKH OHYHO RI WKH YLGHR VLJQDO�
PHDVXUHG DW WKH RXWSXW RI WKH JUHHQ FKDQQHO �RU < RXWSXW�� LV DERYH LWV QRPLQDO YDOXH�

7R VLPXODWH D UHGXFWLRQ LQ WHVW FKDUW LOOXPLQDWLRQ� ZLWKRXW FKDQJLQJ WKH FRORXU WHPSHUDWXUH RI WKH VRXUFH� D
FDOLEUDWHG DWWHQXDWRU ILOWHU LV SODFHG EHIRUH WKH IURQW OHQV RI WKH ]RRP�

7KH DWWHQXDWLRQ LV LQFUHDVHG E\ DGGLQJ QHXWUDO ILOWHUV XQWLO WKH QRPLQDO YLGHR OHYHO ���� P9���8� EHJLQV
WR GHFUHDVH�

7KH DWWHQXDWLRQ YDOXH� FRUUHVSRQGLQJ WR WKH WRWDO GHQVLW\ RI WKH ILOWHUV� LV QRWHG�

$QRWKHU ZD\ RI ORZHULQJ WKH LOOXPLQDWLRQ SURGXFHG E\ D TXDUW] VWXGLR ODPS LV WR GH��IRFXV LWV OXPLQRXV
IOX[ E\ PHDQV RI LWV LQWHUQDO VSKHULFDO PLUURU�

7KH PD[LPXP VHQVLWLYLW\ LV WKHQ FDOFXODWHG DV IROORZV� )LUVW WKH DWWHQXDWLRQ LV GHWHUPLQHG�

$ 
 ��'

ZKHUH� $ LV WKH WRWDO DWWHQXDWLRQ RI WKH ILOWHUV�

' LV WKH VXP RI WKH ILOWHU GHQVLWLHV�

$IWHU WKH WHVW FKDUW LOOXPLQDWLRQ ( KDV EHHQ PHDVXUHG� WKH VHQVLWLYLW\ 6 LV JLYHQ E\ WKH HTXDWLRQ�

6 
 (���'

,I WUDQVPLVVLRQ IDFWRUV DUH JLYHQ LQVWHDG RI GHQVLWLHV� WKHQ�

' 
 ORJ ���W

ZKHUH� W LV WKH WUDQVPLVVLRQ IDFWRU H[SUHVVHG DV D SHUFHQWDJH�

���� 3UHVHQWDWLRQ RI UHVXOWV

7KLV PHDVXUHPHQW GRHV QRW LQGLFDWH WKH LPSDLUPHQW RI WKH SLFWXUH TXDOLW\ ZKHQ WKH FDPHUD LV VHW WR PD[L�
PXP JDLQ� ZKLFK ZLOO GHSHQG RQ WKH GLIIHUHQW WHFKQLTXHV XVHG IRU FRQWRXU FRUUHFWLRQ� EDQGZLGWK UHGXFWLRQ� HWF�
$ URXJK LGHD RI WKH TXDOLW\ VKRXOG WKHUHIRUH EH JLYHQ E\ D PHDVXUHPHQW RI WKH XQZHLJKWHG VLJQDO��WR��QRLVH UDWLR
DQG KRUL]RQWDO UHVROXWLRQ XQGHU WKHVH FRQGLWLRQV�

7KH UHVXOWV DUH WR EH SUHVHQWHG DV IROORZV�

0D[LPXP VHQVLWLYLW\

0D[LPXP VHQVLWLYLW\  [[[ /8; DW I ���� �RU DFWXDO PD[LPXP DSHUWXUH�

&RQGLWLRQV�
:KLWH UHIOHFWDQFH IDFWRU� ���
*DLQ� � [[ G%

&RPSOHPHQWDU\ PHDVXUHPHQWV�
6LJQDO��WR��QRLVH UDWLR �XQZHLJKWHG�� [[ G%
5HVROXWLRQ� [[� DW [[ 0+]
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�� 6LJQDO��WR��QRLVH UDWLR �UDQGRP QRLVH�

,Q D &&' LPDJH SLFN��XS GHYLFH� WZR W\SHV RI QRLVH DIIHFW WKH SLFWXUH TXDOLW\� UDQGRP QRLVH DQG IL[HG��
SDWWHUQ QRLVH� $FFRUGLQJO\� WZR VLJQDO��WR��QRLVH UDWLR YDOXHV KDYH WR EH FRQVLGHUHG� 7KLV 6HFWLRQ LV FRQFHUQHG
ZLWK WKH PHDVXUHPHQW RI UDQGRP QRLVH� IL[HG��SDWWHUQ QRLVH LV FRQVLGHUHG LQ 6HFWLRQ ���

���� 'HILQLWLRQ

7KH YDULRXV FRQWULEXWLRQV WR UDQGRP QRLVH FDQ EH VXPPHG XS DV IROORZV�

5HVHW QRLVH 7KLV QRLVH LV GXH HVVHQWLDOO\ WR XQFHUWDLQW\ RYHU WKH YDOXH RI WKH UHVHW SRWHQWLDO RI IORDWLQJ
GLIIXVLRQ DW WKH RXWSXW�

2ZLQJ WR WKH WKHUPDO QRLVH JHQHUDWHG LQ WKH UHFKDUJH WUDQVLVWRU FKDQQHO� WKH SRWHQWLDO DW WKH FDSDFLW\ RXW�
SXW IOXFWXDWHV UDQGRPO\�

2XWSXW DPSOLILHU QRLVH 7KLV QRLVH LV DVVRFLDWHG ZLWK WKH DPSOLILHU WUDQVLVWRUV FRQQHFWHG WR WKH IORDWLQJ
GLIIXVLRQ RI WKH &&' RXWSXW� 7KLV QRLVH FRQIRUPV WR D ��I ODZ DW ORZ IUHTXHQFLHV� ,W EHFRPHV YLUWXDOO\ ZKLWH QRLVH
DW IUHTXHQFLHV LQ WKH UDQJH IURP � 0+] WR � 0+]�

'DUN FXUUHQW 7KH RULJLQ RI WKLV FXUUHQW LV WKH WKHUPDO JHQHUDWLRQ RI HOHFWURQ��KROH SDLUV ZKLFK DFFXPXODWH
LQ WKH QHDUHVW SRWHQWLDO ZHOO� 7KLV GDUN FXUUHQW IOXFWXDWHV DQG WKH UHVXOWLQJ VLJQDO LV D VKRW QRLVH ZKLFK GHSHQGV RQ
WKH LQWHJUDWLRQ WLPH DQG WHPSHUDWXUH RI WKH GHYLFH�

6LJQDO IOXFWXDWLRQ 'HWHFWLRQ RI DQ RSWLFDO VLJQDO LV DFFRPSDQLHG E\ QRLVH GXH WR WKH TXDQWXP QDWXUH RI
WKH SKRWRQV DEVRUEHG �QRLVH DFFRUGLQJ WR 3RLVVRQ·V ODZ��

���� (TXLSPHQW XVHG

7HVW FKDUW

2YHUDOO ZKLWH UHIOHFWLYH RU WUDQVSDUHQW WHVW FKDUW�

0HDVXULQJ HTXLSPHQW

�� 9LGHR QRLVH PHWHU�

)RU VRPH PHDVXUHPHQWV� DSSURSULDWH EDQGZLGWK OLPLWLQJ RU QRLVH ZHLJKWLQJ KDYH WR EH SODFHG EHWZHHQ WKH
FDPHUD DQG WKH PHDVXULQJ HTXLSPHQW� 7KHVH VWDQGDUGL]HG ILOWHUV DUH GHVFULEHG LQ GRFXPHQW (%8 7HFK� ���� >�@�
�6HH DOVR 3DUW &� $QQH[ ,,� SDUD� � RI &&,5 5HFRPPHQGDWLRQ ��� >�@�

���� 0HDVXUHPHQW FRQGLWLRQV

,Q DGGLWLRQ WR WKH UDQGRP QRLVH RI WKH &&' VHQVRUV� WKH RYHUDOO VLJQDO��WR��QRLVH UDWLR LV DIIHFWHG E\ QRLVH
JHQHUDWHG LQ WKH YLGHR VLJQDO SURFHVVLQJ FKDQQHO� ZLGH��EDQG DPSOLILHU� FRQWRXU FRUUHFWLRQ� FRORXU FRUUHFWLRQ
�PDVNLQJ�� QRQ��OLQHDU FRUUHFWLRQV� HQFRGHU VXEFDUULHU EDODQFH� ,Q RUGHU WR VHSDUDWH WKH HIIHFWV RI WKHVH SURFHVVHV�
LW LV UHFRPPHQGHG WKDW PHDVXUHPHQWV EH PDGH XQGHU WKUHH VHWV RI FRQGLWLRQV� OLVWHG LQ WKH WDEOH RQ SDJH ��� ,W LV
SHUPLVVLEOH WR DGMXVW WKH HQFRGHU VXE��FDUULHU EDODQFH WR REWDLQ WKH PLQLPXP QRLVH OHYHO LQ HDFK FRQGLWLRQ�

���� 0HDVXUHPHQW SURFHGXUH

&RQGLWLRQ $

7KH FDPHUD OHQV LV FDSSHG DQG WKH EODFN��OHYHO FRQWURO DGMXVWHG WR �� RI WKH QRPLQDO YLGHR OHYHO WR DYRLG
FOLSSLQJ RI QRLVH DW EODQNLQJ OHYHO�
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&RQWURO 6HWWLQJ IRU
&RQGLWLRQ $

6HWWLQJ IRU
&RQGLWLRQ %

6HWWLQJ IRU
&RQGLWLRQ &

*DLQ � G% 0D[LPXP

)ODUH FRUUHFWRU 21

%ODFN EDODQFH ZLWK OHQV FDSSHG �� P9

:KLWH EDODQFH ��� P9

&RORXU FRUUHFWRU 2)) 21

$SHUWXUH �FRQWRXU FRUUHFWRU 2)) �0+]� � G%�
OHYHO GHSHQGHQF\ DW ORZHU SRVLWLRQ

1RLVH UHGXFHU �´FRULQJµ� 2))

%ODFN DQG ZKLWH VKDGLQJ FRUUHFWRUV 21 DQG RSWLPL]HG

*DPPD FRUUHFWRU 2))
�JDPPD  ��

21 DQG FDOLEUDWHG
�JDPPD  �����

'\QDPLF NQHH FRUUHFWRU 2)) $XWRPDWLF

([SRVXUH WLPH QRPLQDO YDOXH � �� PV�

:KLWH FOLSSHU ��

3HGHVWDO ��

,ULV �����LQFK &&' LPDJH IRUPDW
�����LQFK &&' LPDJH IRUPDW

��
��

=RRP IRFDO OHQJWK ��

&RQGLWLRQ %

:LWK WKH OHQV FDSSHG� WKH EODFN OHYHO LV DGMXVWHG WR ��� RI WKH YLGHR VLJQDO OHYHO� �,W LV DVVXPHG WKDW D
SHGHVWDO RI ��� FRUUHVSRQGV WR D ZHOO��GHILQHG OLQHDU SRUWLRQ RI WKH JDPPD ODZ�� 7KH OHQV FDS LV WKHQ UHPRYHG
DQG WKH FDPHUD GLUHFWHG DW WKH UHIOHFWLYH RU WUDQVSDUHQW WHVW FKDUW� 7KH OHQV LV WKHQ GH��IRFXVVHG�

7KH DPSOLWXGH RI WKH YLGHR VLJQDO LV DGMXVWHG� E\ PRGLI\LQJ HLWKHU WKH WHVW FKDUW LOOXPLQDWLRQ RU WKH LULV VR
WKDW LWV YDOXH� ��� P9� FRUUHVSRQGV WR WKH SRLQW RI XQLW\ JDLQ �� G%� RQ WKH WUDQVIHU FXUYH �*DPPD  ������

&RQGLWLRQ &

7KH SURFHGXUH LV WKH VDPH DV IRU &RQGLWLRQ %� H[FHSW WKDW WKH JDLQ LV VHW WR LWV PD[LPXP YDOXH�

)RU WKH WKUHH VHWV RI FRQGLWLRQV $� % DQG &� WKH PHDVXUHPHQWV DUH PDGH ZLWK WKH QRLVH PHWHU� ZLWKLQ D
EDQG H[WHQGLQJ IURP ��� N+] �RU ��� N+] GHSHQGLQJ RQ WKH HTXLSPHQW� WR � 0+]� 7KH XSSHU IUHTXHQF\ OLPLW LV
GHILQHG E\ D EDQG��SDVV ILOWHU ZLWK VKDUS FXW��RII� DQG WKH ORZHU OLPLW LV GHILQHG E\ WKH ORZ��SDVV ILOWHU GHILQHG LQ
3DUW &� $QQH[ ,,� SDUD� �� RI >�@�

'HSHQGLQJ RQ WKH HTXLSPHQW XVHG� UHVXOWV ZLOO EH JLYHQ HLWKHU DV WKH 506 YDOXH RI WKH QRLVH� RU DV D GLUHFW
LQGLFDWLRQ RI WKH VLJQDO��WR��QRLVH UDWLR�

7KHVH PHDVXUHPHQWV FDQ EH PDGH RQ DQ\ RI WKH VLJQDOV DW WKH RXWSXW RI WKH FDPHUD� OXPLQDQFH �<�� RU
FRGHG < OXPLQDQFH VLJQDO ZLWK D VXE��FDUULHU ILOWHU ZKHQ WKH < RXWSXW LV QRW DFFHVVLEOH�

)RU OXPLQDQFH VLJQDO PHDVXUHPHQWV� WKH PHDVXUHPHQW LV PDGH ERWK ZLWK DQG ZLWKRXW WKH ZHLJKWLQJ ILOWHU
VSHFLILHG LQ 3DUW & RI >�@�

)RU HDFK RI WKH PHDVXUHPHQWV� WKH YDOXH RI WKH VLJQDO��WR��QRLVH UDWLR LV UHFRUGHG �RU FDOFXODWHG��
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7KH UHVXOWV DUH H[SUHVVHG LQ GHFLEHOV �G%� ZLWK UHIHUHQFH WR WKH QRPLQDO OHYHO ���� P9� FRUUHVSRQGLQJ WR
D ZKLWH OHYHO RI �����

7KH VLJQDO��WR��QRLVH YDOXH IRU WKH OXPLQDQFH VLJQDO LV GHWHUPLQHG DV IROORZV�

6�1 
 �� ORJ
QRPLQDO VLJQDO OHYHO
506 QRLVH OHYHO

G%

���� 3UHVHQWDWLRQ RI UHVXOWV

7KH UHVXOWV DUH WR EH SUHVHQWHG DV IROORZV�

5DQGRP QRLVH

6�1OXPLQDQFH  �� ORJ �QRPLQDO VLJQDO�506 QRLVH�

&RQGLWLRQV ZHLJKWHG 6�1 XQZHLJKWHG 6�1
$ [[�[[ G% [[�[[ G%
% [[�[[ G% [[�[[ G%
& [[�[[ G% [[�[[ G%

1RWHV�

�� 0HDVXUHPHQWV FRXOG DOVR EH PDGH RQ WKH 5*% VLJQDOV� WKLV ZRXOG EH KHOSIXO IRU FKHFNLQJ SXUSRVHV�

�� ,I WKH DSHUWXUH�FRQWRXU FRUUHFWLRQ FDQQRW EH VZLWFKHG 2)) IRU &RQGLWLRQ $� WKLV VKRXOG EH LQGLFDWHG ZLWK WKH
UHVXOWV�
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�� 6LJQDO��WR��QRLVH UDWLR �IL[HG��SDWWHUQ QRLVH�

���� 'HILQLWLRQ

)L[HG��SDWWHUQ QRLVH LV D VWDWLF QRLVH UHVXOWLQJ IURP YDULRXV SDUDPHWHUV�

1RQ��XQLIRUPLW\ RI WKH GDUN FXUUHQW� 7KLV QRQ��XQLIRUPLW\ UHVXOWV IURP WKH WKHUPDO JHQHUDWLRQ RI PLQRULW\
FDUULHUV LQ WKH VLOLFRQ� 7R D ILUVW DSSUR[LPDWLRQ� WKH GDUN FXUUHQW KDV WZR FRPSRQHQWV� D PHDQ GDUN FXUUHQW ZKLFK
LV UHODWLYHO\ XQLIRUP� WR ZKLFK DUH DGGHG ORFDOL]HG HIIHFWV GXH WR FU\VWDOOLQH LPSXULWLHV ZKLFK JHQHUDWH QRQ��XQL�
IRUPLWLHV DQG LQWHUIHUHQFH SHDNV�

1RQ��XQLIRUPLW\ RI SKRWRHOHPHQW UHVSRQVH� 7KHUH DUH YDULDWLRQV LQ WKH UHVSRQVH IURP RQH SL[HO WR WKH QH[W�
PDLQO\ DV D UHVXOW RI GLIIHUHQW VSDWLDO DSHUWXUHV RI WKH SKRWRHOHPHQWV� 7KLV QRQ��XQLIRUPLW\ JLYHV ULVH WR WKH SKH�
QRPHQRQ NQRZ DV WKH ´GLUW\ ZLQGRZ HIIHFWµ�

$ IHZ RWKHU SDUDPHWHUV� VXFK DV GLIIHUHQFHV LQ WKH DQWL��EORRPLQJ GUDLQV� FDQ DOVR FRQWULEXWH WR IL[HG��
SDWWHUQ QRLVH�

���� (TXLSPHQW XVHG

0HDVXULQJ HTXLSPHQW

�� 'LJLWDO RVFLOORVFRSH ZLWK DYHUDJLQJ IXQFWLRQ�

�� $SSURSULDWH YLGHR ILOWHUV�

�� 0RQRFKURPH PRQLWRU�

���� 0HDVXUHPHQW FRQGLWLRQV

7KH FDPHUD OHQV LV FDSSHG DQG WKH FDPHUD DQG OHQV FRQWUROV DUH VHW DV IROORZV�

&RQWURO 6HWWLQJ IRU
WKLV PHDVXUHPHQW

*DLQ � G%

)ODUH FRUUHFWRU 21

%ODFN EDODQFH ZLWK OHQV FDSSHG �� P9

:KLWH EDODQFH ��� P9

&RORXU FRUUHFWRU 2))

$SHUWXUH�FRQWRXU FRUUHFWRU 2))

1RLVH UHGXFHU �´FRULQJµ� 2))

%ODFN DQG ZKLWH VKDGLQJ FRUUHFWRUV 21 DQG RSWLPL]HG

*DPPD FRUUHFWRU 21 DQG FDOLEUDWHG

'\QDPLF NQHH FRUUHFWRU 21

([SRVXUH WLPH QRPLQDO YDOXH � �� PV�

:KLWH FOLSSHU ��

3HGHVWDO �� P9

,ULV �����LQFK &&' LPDJH IRUPDW
�����LQFK &&' LPDJH IRUPDW

��
��

=RRP IRFDO OHQJWK ��
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$V LQGLFDWHG LQ 6HFWLRQ ����� WKH IL[HG��SDWWHUQ QRLVH LV GHSHQGHQW XSRQ WKH WHPSHUDWXUH� ,W LV WKHUHIRUH
UHFRPPHQGHG WKDW PHDVXUHPHQWV EH UHSHDWHG XQGHU GLIIHUHQW HQYLURQPHQWDO FRQGLWLRQV�

D� 1RUPDO URRP WHPSHUDWXUH ����&��

E� $PELHQW WHPSHUDWXUH RI ���&�

0HDVXUHPHQWV DUH PDGH RQ WKH FDPHUD DIWHU D WHPSHUDWXUH VWDELOL]DWLRQ WLPH RI DW OHDVW � KRXUV� DQG DJDLQ
DIWHU � KRXUV�

���� 0HDVXUHPHQW SURFHGXUH

7KH PHDVXUHPHQW LV PDGH RQ WKH OXPLQDQFH VLJQDO� EXW FDQ DOVR EH PDGH RQ WKH 5*% VLJQDOV IRU YHULILFD�
WLRQ SXUSRVHV� ,Q WKH FDVH RI D FRPSRVLWH < RXWSXW VLJQDO� WKH VXE��FDUULHU PXVW EH DWWHQXDWHG E\ DQ DSSURSULDWH
QRWFK ILOWHU�

$V D JHQHUDO UXOH� VLQFH WKH ZKLWH QRQ��XQLIRUPLW\ LV QRW VLJQLILFDQW� LW LV RQO\ QHFHVVDU\ WR PHDVXUH WKH
IL[HG��SDWWHUQ QRLVH DW EODFN OHYHO� +RZHYHU� PHDVXUHPHQWV PD\ DOVR EH PDGH DW RWKHU OHYHOV�

7KH VLJQDO WR EH PHDVXUHG LV EDQG��SDVV ILOWHUHG IURP ��� N+] WR � 0+] XVLQJ D ILOWHU DV GHILQHG LQ 3DUW &�
$QQH[ ,,� SDUD � RI >�@� 7KH ILOWHUHG VLJQDO LV GLVSOD\HG XVLQJ DQ GLJLWDO VWRUDJH RVFLOORVFRSH KDYLQJ DQ DYHUDJLQJ
IXQFWLRQ� 7KH RVFLOORVFRSH LV VHW VR WKDW VHOHFWLRQ RI D OLQH LQ D JLYHQ ILHOG LV SRVVLEOH�

7KH ZHLJKWHG QRLVH PHDVXUHPHQW LV EHOLHYHG WR JLYH D UHDVRQDEOH FRUUHODWLRQ WR WKH SHUFHLYHG UHVXOWV�
ZKHUHDV WKH XQZHLJKWHG PHDVXUHPHQW FDQ EH DIIHFWHG E\ KLJK��IUHTXHQF\ FORFN QRLVH�

7KH VDPSOLQJ RVFLOORVFRSH PXVW EH VHW WR RSHUDWH DW �� 0VDPSOH�V RU PRUH� 7KH RVFLOORVFRSH VDPSOLQJ
IUHTXHQF\ PXVW EH LQGLFDWHG LQ WKH PHDVXUHPHQW UHVXOWV�

)RU D JLYHQ OLQH� WKH RVFLOORVFRSH ZLOO EH UHTXLUHG WR JLYH D PHDQ YDOXH IRU DW OHDVW �� PHDVXUHPHQW UHDG�
LQJV� &DUH PXVW EH WDNHQ WR HQVXUH WKDW WKH YLGHR VLJQDO RQ WKH FKRVHQ OLQH LV ZLWKLQ WKH G\QDPLF UDQJH RI WKH
GLJLWDO��WR��DQDORJXH FRQYHUWHU DW WKH RVFLOORVFRSH LQSXW 7KLV DYHUDJLQJ RSHUDWLRQ VHUYHV WR VHSDUDWH WKH IL[HG��
SDWWHUQ QRLVH IURP WKH WRWDO QRLVH �ZKLFK LQFOXGHV UDQGRP QRLVH�� 6LQFH WKH PHDQ YDOXH RI ZKLWH UDQGRP QRLVH LV
NQRZQ WR EH ]HUR� WKH VLJQDO REWDLQHG LV WKHUHIRUH WKH IL[HG��SDWWHUQ QRLVH RQO\� DV UHSUHVHQWHG LQ )LJ� ��

)LJ� � �� ([DPSOH RI WKH PHDVXUHPHQW RI IL[HG��SDWWHUQ QRLVH

7KH ERWWRP WUDFH VKRZV WKH WRWDO QRLVH �UDQGRP QRLVH SOXV IL[HG��SDWWHUQ QRLVH��
7KH WRS WUDFH VKRZV WKH DYHUDJH YDOXH RI WKH ERWWRP WUDFH� UHSUHVHQWLQJ WKH IL[HG��SDWWHUQ QRLVH RQO\�



W H F K ���� (%8 �� 0HDVXUHPHQWV RQ &&' FDPHUDV

��

0RQLWRULQJ RQ D PRQRFKURPH VFUHHQ PD\ EH XVHIXO�

,W LV UHFRPPHQGHG WKDW WKH PHDVXUHPHQWV DUH UHSHDWHG RQ WKUHH OLQHV RI D ILHOG DW +��� +�� DQG �+���
ZKHUH + LV WKH XVHIXO LPDJH KHLJKW�

0HDVXUHPHQWV DUH PDGH RQ RQH RU PRUH RXWSXWV� SUHIHUDEO\ LQ WKH IROORZLQJ RUGHU�

�� /XPLQDQFH < RU FRGHG <

�� 5*% VLJQDOV

7KH QXPEHU RI DFTXLVLWLRQV �VDPSOHV WDNHQ IRU IRU GHWHUPLQDWLRQ RI DYHUDJH YDOXHV� ZLOO EH UHFRUGHG�

7KH UHVXOW LV H[SUHVVHG LQ GHFLEHOV �G%�� DV D UDWLR RI WKH QRPLQDO YDOXH RI WKH XVHIXO VLJQDO ���� P9���8�
DQG WKH U�P�V� YDOXH RI WKH IL[HG��SDWWHUQ QRLVH�

7KH U�P�V YDOXH FDQ EH REWDLQHG RQ VRPH RVFLOORVFRSHV EXW LW LV RIWHQ LQGLFDWHG DV WKH VWDQGDUG GHYLDWLRQ�
7KH U�P�V LQGLFDWLRQ PD\ LQFOXGH WKH '& FRPSRQHQW�

$OWHUQDWLYHO\� WKH DFTXLUHG ZDYHIRUP IURP WKH RVFLOORVFRSH FDQ EH SURFHVVHG E\ D FRPSXWHU WR REWDLQ WKH
U�P�V� YDOXH�

7KH VWDQGDUG GHYLDWLRQ T LV UHODWHG WR WKH U�P�V YROWDJH DV IROORZV�

9506 
 T Q
Q� �

¯
ZKHUH� Q LV WKH QXPEHU RI VDPSOHV�

3UDFWLFDO PHDVXUHPHQW ZLOO XVH PRUH WKDQ �� VDPSOHV� VR 9 U�P�V� LV YHU\ FORVH WR WKH YDOXH RI T�

8QOHVV WKH YDOXHV PHDVXUHG RQ WKH WKUHH OLQHV DUH YHU\ GLIIHUHQW� DQ RYHUDOO UHVXOW VKRXOG EH REWDLQHG E\
DYHUDJLQJ WKH UHVXOWV RQ WKH WKUHH PHDVXUHG OLQHV�

1RWH� 7KH PHDVXUHPHQW PXVW QRW WDNH DFFRXQW RI DQ\ SHDNV ZKRVH DPSOLWXGHV VLJQLILFDQWO\ H[FHHG WKH DPSOL�
WXGH RI WKH IL[HG��SDWWHUQ QRLVH�

,I QHFHVVDU\� WKH PHDVXUHPHQWV FDQ EH UHSHDWHG ZLWK WKH YLGHR JDLQ RI WKH FDPHUD VHW WR WKH PD[LPXP
YDOXH� ,Q WKLV FDVH� WKH YDOXH RI WKLV JDLQ PXVW EH LQGLFDWHG�

���� 3UHVHQWDWLRQ RI UHVXOWV

7KH UHVXOWV DUH WR EH SUHVHQWHG DV IROORZV�

)L[HG��SDWWHUQ QRLVH

6�1OXPLQDQFH  �� ORJ �QRPLQDO VLJQDO�506 QRLVH�

5HVXOWV IRU ���&
:HLJKWHG 6�1 [[�[[ G%
8QZHLJKWHG 6�1 [[�[[ G%

5HVXOWV IRU ���&
:HLJKWHG 6�1 [[�[[ G%
8QZHLJKWHG 6�1 [[�[[ G%

&RQGLWLRQV�
1XPEHU RI DFTXLVLWLRQV� [[[
6DPSOLQJ IUHTXHQF\� [[[ VDPSOH�V

2VFLOORVFRSH
SORWV



W H F K ����(%8 �� 0HDVXUHPHQWV RQ &&' FDPHUDV

��

�� +RUL]RQWDO VWDWLF UHVROXWLRQ

���� 'HILQLWLRQ

6WDWLF UHVROXWLRQ LV PHDVXUHG DV WKH YDULDWLRQ LQ FDPHUD UHVSRQVH RYHU D UDQJH RI VSDWLDO IUHTXHQFLHV� 9HU\
RIWHQ� RQO\ RQH W\SLFDO KLJK IUHTXHQF\ LV FRQVLGHUHG� 7KH PHDVXUHPHQW RI VWDWLF UHVROXWLRQ LV D ZD\ RI FKDUDFWHU�
L]LQJ UHVSRQVH RI D FDPHUD WR ILQH GHWDLOV RI D SLFWXUH�

���� (TXLSPHQW XVHG

7HVW FKDUWV

7ZR GLIIHUHQW W\SHV RI WHVW FKDUWV FDQ EH XVHG� WKH IXQGDPHQWDO GLIIHUHQFH EHWZHHQ WKHP EHLQJ WKH IRUP RI
WKH WUDQVLWLRQV EHWZHHQ WKH ZKLWH DQG EODFN OHYHOV�

$ VLQXVRLGDO WHVW FKDUW FRQWDLQV YHUWLFDO EDUV� WKH GHQVLW\ YDULDWLRQ RI ZKLFK� LQ WKH KRUL]RQWDO GLUHFWLRQ�
JLYHV D VLQXVRLGDO YLGHR ZDYHIRUP� $Q H[DPSOH RI D VLQXVRLGDO WHVW FKDUW LV JLYHQ LQ )LJ� ��

$ UHFWDQJXODU IXQFWLRQ WHVW FKDUW KDV DOWHUQDWLQJ EODFN DQG ZKLWH YHUWLFDO EDUV ZLWK VKDUS WUDQVLWLRQV� 7KH
KRUL]RQWDO YDULDWLRQ RI WKH GHQVLW\ RI WKH EDUV LV D SHULRGLF ´UHFWDQJXODUµ IXQFWLRQ ZLWK D PDUN��VSDFH UDWLR RI ��

7KHVH FKDUWV XVXDOO\ FRQWDLQ WZR JURXSV RI EDUV ZLWK D NQRZQ VSDWLDO IUHTXHQF\� GLVWULEXWHG DW QLQH SRVL�
WLRQV ZLWKLQ WKH SLFWXUH� DV LQGLFDWHG LQ )LJ� �� 7KH JURXSV FRUUHVSRQG� DIWHU DQDO\VLV E\ WKH FDPHUD� WR YLGHR
IUHTXHQFLHV RI ��� 0+] DQG � 0+]�

7DEOH � VKRZV WKH DSSUR[LPDWH FRUUHVSRQGHQFH EHWZHHQ VSDWLDO IUHTXHQFLHV DQG YLGHR IUHTXHQFLHV�

7KH WHVW FKDUWV IRU &&'V RI WKH WZR PRVW FRPPRQ LPDJH IRUPDWV KDYH EDUV UHSUHVHQWLQJ WKH IROORZLQJ
VSDWLDO IUHTXHQFLHV�

�� WHVW FKDUW IRU �����LQFK LPDJH IRUPDW� � SHULRG DW ���� F�PP� �� SHULRGV DW ���� F�PP�

�� WHVW FKDUW IRU �����LQFK LPDJH IRUPDW� � SHULRG DW ���� F�PP� �� SHULRGV DW ���� F�PP�

1RWH� 7KH JURXSV RI �� SHULRGV DUH XVHIXO IRU D EHWWHU HYDOXDWLRQ RI DQ\ VSXULRXV PRGXODWLRQ RQ WKH � 0+] EXUVW
LQ WKH IRUP RI D PRLUp SDWWHUQ UHVXOWLQJ IURP DOLDVLQJ SKHQRPHQD �VHH )LJ� ���

,I D WHVW FKDUW ZLWK D UHFWDQJXODU IXQFWLRQ LV XVHG� WKH UHVSRQVH REWDLQHG LV WKH FRQWUDVW WUDQVIHU IXQFWLRQ
�&7)�� ,Q WKH FDVH RI D VLQXVRLGDO WHVW FKDUW� WKH UHVSRQVH LV WKH PRGXODWLRQ WUDQVIHU IXQFWLRQ �07)�� ,W PD\ EH
QRWHG WKDW LW LV HDVLHU WR FRPSDUH WKH 07) ZLWK WKH PHDVXUHPHQWV PDGH RQ OHQVHV�

7KH WHVW FKDUW ZLWK VLQXVRLGDO EDUV LV SUHIHUUHG EHFDXVH WKH WHVW FKDUW ZLWK D UHFWDQJXODU IXQFWLRQ PD\
FUHDWH KDUPRQLF IUHTXHQFLHV ZKLFK FDQ LPSDLU UHVROXWLRQ PHDVXUHPHQW� RZLQJ WR ´PRLUpµ SKHQRPHQD LQ &&'
FDPHUDV�

0HDVXULQJ HTXLSPHQW

�� 9LGHR RVFLOORVFRSH� D GLJLWDO VWRUDJH YLGHR RVFLOORVFRSH LV SUHIHUUHG�

7DEOH � �� 5HODWLRQVKLS EHWZHHQ VSDWLDO IUHTXHQFLHV DQG YLGHR IUHTXHQFLHV�

&&' LPDJH IRUPDW 9LGHR IUHTXHQF\ 6SDWLDO IUHTXHQF\

�LQFK� �0+]� �F\FOHV�PP� �79 OLQHV�SLFWXUH KHLJKW�

���
���

�

�

��

��

���

���
���

�

�

��

��

���



W H F K ���� (%8 �� 0HDVXUHPHQWV RQ &&' FDPHUDV

��

)LJ� � �� 7HVW FKDUW IRU UHVROXWLRQ PHDVXUHPHQWV� ZLWK D VLQXVRLGDO UHVSRQVH�

)LJ� � �� 7HVW FKDUW IRU UHVROXWLRQ PHDVXUHPHQWV� ZLWK D UHFWDQJXODU UHVSRQVH�



W H F K ����(%8 �� 0HDVXUHPHQWV RQ &&' FDPHUDV

��

���� 0HDVXUHPHQW FRQGLWLRQV

,UUHVSHFWLYH RI WKH W\SH RI WHVW FKDUW XVHG� WKH FDPHUD VHWWLQJV PXVW EH DV VKRZQ LQ WKH WDEOH EHORZ�

&RQWURO 6HWWLQJ IRU
WKLV PHDVXUHPHQW

*DLQ � G%

)ODUH FRUUHFWRU 21

%ODFN EDODQFH ZLWK OHQV FDSSHG �� P9

:KLWH EDODQFH ��� P9

&RORXU FRUUHFWRU 2))

$SHUWXUH�FRQWRXU FRUUHFWRU 2))

1RLVH UHGXFHU �´FRULQJµ� 2))

%ODFN DQG ZKLWH VKDGLQJ FRUUHFWRUV 21 DQG RSWLPL]HG

*DPPD FRUUHFWRU 2)) �JDPPD  ��

'\QDPLF NQHH FRUUHFWRU 21

([SRVXUH WLPH QRPLQDO YDOXH � �� PV�

:KLWH FOLSSHU ��

3HGHVWDO ��

,ULV �����LQFK &&' LPDJH IRUPDW
�����LQFK &&' LPDJH IRUPDW

I����
I��

=RRP IRFDO OHQJWK PLG��UDQJH

7KH DPSOLWXGH RI WKH SDUW RI WKH YLGHR VLJQDO GLVSOD\HG RQ WKH RVFLOORVFRSH FRUUHVSRQGLQJ WR WKH ORZHVW
IUHTXHQF\ LV QRUPDOL]HG WR �����

&DUH PXVW EH WDNHQ WR DYRLG FOLSSLQJ RI WKH VLJQDO WR EH PHDVXUHG DW WKH EODFN DQG ZKLWH OHYHOV�

���� 0HDVXUHPHQW SURFHGXUH

)RU D JLYHQ WHVW FKDUW� PHDVXUHPHQWV FDQ EH PDGH RQ WKH YDULRXV FDPHUD RXWSXW VLJQDOV� EXW SUHIHUDEO\ RQ
WKH < OXPLQDQFH VLJQDO �RU FRGHG < ZLWK SHUIHFW EODFN DQG ZKLWH EDODQFH��

7KH PHDVXUHPHQW LV PDGH DW WKH FHQWUH RI WKH LPDJH� EXW DOVR DW WKH VLGHV DQG DW WKH FRUQHUV VR WKDW
DFFRXQW LV WDNHQ RI WKH ODWHUDO FKURPDWLF DEHUUDWLRQ RI WKH OHQV�

,Q DGGLWLRQ WR GHWHUPLQLQJ UHVSRQVH RI WKH FDPHUD DW WKH SDUWLFXODU IUHTXHQF\ RI � 0+]� PHDVXUHPHQWV RI
WKH UHVSRQVH DW RWKHU IUHTXHQFLHV FRXOG VHUYH WR SORW D FXUYH JLYLQJ FRQWUDVW ORVV �RU PRGXODWLRQ� DFFRUGLQJ WR WKH
VSDWLDO IUHTXHQF\ RI WKH WHVW FKDUW� )UHTXHQF\ EXUVWV RI ���� �� �� �� �� �� � 0+] DUH UHFRPPHQGHG IRU WKLV PHD�
VXUHPHQW�

������ 6SHFLDO FRQVLGHUDWLRQV

D� ,PSDFW RI ´EHDWµ IUHTXHQFLHV RQ UHVROXWLRQ PHDVXUHPHQWV

:KHQ PHDVXULQJ WKH VWDWLF UHVROXWLRQ� LW LV SUREDEOH WKDW D ´EHDWµ ZLOO DIIHFW WKH FDPHUD UHVSRQVH DW D
VSHFLILF VSDWLDO IUHTXHQF\� DQG XQGHU FHUWDLQ FRQGLWLRQV RQO\� ,I WKLV RFFXUV� WKH PHDVXUHG VLJQDO UHVHPEOHV DQ
DPSOLWXGH��PRGXODWHG FDUULHU VLJQDO� DV VKRZQ LQ )LJ� ��



W H F K ���� (%8 �� 0HDVXUHPHQWV RQ &&' FDPHUDV

��

:KLWH

%ODFN

0

P

;

)LJ� � �� 'HWHUPLQDWLRQ RI WKH SHUFHQWDJH PRGXODWLRQ ZKHQ PHDVXULQJ VWDWLF UHVROXWLRQ�

; LV WKH DPSOLWXGH RI WKH VLJQDO DW ��� 0+]�

7KH SHUFHQWDJH RI PRGXODWLRQ LV WKHQ GHILQHG E\ WKH UHODWLRQVKLS�

PRGXODWLRQ ��� 
 0
; � ���

7KH LQWHUIHUHQFH ULSSOH DW WKLV IUHTXHQF\ LV JLYHQ E\�

ULSSOH ��� 
 P
0� ���

7KH VLJQDO OHYHO WR EH UHFRUGHG LQ WKH WHVW UHVXOWV LV WKDW FRUUHVSRQGLQJ WR WKH YDOXH 0�

E� &RQWUDVW DQG PRGXODWLRQ WUDQVIHU IXQFWLRQV

7KH IROORZLQJ HTXDWLRQV FDQ EH XVHG WR FRQYHUW EHWZHHQ WKH 07) WKH &7)�

07)�1� 
 2
�
À&7)�1�� &7)��1�

� �
&7)��1�

� �
&7)��1�

� �
&7)��1�

� � öööÃ
&7)�1� 
 �

Q À07)�1��
07)��1�

� �
07)��1�

� �
07)��1�

� �
07)��1�

� � öööÃ
ZKHUH� 1 LV WKH VSDWLDO IUHTXHQF\ RI WKH WHVW FKDUW� H[SUHVVHG LQ WHOHYLVLRQ OLQHV�SLFWXUH KHLJKW�

���� 3UHVHQWDWLRQ RI UHVXOWV

:KHUH RQO\ WKH PRGXODWLRQ YDOXH DW � 0+] LV UHTXLUHG� WKH PRGXODWLRQ SHUFHQWDJH LV REWDLQHG E\ GHILQLQJ
WKH UDWLR RI WKH UHVSRQVH DW � 0+] WR WKDW DW ��� 0+]�

7KH UHVXOWV DUH SUHVHQWHG LQ WKH IRUP RI D WDEOH UHSUHVHQWLQJ WKH YDULRXV DUHDV RI WKH LPDJH PHDVXUHG�

+RUL]RQWDO VWDWLF UHVROXWLRQ

&7) � 07) YDOXHV DW � 0+] DW QLQH LPDJH SRVLWLRQV�

[[[� [[[� [[[�
[[[� [[[� [[[�
[[[� [[[� [[[�
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��

,Q WKH FDVH RI PHDVXUHPHQWV PDGH DW D UDQJH RI VSDWLDO IUHTXHQFLHV� WKH FXUYH JLYLQJ WKH SHUFHQWDJH RI
PRGXODWLRQ LQ UHODWLRQ WR WKH VSDWLDO IUHTXHQF\ PXVW EH SORWWHG�

�
���

9LGHR IUHTXHQF\ �0+]�
RU 6SDWLDO IUHTXHQF\ �79/�+�

&7)
RU 07)

+RUL]RQWDO VWDWLF UHVROXWLRQ



W H F K ���� (%8 �� 0HDVXUHPHQWV RQ &&' FDPHUDV

��

�� $OLDVLQJ

���� 'HILQLWLRQ

$OLDVLQJ LV FDXVHG E\ XQZDQWHG IUHTXHQF\ FRPSRQHQWV� JHQHUDWHG DV D UHVXOW RI VXE��1\TXLVW VDPSOLQJ RI
WKH ZDQWHG LPDJH� ZKLFK IDOO LQ WKH ZDQWHG YLGHR EDQGZLGWK

������ *HQHUDWLRQ RI DOLDVLQJ FRPSRQHQWV

,PDJH SLFN��XS LQ D &&' VHQVRU WDNHV WKH IRUP RI D VSDWLDO VDPSOLQJ SURFHVV� 7KH VSHFWUXP RI WKH VLJQDO
REWDLQHG DW WKH RXWSXW RI VXFK D SURFHVV FRPSULVHV D EDVLF VSHFWUXP� ZKLFK LV UHSHDWHG DURXQG PXOWLSOHV RI WKH
VDPSOLQJ IUHTXHQF\� $ERYH D FHUWDLQ KLJK VSDWLDO IUHTXHQF\ LQ WKH LPDJH VLJQDO� WKH FRQGLWLRQ GLFWDWHG E\ WKH
1\TXLVW FULWHULRQ� ZKLFK VWDWHV WKDW WKH VDPSOLQJ IUHTXHQF\ VKRXOG EH DW OHDVW WZLFH WKH KLJKHVW IUHTXHQF\ LQ WKH
RULJLQDO VLJQDO �IVDPSOLQJ ! �IPD[�� LV QRW PHW� XQGHU WKHVH FRQGLWLRQV WKH EDVLF VSHFWUXP DQG WKH ILUVW UHSHDW VSHF�
WUXP FDQ RYHUODS DQG JLYH ULVH WR ´EHDWVµ� 7KHVH EHDWV DUH VHHQ DV PRLUp RQ WKH SLFWXUH�

7KH IUHTXHQF\ FRPSRQHQWV UHVXOWLQJ IURP WKH RYHUODS EHWZHHQ WKH EDVLF DQG UHSHDW VSHFWUD DUH FDOOHG
´DOLDVLQJµ FRPSRQHQWV�

)LJ� � GHSLFWV WKH VDPSOLQJ SURFHVV LQ WKH ;��GRPDLQ �L�H� KRUL]RQWDOO\ LQ WKH WHOHYLVLRQ SLFWXUH� DQG LQ WKH
VSDWLDO IUHTXHQF\ GRPDLQ IRU D &&' VHQVRU�

; GRPDLQ 6SDWLDO IUHTXHQF\ GRPDLQ

';

5�;�

;

5�I�

I

+�;�

;

5�I�

I

6�;�

;

6�I�

IG IV  ��G

4�;�

;

6�I�

I

4�;�  >5�;�
+�;�@6�;�

)RXULHU WUDQVIRUP

)LJ� � �� ,OOXVWUDWLRQ RI WKH LPDJH VDPSOLQJ SURFHVV LQ WKH ; GRPDLQ DQG VSDWLDO IUHTXHQF\ GRPDLQ�

4�I�  >5�I�+�I�@
6�I�
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��

07)

6SDWLDO IUHTXHQF\

)LHOG $

)LHOG %

)LHOG $

)LHOG %

)LHOG $

)LHOG %

G

6DPSOLQJ DSHUWXUHV

6DPSOLQJ FHQWUHV

07)

07)

IQ �IQ �IQ �IQ�

D

E

F

)LJ� � �� 5HVSRQVHV RI WKUHH W\SHV RI &&' VHQVRUV�

2YHUODSSLQJ SL[HOV

1RQ��FRQWLJXRXV SL[HOV

&RQWLJXRXV SL[HOV

2QH WHFKQLTXH XVHG WR DOOHYLDWH DOLDVLQJ LQYROYHV WKH LQVHUWLRQ RI DQ RSWLFDO ORZ��SDVV ILOWHU LQ WKH OLJKW
SDWK� WKLV UHGXFHV WKH OHYHO RI LQIRUPDWLRQ DERYH WKH 1\TXLVW IUHTXHQF\ ZKLFK UHDFKHV WKH VHQVRUV�

7KH YLVLELOLW\ RI PRLUp SDWWHUQV GHSHQGV RQ WKH W\SH RI VHQVRU� RQ WKH ORZ��SDVV RSWLFDO ILOWHULQJ DQG RQ WKH
VSDWLDO IUHTXHQF\ RI WKH WHVW SDWWHUQ ZKLFK LV DQDO\]HG�

7KH WUDGH��RII EHWZHHQ UHVROXWLRQ DQG DOLDVLQJ LV DOVR GHSHQGHQW XSRQ WKH &&' DUFKLWHFWXUH� 7KH VLWXDWLRQV
DUH GLIIHUHQW IRU IUDPH WUDQVIHU DQG LQWHUOLQH WUDQVIHU GHYLFHV� )LJ� � VKRZV WKH UHVSRQVHV RI VHQVRUV KDYLQJ QRQ��
FRQWLJXRXV SL[HOV �LQWHUOLQH WUDQVIHU &&'� DQG FRQWLJXRXV RU RYHUODSSLQJ SL[HOV �IUDPH WUDQVIHU &&'��

������ 6RPH FRQVLGHUDWLRQV RQ DOLDVLQJ PHDVXUHPHQW�

,W LV QRW DW SUHVHQW SRVVLEOH WR H[SUHVV WKH VHYHULW\ RI DOLDVLQJ DV D VLQJOH� PHDQLQJIXO ILJXUH� ,W LV ZHOO
NQRZQ WKDW ORZ IUHTXHQF\ DOLDV FRPSRQHQWV DUH PXFK PRUH QRWLFHDEOH WKDQ WKH KLJKHU IUHTXHQFLHV� FRQVHTXHQWO\�
VLPSOH DOLDVLQJ PHDVXUHPHQWV OHDG WR D JUDSK UDWKHU WKDQ WR D VLQJOH QXPEHU�

$ IXUWKHU SUREOHP� RI D PRUH SUDFWLFDO QDWXUH� LV WKDW WR PHDVXUH WKH DOLDV FXUYH LQ DQ XQDPELJXRXV ZD\� D
VLQXVRLGDO WHVW FKDUW LV QHHGHG ZKLFK LV ODUJH HQRXJK WR SHUPLW HDV\ PHDVXUHPHQW ZLWK D VSHFWUXP DQDO\]HU� 7KH
RQO\ DYDLODEOH VLQXVRLGDO WHVW FKDUW� WKH %%& 7& �� �)LJ� ��� GRHV QRW PHHW WKLV FULWHULRQ�

,Q RWKHU DSSOLFDWLRQV RXWVLGH WKH ILHOG RI YLGHR� WKH PRVW FRPPRQ VROXWLRQ WR WKH ILUVW SUREOHP LV WR VWDWH
WKDW DOO DOLDV IUHTXHQFLHV VKRXOG EH EHORZ D FHUWDLQ OHYHO ZKLFK GRHV QRW LQIOXHQFH WKH EDVHEDQG�

8QWLO WKLV FULWHULRQ FDQ EH PHW LQ &&' FDPHUDV� DQG WR DYRLG UHTXLUHPHQW IRU D VSHFLILF IRUP RI ZHLJKWLQJ
FXUYH� DQ LQGLFDWLRQ RI WKH VHYHULW\ RI DOLDVLQJ LQ WKH UDQJH RI PRVW GLVWXUELQJ IUHTXHQFLHV FDQ EH IRXQG E\ WKH
PHDVXULQJ SURFHGXUH GHVFULEHG EHORZ�



W H F K ���� (%8 �� 0HDVXUHPHQWV RQ &&' FDPHUDV

��

���� (TXLSPHQW XVHG

7HVW FKDUWV

7KH LGHDO VROXWLRQ ZRXOG EH D VHW RI WHVW FKDUWV ZLWK YHUWLFDO EODFN DQG ZKLWH EDUV RI GLIIHUHQW VSDWLDO IUH�
TXHQFLHV� 7KHVH ZRXOG KDYH D UHFWDQJXODU RU� SUHIHUDEO\�D VLQXVRLGDO GHQVLW\ YDULDWLRQ�

$QRWKHU SRVVLELOLW\ LV WR XVH D VLQJOH WHVW FKDUW ZLWK D NQRZQ VSDWLDO IUHTXHQF\ ZKHQ IUDPHG DFURVV LWV
RYHUDOO ZLGWK� $W WKH WRS RI WKH WHVW FKDUW� RXWVLGH WKH DUHD IUDPHG E\ WKH FDPHUD� D KRUL]RQWDO OLQH LV EHHQ GUDZQ
RQ ZKLFK DUH PDUNHG WKH IUDPLQJV FRUUHVSRQGLQJ WR VSHFLILF VSDWLDO IUHTXHQFLHV VHHQ E\ WKH FDPHUD� IUDPLQJ IRU
HDFK VSDWLDO IUHTXHQF\ FDQ EH DGMXVWHG E\ ]RRPLQJ LQ RU RXW� RU E\ FKDQJLQJ WKH GLVWDQFH WR WKH FDPHUD�

$ UDQJH RI IUHTXHQFLHV IURP � WR �� 0+] LV DSSURSULDWH IRU FXUUHQW FDPHUDV�

$Q H[DPSOH RI D WHVW FKDUW ZLWK GLIIHUHQW IUDPLQJ PDUNHUV LV JLYHQ LQ )LJ� ���

��

��

��

��

� �

� �

�

�

�

�

� 0+]

��� �����������

���������

)LJ� �� �� ([DPSOH RI D WHVW FKDUW IRU WKH PHDVXUHPHQW RI DOLDVLQJ�

0HDVXULQJ HTXLSPHQW

�� 0RQRFKURPH PRQLWRU

�� 6SHFWUXP DQDO\]HU

�� 9LGHR ILOWHUV

,W LV LPSRUWDQW WR HQVXUH WKDW RQO\ WKRVH FRPSRQHQWV RI DOLDVLQJ ZKLFK FDQ EH WUDQVPLWWHG WKURXJK GRZQ��
VWUHDP YLGHR HTXLSPHQW� DQG GHWHFWHG ZKHQ YLHZLQJ WKH SLFWXUHV� DUH PHDVXUHG� $Q DSSURSULDWH YLGHR EDQG��SDVV
ILOWHU LV UHTXLUHG�

���� 0HDVXUHPHQW FRQGLWLRQV

7KH FDPHUD LV DOLJQHG ZLWK D WHVW FKDUW RI D JLYHQ VSDWLDO IUHTXHQF\� DQG LWV VHOHFWHG RXWSXW LV FRQQHFWHG WR
WKH LQSXW RI D VSHFWUXP DQDO\]HU RU D ZDYHIRUP PRQLWRU� 7KH FDPHUD DQG OHQV VHWWLQJV VKRXOG EH DV VKRZQ LQ WKH
WDEOH RQ SDJH ���
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��

&RQWURO 6HWWLQJ IRU
WKLV PHDVXUHPHQW

*DLQ � G%

)ODUH FRUUHFWRU 21

%ODFN EDODQFH ZLWK OHQV FDSSHG �� P9

:KLWH EDODQFH ��� P9

&RORXU FRUUHFWRU 21

$SHUWXUH�FRQWRXU FRUUHFWRU 21

1RLVH UHGXFHU �´FRULQJµ� 2))

%ODFN DQG ZKLWH VKDGLQJ FRUUHFWRUV 21 DQG RSWLPL]HG

*DPPD FRUUHFWRU 2)) �JDPPD  ��

'\QDPLF NQHH FRUUHFWRU 21

([SRVXUH WLPH QRPLQDO YDOXH � �� PV�

:KLWH FOLSSHU ��

3HGHVWDO � P9 �1RWH�

,ULV �����LQFK &&' LPDJH IRUPDW
�����LQFK &&' LPDJH IRUPDW

6HW WR JLYH ��� P9���8
IRU SHDN ZKLWH

=RRP IRFDO OHQJWK ��

1RWH� ,I WKH VLJQDO LQFOXGHV PL[HG V\QF SXOVHV� LW LV UHFRPPHQGHG WKDW WKHVH
SXOVHV DUH VXSSUHVVHG� EHFDXVH WKH\ UHQGHU LQWHUSUHWDWLRQ RI WKH VSHFWUXP
DQDO\]HU FXUYHV PRUH GLIILFXOW�

���� 0HDVXUHPHQW SURFHGXUH

7KH SURFHGXUH LQYROYHV WZR VWHSV�

�� 6XEMHFWLYH LQYHVWLJDWLRQ RI WKH SHUIRUPDQFH RI WKH FDPHUD E\ FKDQJLQJ WKH WHVW FKDUW VSDWLDO PRGXODWLRQ
IUHTXHQF\ DQG QRWLQJ WKH FRQGLWLRQV ZKLFK FDXVH WKH ODUJHVW DQG PRVW QRWLFHDEOH DOLDV �PRLUp� SDWWHUQ�

�� 2EMHFWLYH PHDVXUHPHQW RI WKH DOLDV VLJQDO DQG WKH WHVW SDWWHUQ SDUDPHWHUV�

������ ,QYHVWLJDWLRQ RI SHUIRUPDQFH

$ JUDWLQJ ZLWK D VLQJOH KRUL]RQWDO VSDWLDO IUHTXHQF\ VKRXOG EH XVHG �VHH )LJ� ����

7KH FDPHUD��WR��FKDUW GLVWDQFH RU WKH ]RRP VHWWLQJ DUH YDULHG WR LQYHVWLJDWH WKH DOLDV SHUIRUPDQFH�

:LWK D NQRZOHGJH RI WKH QXPEHU RI &&' SL[HOV SHU URZ� WKH LPDJH IUHTXHQFLHV ZKLFK DUH OLNHO\ WR FDXVH
DOLDVLQJ FDQ EH SUHGLFWHG� 6RPH DGGLWLRQDO SURGXFWV PD\ EH JHQHUDWHG LQ WKH JDPPD SURFHVVRU� DV D FRQVHTXHQFH
RI QRQ��OLQHDU PL[LQJ RI KDUPRQLFV WR SURGXFH DQRWKHU IUHTXHQF\�

������ 0HDVXUHPHQW RI WKH DOLDVLQJ

0HDVXUHPHQWV DUH WDNHQ RQ WKH OXPLQDQFH �<� VLJQDO DQG DOVR RQ WKH FRORXU��GLIIHUHQFH VLJQDOV �5��<� DQG
�%��<� LI WKLV LV QHFHVVDU\ RU LI WKHVH VLJQDOV DUH VXEMHFW WR D JUHDWHU DOLDVLQJ GLVWXUEDQFH�

7KH VHOHFWHG VLJQDO LV GLVSOD\HG RQ D ZDYHIRUP PRQLWRU RU RQ D VSHFWUXP DQDO\]HU� D OLQH VWUREH LV XVHG LI
WKH WHVW SDWWHUQ LPDJH LV RQO\ D VPDOO SDUW RI WKH SLFWXUH�

:LWK WKH NQRZOHGJH JDLQHG IURP WKLV LQYHVWLJDWLRQ XVLQJ WKH VLQJOH��IUHTXHQF\ WHVW SDWWHUQ� WKH LPDJH VL]H
LV DGMXVWHG WR REWDLQ DOLDV SURGXFWV DW � 0+]�



tech 3281                                                                                                                     EBU Measurements on CCD cameras

30

If the image spatial frequency required to produce 1 MHz alias coincides with a zero in the anti-alias filter
characteristic, then an alternative frequency of 500 kHz should be chosen (the actual frequency used should be
noted with the results).

Having determined these conditions, the signal level measured with the zoom and iris adjusted to give a
1 MHz input frequency is adopted as a reference amplitude.

A record should be made of the image spatial frequency, the peak-to-peak 1 MHz alias amplitude, the
lens focal length, aperture, and object distance for each of the settings required to produce alias products in the
range of 0.5 MHz to 1 MHz.

Measurements at other alias frequencies within the pass-band can be made if considered necessary.

The amplitude of the alias component is read directly, in decibels, on the display of the spectrum
analyzer.

6.5. Presentation of results

The worst alias component will be recorded as a percentage of the input signal amplitude. Several results
may be recorded if it is difficult to choose the worst alias. The reason for the presentation of additional results
must then be stated. The difference in decibels between the 1 MHz reference signal and the alias component
must be recorded.

The results and a list of measurement conditions are to be presented as follows:

A print-out from the spectrum analyzer may be provided (an example is given in Fig. 11).

Fig 11 - Example of the measurement of aliasing, using a spectrum analyser

Aliasing

Difference in levels between alias
product and 1 MHz reference

Conditions
Type of test chart
Type of grating (sine/square)
Input frequency (test chart)
Type of output signal (Y, R-Y, B-Y)
Alias frequency (if not 1 MHz)
Lens focal length
Lens aperture
Video low-pass filter (if used)

xx dB

. . . . .

. . . . .

. . . . .

. . . . .

. . . . .

. . . . .

. . . . .

. . . . .



W H F K ����(%8 �� 0HDVXUHPHQWV RQ &&' FDPHUDV

��

�� 5HJLVWUDWLRQ

���� 'HILQLWLRQ

5HJLVWUDWLRQ LV PHDVXUHG DV WKH PD[LPXP UHODWLYH GLVSODFHPHQW EHWZHHQ WKH UHG �5� DQG JUHHQ �*�
VLJQDOV� DQG WKH EOXH �%� DQG JUHHQ �*� VLJQDOV�

,Q &&' FDPHUDV� DQ\ RIIVHWV ZKLFK PD\ H[LVW DUH PDLQO\ GXH WR ODWHUDO FKURPDWLF DEHUUDWLRQV LQ WKH OHQV�
7KH VHQVRUV WKHPVHOYHV DUH SRVLWLRQHG ZLWK JUHDW SUHFLVLRQ E\ PHDQV RI D PDVWHU OHQV DQG LQWURGXFH QR VLJQLIL�
FDQW RIIVHW�

���� (TXLSPHQW XVHG

7HVW FKDUW

$ WHVW FKDUW ZLWK EODFN KRUL]RQWDO DQG YHUWLFDO OLQHV RQ D ZKLWH EDFNJURXQG LV UHFRPPHQGHG�

7KLV WHVW FKDUW PXVW KDYH �� YHUWLFDO OLQHV DQG �� KRUL]RQWDO OLQHV� RI D ZLGWK HTXDO WR DW OHDVW ���� RI WKH
SLFWXUH KHLJKW WR PLQLPL]H DQ\ DOLDVLQJ SUREOHP�

$Q H[DPSOH RI VXFK D WHVW FKDUW LV VKRZQ LQ )LJ� ���

0HDVXULQJ HTXLSPHQW

�� 0RQRFKURPH PRQLWRU�

�� 9LGHR GHOD\ OLQHV� VZLWFKDEOH LQ �QV VWHSV ZLWK D WRWDO GHOD\ RI PRUH WKDQ ��� QV�

�� 'LIIHUHQWLDO YLGHR DPSOLILHU�

�� :DYHIRUP PRQLWRU�

�3��

3��

3  'LVWDQFH EHWZHHQ
YHUWLFDO OLQHV �SLWFK�

)LJ� �� �� 7HVW FKDUW IRU WKH PHDVXUHPHQW RI UHJLVWUDWLRQ�

3



W H F K ���� (%8 �� 0HDVXUHPHQWV RQ &&' FDPHUDV

��

���� 0HDVXUHPHQW FRQGLWLRQV

7KH FDPHUD DQG OHQV VHWWLQJV VKRXOG EH DV VKRZQ LQ WKH WDEOH EHORZ�

&RQWURO %DVLF
VHWWLQJ

*DLQ � G%

)ODUH FRUUHFWRU 21

%ODFN EDODQFH ZLWK OHQV FDSSHG �� P9

:KLWH EDODQFH ��� P9

&RORXU FRUUHFWRU 2))

$SHUWXUH�FRQWRXU FRUUHFWRU 2))

1RLVH UHGXFHU �´FRULQJµ� 2))

%ODFN DQG ZKLWH VKDGLQJ FRUUHFWRUV 21 DQG RSWLPL]HG

*DPPD FRUUHFWRU 21 DQG FDOLEUDWHG

'\QDPLF NQHH FRUUHFWRU 21

([SRVXUH WLPH QRPLQDO YDOXH � �� PV�

:KLWH FOLSSHU ��

3HGHVWDO ��

,ULV �����LQFK &&' LPDJH IRUPDW
�����LQFK &&' LPDJH IRUPDW

I��
I����

=RRP IRFDO OHQJWK 1RWH

1RWH� 0LQLPXP DQG LQWHUPHGLDWH SRVLWLRQV REWDLQHG E\ VXFFHVVLYHO\ GRXEOLQJ
WKH PLQLPXP IRFDO OHQJWK XQWLO WKH PD[LPXP IRFDO OHQJWK LV UHDFKHG�
,I UDQJH H[WHQGHUV RU RWKHU IRFDO OHQJWK DWWDFKPHQWV DUH ILWWHG� WKH WHVW VKDOO EH
UHSHDWHG DW WKH H[WUHPH IRFDO OHQJWKV�

���� 0HDVXUHPHQW SURFHGXUH

7KH PHDVXUHPHQW HTXLSPHQW LV FRQQHFWHG DV VKRZQ LQ )LJ� ���

0HDVXUHPHQWV DUH PDGH RQ WKH 5*% RXWSXWV�

$GMXVWDEOH
GHOD\ OLQH

$GMXVWDEOH
GHOD\ OLQH

*UHHQ

5HG
RU

%OXH

,QYHUWHU

)LJ� �� �� $UUDQJHPHQWV IRU WKH PHDVXUHPHQW RI UHJLVWUDWLRQ�

0RQRFKURPH
PRQLWRU



W H F K ����(%8 �� 0HDVXUHPHQWV RQ &&' FDPHUDV

��

7KH 5*% VLJQDO OHYHOV DUH VHW DW EHWZHHQ ��� DQG ���� RI WKHLU QRPLQDO SHDN OHYHO�

,W LV VXJJHVWHG WKDW WKH PHDVXUHPHQWV DUH PDGH ZLWK WKH OHQV VHWWLQJ LQ WKH H[WUHPH HQG�

:LWK WKH ZLGH DQJOH VHWWLQJ� WKH WHVW SDWWHUQ GLPHQVLRQV ZLOO IRU H[DPSOH EH� ��� [ ��� PP� ZLWK WKH
´WHOHµ VHWWLQJ� ��� [ ��� PP�

:LWK WKH FDPHUD FRUUHFWO\ IRFXVVHG RQ WKH WHVW FKDUW� DQG IRU D JLYHQ ]RRP VHWWLQJ� WKH LPDJH LV REVHUYHG
RQ D PRQRFKURPH PRQLWRU�

%\ DGMXVWPHQW RI WKH GHOD\ OLQHV� WZR YHUWLFDO OLQHV RI WKH 5��* �RU %��*� LPDJH DUH VXSHULPSRVHG LQ D
JLYHQ DUHD RI WKH SLFWXUH� 7KH FRQYHUJHQFH HUURU �LQ QDQRVHFRQGV� LV WKHQ UHDG RXW GLUHFWO\ IURP WKH GHOD\ OLQH
VHWWLQJV�

7KH YHUWLFDO UHJLVWUDWLRQ HUURU LV PHDVXUHG E\ FRPSDULVRQ ZLWK D KRUL]RQWDO GLVWRUWLRQ RI WKH VDPH DPSOL�
WXGH� 7KH PHDVXUHPHQWV DUH UHSHDWHG LQ WKUHH SRVLWLRQV RI WKH LPDJH GHILQHG DV IROORZV� �VHH )LJ� ����

3RV� �

3RV� �

3RV� �

3RV� �

�� �

���G

���G

����G

)LJ� �� �� 3RVLWLRQV IRU WKH PHDVXUHPHQW RI UHJLVWUDWLRQ�

1RWH� G LV WKH OHQJWK RI WKH LPDJH GLDJRQDO�

%HIRUH WDNLQJ PHDVXUHPHQWV DW SRVLWLRQV � DQG �� WKH &&' SRVLWLRQLQJ VKRXOG EH YHULILHG DW SRVLWLRQ ��

7KHQ� IRU WKH GLIIHUHQW IRFDO OHQJWKV �PLQLPXP� LQWHUPHGLDWH� PD[LPXP� WKH PD[LPXP HUURUV DUH UH�
FRUGHG IRU SRVLWLRQV � DQG ��

���� 3UHVHQWDWLRQ RI UHVXOWV

7KH PD[LPXP HUURUV DUH JLYHQ DV SHUFHQWDJHV RI WKH LPDJH KHLJKW��

7KH UHVXOWV DUH WR EH SUHVHQWHG DV IROORZV�

5HJLVWUDWLRQ

3RVLWLRQ 5��* %��*
� [[ � [[�
� [[� [[�

�� $ YHUWLFDO UHJLVWUDWLRQ HUURU RI ���� RI WKH LPDJH KHLJKW LV HTXLYDOHQW WR DQ HUURU RI �� QV LQ WKH KRUL]RQWDO
GLUHFWLRQ� IRU WKH ,78��5 �����OLQH WHOHYLVLRQ VWDQGDUG�



W H F K ���� (%8 �� 0HDVXUHPHQWV RQ &&' FDPHUDV

��

�� *HRPHWU\

���� 'HILQLWLRQ

7KH FKDUDFWHULVWLF NQRZQ DV JHRPHWU\ LV D PHDVXUH RI WKH DELOLW\ RI D FDPHUD WR IDLWKIXOO\ UHSURGXFH WKH
VKDSH DQG UHODWLYH GLPHQVLRQV RI D VFHQH�

������ 7\SHV RI JHRPHWU\ HUURU

*HRPHWU\ LV PHDVXUHG DV WKH ´PDSSLQJµ HUURU EHWZHHQ D ��� UHFWDQJXODU WHVW SDWWHUQ DQG LWV UHSURGXFWLRQ
E\ WKH FDPHUD� *HRPHWULF SLFWXUH GLVWRUWLRQV LQ &&' FDPHUDV DUH GXH SULPDULO\ WR OHQV��UHODWHG GLVWRUWLRQV� DV
WKHUH DUH QR VFDQQLQJ HUURUV LQ &&' VHQVRUV�

2SWLFDO GLVWRUWLRQ� LQ JHQHUDO� LV D FDXVHG E\ D YDULDWLRQ LQ WKH PDJQLILFDWLRQ RI WKH LPDJH� ZKLFK LV GHSHQ�
GHQW RQ WKH GLVWDQFH IURP WKH WKH RSWLFDO D[LV� ,WV HIIHFW LV WR FDXVH VWUDLJKW OLQHV LQ WKH REMHFW WR DSSHDU FXUYHG LQ
WKH LPDJH�

7ZR IRUPV RI JHRPHWULF HUURUV FDQ EH GHWHUPLQHG RQ D UHFWDQJXODU REMHFW �)LJ� ����

�� D QHJDWLYH GLVWRUWLRQ� LQ ZKLFK WKH SRLQWV RI WKH REMHFW DUH GLVSODFHG IURP WKHLU WKHRUHWLFDO SRVLWLRQ LQ D GLUHF�
WLRQ WRZDUGV WKH RSWLFDO D[LV �EDUUHO GLVWRUWLRQ��

�� D SRVLWLYH GLVWRUWLRQ� LQ ZKLFK WKH SRLQWV DUH GLVSODFHG LQ D GLUHFWLRQ DZD\ IURP WKH RSWLFDO D[LV �SLQFXVKLRQ
GLVWRUWLRQ��

)LJ� �� �� ,OOXVWUDWLRQ RI JHRPHWU\ HUURUV�

%DUUHO GLVWRUWLRQ �QHJDWLYH� 3LQ��FXVKLRQ GLVWRUWLRQ �SRVLWLYH�

���� (TXLSPHQW XVHG

7HVW FKDUWV

D� $ FRPPRQO\��XVHG WHVW FKDUW LV WKH JHRPHWU\ WHVW FKDUW VKRZQ LQ )LJ� ��D� 7KLV FKDUW IHDWXUHV FRQFHQWULF
ULQJV� WKH H[WHUQDO DQG LQWHUQDO GLDPHWHUV RI ZKLFK DUH FDOLEUDWHG DV SHUFHQWDJHV RI WKH SLFWXUH KHLJKW� WKHVH
ULQJV GHWHUPLQH WKH WROHUDQFHV�

$Q HOHFWURQLFDOO\��JHQHUDWHG WHVW SDWWHUQ ZLWK D JULOOH FRPSULVLQJ �� KRUL]RQWDO OLQHV DQG �� YHUWLFDO OLQHV� LQ D
UHFWDQJOH RI IRUPDW ���� FDQ EH XVHG DV D UHIHUHQFH �VHH )LJ� ��E��

E� $Q DOWHUQDWLYH WHVW FKDUW FRPSULVLQJ �� FROXPQV [ �� URZV RI FRQFHQWULF FLUFOHV DV VKRZQ LQ )LJ� ��G FDQ DOVR
EH XVHG� ,Q WKLV FDVH� LW LV XVHG LQ FRQMXQFWLRQ ZLWK DQ HOHFWURQLF GRW JHQHUDWRU�

0HDVXULQJ HTXLSPHQW

�� (OHFWURQLF WHVW SDWWHUQ JHQHUDWRU �FURVV KDWFK RU GRWV��

�� +LJK��TXDOLW\ PRQRFKURPH PRQLWRU�

�� $QDORJXH PL[HU ZLWK WZR LQSXWV�



W H F K ����(%8 �� 0HDVXUHPHQWV RQ &&' FDPHUDV

��

1RWHV� 7KH GLDPHWHU RI WKH RXWHU FLUFOH LV HTXDO WR WKH SLFWXUH ZLGWK�
7KH GLDPHWHU RI WKH LQQHU FLUFOH LV ��� WLPHV SLFWXUH ZLGWK�
+  SLFWXUH KHLJKW�

����+

����+

)LJ� �� �� 7HVW FKDUWV IRU WKH PHDVXUHPHQW RI JHRPHWU\�

D

E

7HVW FKDUW IRU JHRPHWU\ PHDVXUHPHQW�

(OHFWURQLFDOO\��JHQHUDWHG JULG SDWWHUQ�



W H F K ���� (%8 �� 0HDVXUHPHQWV RQ &&' FDPHUDV

��

;

<

;�

<�

$ %

&

'

(

1RWHV� 7KH FLUFOH UDGLL DUH ���� ���� ��� DQG ��� � RI SLFWXUH KHLJKW
7KH ZLGWK RI WKH LQQHU ]RQH LV ��� WLPHV WKH LPDJH ZLGWK�
7KH KHLJKW RI WKH LQQHU ]RQH LV ��� WLPHV WKH LPDJH KHLJKW�
7KH FRUQHU UDGLXV RI WKH LQQHU ]RQH LV ���� WLPHV WKH LPDJH KHLJKW�

)LJ� �� �� 7HVW FKDUWV IRU WKH PHDVXUHPHQW RI JHRPHWU\�

F 6XSHULPSRVHG LPDJHV RI WHVW FKDUW DQG
HOHFWURQLFDOO\��JHQHUDWHG UHIHUHQFH JULG�

G $OWHUQDWLYH IRUP RI WHVW FKDUW� IRU XVH ZLWK DQ
HOHFWURQLF GRW��SDWWHUQ JHQHUDWRU�



W H F K ����(%8 �� 0HDVXUHPHQWV RQ &&' FDPHUDV

��

���� 0HDVXUHPHQW FRQGLWLRQV

7KH FDPHUD DQG OHQV VHWWLQJV VKRXOG EH DV VKRZQ EHORZ�

&RQWURO %DVLF
VHWWLQJ

*DLQ � G%

)ODUH FRUUHFWRU 21

%ODFN EDODQFH ZLWK OHQV FDSSHG �� P9

:KLWH EDODQFH ��� P9

&RORXU FRUUHFWRU 21

$SHUWXUH�FRQWRXU FRUUHFWRU 21

1RLVH UHGXFHU �´FRULQJµ� 2))

%ODFN DQG ZKLWH VKDGLQJ FRUUHFWRUV 21 DQG RSWLPL]HG

*DPPD FRUUHFWRU 21 DQG FDOLEUDWHG

'\QDPLF NQHH FRUUHFWRU 21

([SRVXUH WLPH QRPLQDO YDOXH � �� PV�

:KLWH FOLSSHU ��

3HGHVWDO ��

,ULV �����LQFK &&' LPDJH IRUPDW
�����LQFK &&' LPDJH IRUPDW

PD[LPXP
PD[LPXP

=RRP IRFDO OHQJWK ��

7KH FDPHUD PXVW EH SHUIHFWO\ FHQWUHG RQ WKH WHVW SDWWHUQ DQG SHUSHQGLFXODU WR LW� DQG WKH DFWXDO KHLJKW RI
WKH LPDJH LV DGMXVWHG WR EH HTXDO WR WKH KHLJKW RI WKH ILQDO LPDJH IRUPDW�

)RU ]RRP OHQVHV� WKH SLFWXUH KHLJKW GLVWRUWLRQ VKRXOG EH GHWHUPLQHG DV D IXQFWLRQ RI IRFDO OHQJWK� =RRP
OHQVHV XVXDOO\ KDYH QHJDWLYH �EDUUHO� GLVWRUWLRQ DW WKHLU VKRUWHVW IRFDO OHQJWKV DQG SRVLWLYH �SLQFXVKLRQ� GLVWRUWLRQ
DW WKHLU ORQJHVW IRFDO OHQJWKV� 0HDVXUHPHQWV DUH WKHUHIRUH WDNHQ ZLWK D IRFDO OHQJWK FRUUHVSRQGLQJ WR ´ZLGH
DQJOHµ LQ RUGHU WR GHWHUPLQH WKH EDUUHO GLVWRUWLRQ DQG ZLWK D IRFDO OHQJWK ZKLFK LV WZLFH DV ORQJ DV WKH ILUVW� WR
GHWHUPLQH WKH SLQFXVKLRQ GLVWRUWLRQ� $ IXUWKHU GRXEOLQJ RI WKH IRFDO OHQJWK ZLOO HQVXUH WKDW WKH PD[LPXP SLQ��
FXVKLRQ GLVWRUWLRQ LV REWDLQHG� 0RVW ]RRP OHQVHV KDYH PD[LPXP GLVWRUWLRQV IRU WKHVH WZR VHWWLQJV� DV LOOXVWUDWHG
LQ )LJ� ���

�

�

���

�

� �� �� �� �� ���

3LQFXVKLRQ

%DUUHO

)RFDO OHQJWK

I��VWRSV

)LJ� �� �� 7\SLFDO YDULDWLRQV RI JHRPHWULF GLVWRUWLRQ DV D IXQFWLRQ RI IRFDO OHQJWK�

'
LV
WR
UW
LR
Q



W H F K ���� (%8 �� 0HDVXUHPHQWV RQ &&' FDPHUDV

��

:KHQ WKH IRFDO GLVWDQFH LV LQFUHDVHG E\ D IDFWRU RI �� DQG LI WKH VDPH ILHOG DQJOH LV WR EH SUHVHUYHG� WKH WHVW
SDWWHUQ GLPHQVLRQV PXVW EH PXOWLSOLHG E\ �� LW LV WKHUHIRUH KHOSIXO WR KDYH WZR JHRPHWULF WHVW SDWWHUQV ZLWK D
GLPHQVLRQDO UDWLR RI �� 7KLV DYRLGV KDYLQJ WR PRYH WKH FDPHUD LQ UHODWLRQ WR WKH WHVW SDWWHUQ DQG UHSHDWLQJ WKH
SRVLWLRQDO VHWWLQJV ZKLFK DUH XVXDOO\ IDLUO\ WLPH��FRQVXPLQJ�

���� 0HDVXUHPHQW SURFHGXUH

7KH PRQLWRU LV VHW LQ WKH ORZ��VFDQ �XQGHUVFDQ� PRGH�

2QH RI WKH WHVW FKDUWV VKRZQ LQ )LJ� �� LV XVHG� ZLWK DQ HOHFWURQLF WHVW SDWWHUQ JHQHUDWRU �OLQHV RU GRWV� DV
DSSURSULDWH��

7KH PHDVXUHPHQW LV PDGH RQ WKH PRQRFKURPH PRQLWRU VFUHHQ ZKLFK GLVSOD\V WKH FDPHUD RXWSXW SLFWXUH
VXSHULPSRVHG RYHU WKH HOHFWURQLFDOO\��JHQHUDWHG UHIHUHQFH WHVW SDWWHUQ�

7KH DPSOLWXGH DQG DOLJQPHQW VHWWLQJV RI WKH HOHFWURQLF WHVW SDWWHUQ PXVW EH VXFK WKDW WKH FURVV��SRLQWV RI
WKH OLQHV �RU WKH GRWV� FRLQFLGH SHUIHFWO\ ZLWK WKH FRUUHVSRQGLQJ SRLQWV RI WKH JHRPHWU\ WHVW SDWWHUQ DQDO\]HG E\
WKH FDPHUD �)LJ� ����

)RU WKH IRFDO OHQJWKV GHILQHG SUHYLRXVO\� WKH GLVSODFHPHQW '+ RI HDFK FRUQHU LQ WKH YHUWLFDO GLUHFWLRQ LV
PHDVXUHG� 7KH GLVWRUWLRQ LV WKHQ FDOFXODWHG DV D SHUFHQWDJH RI SLFWXUH KHLJKW E\ WKH IRUPXOD�

' 
 '+
+ � ���

ZKHUH� '+ LV WKH GLVSODFHPHQW
+ LV WKH GLVSOD\HG SLFWXUH KHLJKW

7KH DYHUDJH RI WKH GLVWRUWLRQV IRU WKH IRXU FRUQHUV LV WKHQ FDOFXODWHG�

���� 3UHVHQWDWLRQ RI UHVXOWV

$ WDEXODU IRU RI SUHVHQWDWLRQ RI WKH UHVXOWV LV UHFRPPHQGHG� DV IROORZV�

*HRPHWU\

)RFDO OHQJWK $YHUDJH GLVWRUWLRQ
0LQLPXP � � [[� �EDUUHO�� � � � �
� [ PLQLPXP � � [[� �SLQ��FXVKLRQ�� � � � �
� [ PLQLPXP � � [[�� � � � �



W H F K ����(%8 �� 0HDVXUHPHQWV RQ &&' FDPHUDV

��

�� :KLWH VKDGLQJ RU ZKLWH OHYHO QRQ��XQLIRUPLW\

���� 'HILQLWLRQ

:KLWH VKDGLQJ RU QRQ��XQLIRUPLW\ LV PHDVXUHG DV WKH PD[LPXP H[WHQW RI ZKLWH OHYHO YDULDWLRQV� LQ
GLIIHUHQW DUHDV RI WKH SLFWXUH� ZKHQ WKH FDPHUD LV GLUHFWHG DW DQ HYHQO\��LOOXPLQDWHG WHVW FKDUW�

���� (TXLSPHQW XVHG

7HVW FKDUW

8QLIRUPO\ UHIOHFWLYH QHXWUDO WHVW FKDUW�

0HDVXULQJ HTXLSPHQW

�� 2VFLOORVFRSH�

�� 9LGHR DPSOLWXGH PHWHU�

���� 0HDVXUHPHQW FRQGLWLRQV

7KH FDPHUD DQG OHQV VHWWLQJV VKRXOG EH DV VKRZQ EHORZ�

&RQWURO %DVLF
VHWWLQJ

*DLQ � G%

)ODUH FRUUHFWRU 21

%ODFN EDODQFH ZLWK OHQV FDSSHG �� P9

:KLWH EDODQFH ��� P9

&RORXU FRUUHFWRU 21

$SHUWXUH�FRQWRXU FRUUHFWRU 21

1RLVH UHGXFHU �´FRULQJµ� 2))

%ODFN DQG ZKLWH VKDGLQJ FRUUHFWRUV 21 DQG RSWLPL]HG

*DPPD FRUUHFWRU 21 DQG FDOLEUDWHG

'\QDPLF NQHH FRUUHFWRU 21

([SRVXUH WLPH QRPLQDO YDOXH � �� PV�

:KLWH FOLSSHU ��

3HGHVWDO ��

,ULV �����LQFK &&' LPDJH IRUPDW
�����LQFK &&' LPDJH IRUPDW

6HH 6HFWLRQ ����
6HH 6HFWLRQ ����

=RRP IRFDO OHQJWK ��

7KH WHVW FKDUW LOOXPLQDWLRQ LV DGMXVWHG VR WKDW WKH 5*% RXWSXW VLJQDOV DUH HTXDO WR ��� P9���8 �QRPLQDO
DPSOLWXGH��

7KH OHQV LV LQLWLDOO\ IRFXVVHG RQ WKH WHVW FKDUW DQG WKHQ GH��IRFXVVHG�



W H F K ���� (%8 �� 0HDVXUHPHQWV RQ &&' FDPHUDV

��

���� 0HDVXUHPHQW SURFHGXUH

7KH ILUVW VWHS LV WR VHW XS WKH DOLJQPHQW RI VKDGLQJ FRUUHFWLRQ� 7KH OHQV LV DGMXVWHG DV IROORZV�

,ULV �����LQFK &&' LPDJH IRUPDW
�����LQFK &&' LPDJH IRUPDW

I ����
I ��

=RRP IRFDO OHQJWK QRUPDO RSHUDWLQJ SRVLWLRQ

7KH VKDGLQJ FRUUHFWRU LV VHW WR WKH SRVLWLRQ JLYLQJ WKH EHVW UHVXOWV�

7KHQ� LW LV UHFRPPHQGHG WR WDNH PHDVXUHPHQWV LQ WZR VHWV RI FRQGLWLRQV�

&RQGLWLRQ $

7KH OHQV LV DGMXVWHG DV IROORZV�

,ULV �����LQFK &&' LPDJH IRUPDW
�����LQFK &&' LPDJH IRUPDW

IXOO\ RSHQ

=RRP IRFDO OHQJWK QR FKDQJH

,Q WKLV FDVH� WKH GLVWRUWLRQ LV PDLQO\ LQWURGXFHG E\ YLJQHWWLQJ LQ WKH RSWLFDO V\VWHP�

0HDVXUHPHQWV DUH PDGH RQ WKH 5*% RXWSXW VLJQDOV DQG WKH GLVWRUWLRQV DUH UHFRUGHG IRU WZR SLFWXUH ]RQHV
GHILQHG LQ )LJ� ����

&RQGLWLRQ %

7KH OHQV LV DGMXVWHG DV IROORZV�

,ULV �����LQFK &&' LPDJH IRUPDW
�����LQFK &&' LPDJH IRUPDW

IXOO\ RSHQ

=RRP IRFDO OHQJWK FKDQJH WR REWDLQ
ZRUVW UHVXOW

,Q WKLV FDVH WKH GLVWRUWLRQV DUH WKH UHVXOW RI YLJQHWWLQJ DQG YHUWLFDO VKDGLQJ�

7KH IRFDO OHQJWK DGMXVWPHQW ZKLFK JLYHV WKH ZRUVW UHVXOW PD\ EH ZLGH��DQJOH SRVLWLRQ�

��� 9

=RQH $

=RQH %

+

��� +

9

)LJ� �� �� 0HDVXUHPHQW ]RQHV IRU ZKLWH VKDGLQJ�
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��

7KH PHDVXUHPHQWV RI &RQGLWLRQ $ DUH WKHQ UHSHDWHG�

2Q WKH EDVLV RI WKHVH PHDVXUHPHQWV� WKH GLIIHUHQFHV 5��*� 5��% DQG %��* DUH FDOFXODWHG DQG WKH PD[LPXP
SHDN��WR��SHDN YDULDWLRQV DUH UHFRUGHG IRU HDFK ]RQH�

���� 3UHVHQWDWLRQ RI UHVXOWV

)RU WKH WZR VHWV RI FRQGLWLRQV $ DQG %� WKH UHVXOWV DUH UHFRUGHG LQ D WDEOH JLYLQJ WKH DPRXQW RI QRQ��
XQLIRUPLW\ DV D SHUFHQWDJH RI WKH QRPLQDO VLJQDO OHYHO� 7KH IROORZLQJ SUHVHQWDWLRQ LV UHFRPPHQGHG�

:KLWH VKDGLQJ �QRQ��XQLIRUPLW\�

)RFDO OHQJWK� 1RUPDO RSHUDWLQJ FRQGLWLRQV
,ULV� )XOO\ RSHQ

6LJQDO =RQH $ =RQH %
5 [[� [[�
* [[� [[�
% [[� [[�
5��* [[� [[�
%��* [[� [[�
5��% [[� [[�

)RFDO OHQJWK� :LGH DQJOH �RU ZRUVW FRQGLWLRQV�
,ULV� )XOO\ RSHQ

6LJQDO =RQH $ =RQH %
5 [[� [[�
* [[� [[�
% [[� [[�
5��* [[� [[�
%��* [[� [[�
5��% [[� [[�



W H F K ���� (%8 �� 0HDVXUHPHQWV RQ &&' FDPHUDV

��

��� %ODFN VKDGLQJ RU EODFN OHYHO QRQ��XQLIRUPLW\

����� 'HILQLWLRQ

%ODFN VKDGLQJ RU QRQ��XQLIRUPLW\ LV PHDVXUHG DV WKH PD[LPXP H[WHQW RI YDULDWLRQV RI WKH EODFN OHYHO� LQ
GLIIHUHQW DUHDV RI WKH SLFWXUH� ZKHQ WKH FDPHUD LV UHFHLYLQJ QR OXPLQRXV VWLPXODWLRQ�

����� (TXLSPHQW XVHG

0HDVXULQJ HTXLSPHQW

�� 2VFLOORVFRSH�

�� 9LGHR DPSOLILHU�

����� 0HDVXUHPHQW FRQGLWLRQV

7KH FDPHUD DQG OHQV VHWWLQJV VKRXOG EH DV VKRZQ LQ WKH WDEOH EHORZ�

&RQWURO %DVLF
VHWWLQJ

*DLQ � G%

)ODUH FRUUHFWRU 21

%ODFN EDODQFH ZLWK OHQV FDSSHG �� P9

:KLWH EDODQFH ��� P9

&RORXU FRUUHFWRU 21

$SHUWXUH�FRQWRXU FRUUHFWRU 21

1RLVH UHGXFHU �´FRULQJµ� 2))

%ODFN DQG ZKLWH VKDGLQJ FRUUHFWRUV 21 DQG RSWLPL]HG

*DPPD FRUUHFWRU 21 DQG FDOLEUDWHG

'\QDPLF NQHH FRUUHFWRU 21

([SRVXUH WLPH QRPLQDO YDOXH � �� PV�

:KLWH FOLSSHU ��

3HGHVWDO �� P9

,ULV �����LQFK &&' LPDJH IRUPDW
�����LQFK &&' LPDJH IRUPDW

��
��

=RRP IRFDO OHQJWK ��

����� 0HDVXUHPHQW SURFHGXUH

7KH FDPHUD OHQV LV FDSSHG�

0HDVXUHPHQWV DUH PDGH RQ WKH 5*% RXWSXW VLJQDOV IURP WKH FDPHUD DQG WKH GLVWRUWLRQV DUH UHFRUGHG IRU
WKH WZR SLFWXUH ]RQHV GHILQHG LQ )LJ� ���

2Q WKH EDVLV RI WKHVH PHDVXUHPHQWV� WKH GLIIHUHQFHV 5��*� 5��% DQG %��* DUH FDOFXODWHG DQG WKH PD[LPXP
SHDN��WR��SHDN YDULDWLRQV DUH UHFRUGHG IRU HDFK ]RQH�



W H F K ����(%8 �� 0HDVXUHPHQWV RQ &&' FDPHUDV

��

����� 3UHVHQWDWLRQ RI UHVXOWV

7KH UHVXOWV DUH UHFRUGHG LQ D WDEOH JLYLQJ WKH DPRXQW RI QRQ��XQLIRUPLW\ DV D SHUFHQWDJH RI WKH QRPLQDO
VLJQDO OHYHO� 7KH IROORZLQJ SUHVHQWDWLRQ LV UHFRPPHQGHG�

%ODFN VKDGLQJ �QRQ��XQLIRUPLW\�

6LJQDO =RQH $ =RQH %
5 [[� [[�
* [[� [[�
% [[� [[�
5��* [[� [[�
%��* [[� [[�
5��% [[� [[�
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��

��� 6WUHDNLQJ

����� 'HILQLWLRQ

6WUHDNLQJ LV PHDVXUHG DV WKH GLVWXUEDQFH FDXVHG E\ ZKLWH SDWFKHV RQ D EODFN EDFNJURXQG WR WKH YLGHR OHYHO
FRUUHVSRQGLQJ WR WKH DGMDFHQW EODFN DUHDV�

7KLV GLVWXUEDQFH DSSHDUV WR WKH ULJKW RI� DQG EHORZ� WKH ZKLWH DUHDV�

����� (TXLSPHQW

7HVW FKDUW

,W LV SUHIHUDEOH WR XVH D WUDQVSDUHQW WHVW FKDUW VKRZLQJ� RQ D EODFN EDFNJURXQG� D VHULHV RI KRUL]RQWDO
�ZKLWH� EDUV RI GLIIHULQJ OHQJWKV� $Q H[DPSOH RI D VXLWDEOH FKDUW LV VKRZQ LQ )LJ� ���

)LJ� �� �� 7HVW FKDUW IRU PHDVXUHPHQW RI VWUHDNLQJ�

0HDVXULQJ HTXLSPHQW

�� 9LGHR OHYHO PHWHU�

�� 0RQRFKURPH PRQLWRU�

�� 2VFLOORVFRSH�

�� ��� N+] ORZ��SDVV ILOWHU�

����� 0HDVXUHPHQW FRQGLWLRQV

7KH FDPHUD DQG OHQV VHWWLQJV VKRXOG EH DV VKRZQ RQ SDJH ���

7KH WHVW FKDUW LOOXPLQDWLRQ PXVW EH DGMXVWHG VR WKDW WKH ZKLWH EDUV JLYH D VLJQDO RI ���� ZLWK DQ DYHUDJH
LULV VHWWLQJ�
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��

&RQWURO %DVLF
VHWWLQJ

*DLQ � G%

)ODUH FRUUHFWRU 21

%ODFN EDODQFH ZLWK OHQV FDSSHG �� P9

:KLWH EDODQFH ��� P9

&RORXU FRUUHFWRU 21

$SHUWXUH�FRQWRXU FRUUHFWRU 2))

1RLVH UHGXFHU �´FRULQJµ� 2))

%ODFN DQG ZKLWH VKDGLQJ FRUUHFWRUV 21 DQG RSWLPL]HG

*DPPD FRUUHFWRU 21 DQG FDOLEUDWHG

'\QDPLF NQHH FRUUHFWRU 2))

([SRVXUH WLPH QRPLQDO YDOXH � �� PV�

:KLWH FOLSSHU ��

3HGHVWDO �� P9

,ULV �����LQFK &&' LPDJH IRUPDW
�����LQFK &&' LPDJH IRUPDW

PLG��UDQJH
PLG��UDQJH

=RRP IRFDO OHQJWK ��

����� 0HDVXUHPHQW SURFHGXUH

7KH WHOHYLVLRQ OLQHV ZKLFK VFDQ WKURXJK WKH KRUL]RQWDO ZKLWH EDUV RI WKH WHVW FKDUW DUH GLVSOD\HG RQ WKH
RVFLOORVFRSH� 0HDVXUHPHQWV DUH PDGH DW WKH 5*% RXWSXWV �RU OXPLQDQFH < LI 5*% DUH QRW DYDLODEOH��

7KH ILUVW PLFURVHFRQG IROORZLQJ WKH WUDQVLWLRQ IURP ZKLWH WR EODFN LV LJQRUHG�

7KH PHDVXUHPHQW LV UHSHDWHG DW YDULRXV SRLQWV� WDNLQJ DFFRXQW RI WKH QDWXUH RI WKH VWUHDNLQJ REVHUYHG RQ D
FRQWURO PRQLWRU�

&DUH PXVW EH WDNHQ WR DYRLG WKH HIIHFW RI IODUH IURP WKH ZKLWH EDU�

1RWH� ,Q RUGHU WR GLVWLQJXLVK WKH HIIHFWV RI IODUH �VHH 6HFWLRQ ���� IURP WKH HIIHFWV RI VWUHDNLQJ� D GLIIHUHQWLDO
PHDVXUHPHQW PD\ EH PDGH WDNLQJ DV UHIHUHQFH RQH RI WKH OLQHV ZKLFK GR QRW FURVV WKH ZKLWH EDUV �WKHVH OLQHV ZLOO
EH DIIHFWHG E\ IODUH RQO\��

����� 3UHVHQWDWLRQ RI UHVXOWV

7KH ZRUVW YDOXH RI SHDN GHYLDWLRQ RI WKH EODFN OHYHO LQ WKH VWUHDN� FRPSDUHG ZLWK DQ DGMDFHQW EODFN DUHD
ZKLFK LV XQDIIHFWHG E\ WKH VWUHDN� VKRXOG EH UHFRUGHG� 7KH UHVXOW LV JLYHQ DV D SHUFHQWDJH RI WKH QRPLQDO DPSOL�
WXGH ���� P9���8��

7KH IROORZLQJ SUHVHQWDWLRQ LV UHFRPPHQGHG�

6WUHDNLQJ

6WUHDNLQJ [[�
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��

��� )ODUH

����� 'HILQLWLRQ

)ODUH �YHLOLQJ JODUH� LV GHILQHG DV WKH UDWLR RI WKH LOOXPLQDQFH LQ WKH LPDJH RI D EODFN DUHD DQG WKH
LOOXPDQFH LQ D VXUURXQGLQJ EULJKW ILHOG�

������� &RQVLGHUDWLRQV RQ WKH FDXVHV DQG PHDVXUHPHQW RI IODUH

)ODUH LV FDXVHG E\ WKH GLIIXVLRQ RI OLJKW LQ WKH RSWLFDO SDWK �]RRP OHQV� GLFKURLF EHDP VSOLWWHU� DQG LQVLGH
WKH &&' LWVHOI� ,W LPSDLUV WKH SLFWXUH� HLWKHU E\ WKURZLQJ D XQLIRUP ZKLWH YHLO RYHU WKH SLFWXUH �YHLOLQJ JODUH�� RU
E\ EOXUULQJ WUDQVLWLRQV�

,W LV HVVHQWLDO WKDW D GLVWLQFWLRQ EH PDGH EHWZHHQ WKHVH WZR HIIHFWV�

)ODUH LV PHDVXUHG E\ GHWHUPLQLQJ WKH YDULDWLRQV RI WKH EODFN OHYHO DV FRPSDUHG WR LWV QRPLQDO OHYHO� )ODUH
GHSHQGV RQ WKH DYHUDJH SLFWXUH OHYHO �$3/� �DV VKRZQ LQ )LJ� ���� VR WKHVH YDULDWLRQV VKRXOG EH GHWHUPLQHG ZKHQ
WKH $3/ YDULHV EHWZHHQ �� WR ��� RQ WKH RQH KDQG� DQG IURP �� WR ��� RQ WKH RWKHU KDQG�

� �� ���

�

)
OD
UH

)LJ� �� �� 9DULDWLRQ RI IODUH DV D IXQFWLRQ RI WKH DYHUDJH SLFWXUH OHYHO �$3/��

$YHUDJH SLFWXUH OHYHO

�

����� (TXLSPHQW XVHG

7HVW FKDUWV

6HYHUDO VSHFLDO WHVW FKDUWV FDQ EH XVHG�

D� 7R PHDVXUH RYHUDOO IODUH� WKH DSSURSULDWH WHVW FKDUW KDV LQ LWV FHQWUH D EODFN UHFWDQJOH RI IRUPDW ���� 7KLV
UHFWDQJOH LV VXUURXQGHG E\ D ZKLWH ]RQH RI HTXDO DUHD� WKXV JLYLQJ DQ $3/ RI ����

$Q H[DPSOH RI VXFK D WHVW FKDUW LV VKRZQ LQ )LJ� ���

E� 7R PHDVXUH ORFDOL]HG IODUH� WKH DSSURSULDWH WHVW FKDUW KDV D FHQWUDO EODFN UHFWDQJOH RI IRUPDW ��� VXU�
URXQGHG E\ D ZKLWH ]RQH RI DQ DUHD VXIILFLHQW WR JLYH DQ $3/ RI ����

$Q H[DPSOH RI VXFK D WHVW FKDUW LV VKRZQ LQ )LJ� ���

0HDVXULQJ HTXLSPHQW

�� 2VFLOORVFRSH�

�� 9LGHR DPSOLWXGH PHWHU�
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��

1RWHV� 7KH ZLGWK RI WKH EODFN DUHD LV ��� WLPHV WKH ZLGWK RI WKH LPDJH�
7KH KHLJKW RI WKH EODFN DUHD LV ��� WLPHV WKH KHLJKW RI WKH LPDJH�

1RWHV� 7KH ZLGWK RI WKH EODFN DUHD LV ����� WLPHV WKH ZLGWK RI WKH LPDJH�
7KH KHLJKW RI WKH EODFN DUHD LV ����� WLPHV WKH KHLJKW RI WKH LPDJH�

)LJ� �� �� 2YHUDOO IODUH PHDVXUHPHQW�

)LJ� �� �� /RFDOL]HG IODUH PHDVXUHPHQW�

����� 0HDVXUHPHQW FRQGLWLRQV

7KH FDPHUD DQG OHQV VHWWLQJV VKRXOG EH DV VKRZQ RQ SDJH ���

7KH WHVW FKDUW LOOXPLQDWLRQ LV DGMXVWHG VR WKDW D ZKLWH OHYHO RI ���� LV REWDLQHG ZLWK WKH LULV DSHUWXUH
LQGLFDWHG�
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��

&RQWURO %DVLF
VHWWLQJ

*DLQ � G%

)ODUH FRUUHFWRU 21

%ODFN EDODQFH ZLWK OHQV FDSSHG �� P9

:KLWH EDODQFH ��� P9

&RORXU FRUUHFWRU 21

$SHUWXUH�FRQWRXU FRUUHFWRU 2))

1RLVH UHGXFHU �´FRULQJµ� 2))

%ODFN DQG ZKLWH VKDGLQJ FRUUHFWRUV 21 DQG RSWLPL]HG

*DPPD FRUUHFWRU 21 DQG FDOLEUDWHG

'\QDPLF NQHH FRUUHFWRU 2))

([SRVXUH WLPH QRPLQDO YDOXH � �� PV�

:KLWH FOLSSHU ��

3HGHVWDO �� P9

,ULV �����LQFK &&' LPDJH IRUPDW
�����LQFK &&' LPDJH IRUPDW

I��
I����

=RRP IRFDO OHQJWK ��

����� 0HDVXUHPHQW SURFHGXUH

7KH IRFDO OHQJWK DQG DSHUWXUH RI WKH OHQV DUH QRW FKDQJHG GXULQJ WKH PHDVXUHPHQWV�

7KH FDPHUD LV FHQWUHG RQ WKH WHVW FKDUW ZLWK DQ $3/ RI ���� 7KH FKDQJH LQ EODFN OHYHO� DW WKH FHQWUH RI WKH
LPDJH� LV WKHQ PHDVXUHG IRU HDFK RI WKH 5*% FKDQQHOV�

7KH WHVW FKDUW ZLWK DQ $3/ RI ��� LV WKHQ UHSODFHG E\ WKH WHVW FKDUW ZLWK DQ $3/ RI ��� DQG WKH FKDQJH
LQ EODFN OHYHO� DW WKH FHQWUH RI WKH LPDJH� LV PHDVXUHG IRU HDFK RI WKH 5*% FKDQQHOV�

7KH PHDVXUHPHQWV DUH UHSHDWHG IRU WKH FRUQHUV RI WKH LPDJH XVLQJ WKH WHVW FKDUW ZLWK DQ $3/ RI ���� WKH
WKH EODFN VTXDUH LV SODFHG LQ D SRVLWLRQ ��� IURP WKH KRUL]RQWDO VLGH DQG ��� IURP WKH YHUWLFDO VLGH RI WKH FKDUW�

����� 3UHVHQWDWLRQ RI UHVXOWV

7KH UHVXOWV DUH H[SUHVVHG DV SHUFHQWDJHV RI WKH QRPLQDO OHYHO� ���� P9���8��

7KH IROORZLQJ SUHVHQWDWLRQ LV UHFRPPHQGHG�

)ODUH

6LJQDO
5 [[�
* [[�
% [[�
5��* [[�
%��* [[�

&RQGLWLRQV�
*DPPD� ����
)RFDO OHQJWK� � � � � � �
,ULV DSHUWXUH� � � � � � �
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��

��� 7UDQVIHU ODZ RU JDPPD FRUUHFWLRQ

����� 'HILQLWLRQ

7KH PHDVXUHG WUDQVIHU ODZ LV WKH RSWR��HOHFWULFDO WUDQVIHU FXUYH RI WKH FDPHUD�

����� (TXLSPHQW XVHG

7HVW FKDUWV

7KH WUDQVIHU FXUYH LV PHDVXUHG XVLQJ HLWKHU D VHW RI QHXWUDO JORVV\ VDPSOHV ZLWK UHIOHFWDQFH IDFWRUV RI�

���� ���� �� ���� �� ���� �� ���� �� ���� �� ���� �� ���� �� ���� �� ���� �� ���� ��� ��� ��� ��� ��� ��� ��� ��� �� ��

RU VHW RI WUDQVSDUHQW QHXWUDO GHQVLW\ ILOWHUV�

0HDVXULQJ HTXLSPHQW

�� /LJKW ER[ ZLWK ��� LOOXPLQDWLRQ� $ VDPSOH SUHVHQWDWLRQ HTXLSPHQW RI WKH NLQG XVHG IRU
FRORULPHWULF ILGHOLW\ PHDVXUHPHQWV DFFRUGLQJ WR WKH ´UHDO VDPSOHVµ PHWKRG LV UHFRPPHQGHG
�VHH (%8 GRFXPHQW 7HFK� ���� >�@��

�� 2VFLOORVFRSH�

�� 9LGHR DPSOLWXGH PHWHU�

����� 0HDVXUHPHQW FRQGLWLRQV

7KH FDPHUD DQG OHQV VHWWLQJV VKRXOG EH DV IROORZV�

&RQWURO %DVLF
VHWWLQJ

*DLQ � G%

)ODUH FRUUHFWRU 21

%ODFN EDODQFH ZLWK OHQV FDSSHG �� P9

:KLWH EDODQFH ��� P9

&RORXU FRUUHFWRU 21

$SHUWXUH�FRQWRXU FRUUHFWRU 21

1RLVH UHGXFHU �´FRULQJµ� 2))

%ODFN DQG ZKLWH VKDGLQJ FRUUHFWRUV 21 DQG RSWLPL]HG

*DPPD FRUUHFWRU 21 DQG FDOLEUDWHG

'\QDPLF NQHH FRUUHFWRU 2))

([SRVXUH WLPH QRPLQDO YDOXH � �� PV�

:KLWH FOLSSHU ��

3HGHVWDO ��

,ULV �����LQFK &&' LPDJH IRUPDW
�����LQFK &&' LPDJH IRUPDW

��
��

=RRP IRFDO OHQJWK ��
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��

����� 0HDVXUHPHQW SURFHGXUH

7KH SURFHGXUH LV GHVFULEHG IRU PHDVXUHPHQWV XVLQJ D VHW RI UHIOHFWLYH VDPSOHV� KRZHYHU� WKH VDPH PHD�
VXUHPHQWV FDQ EH PDGH ZLWK D VHW RI WUDQVSDUHQW QHXWUDO GHQVLW\ ILOWHUV�

7KH SURFHGXUH LV LQ WZR SDUWV�

D� 'HWHUPLQDWLRQ RI WKH VORSH RI WKH ILUVW VHJPHQW RI WUDQVIHU ODZ �LQLWLDO JDLQ�

7KH JUHHQ FKDQQHO RI WKH FDPHUD LV FRQVLGHUHG ILUVW� 7KH FDPHUD LV IRFXVVHG RQ WKH VDPSOH ZLWK D UHIOHF�
WDQFH IDFWRU RI ��� DQG WKH RXWSXW VLJQDO RI WKH JUHHQ FKDQQHO LV DGMXVWHG WR ��� P9 �LULV VHWWLQJ��

7KH FDPHUD LV WKHQ GLUHFWHG DW WKH VDPSOH ZLWK D ��� UHIOHFWDQFH IDFWRU DQG WKH JDPPD FRUUHFWRU LV VHW VR
WKDW WKH OHYHO LQ WKH JUHHQ FKDQQHO LV ��� P9�

1RWH� )RU WKH JDPPD FRUUHFWRU� WKH RXWSXW YLGHR VLJQDO YHUVXV LQSXW YLGHR VLJQDO FDQ EH GHULYHG DV IROORZV�

9RXW 
 Æ9LQ

���
É���� � ���

7KH FDPHUD LV WKHQ GLUHFWHG DW WKH VDPSOH ZLWK D UHIOHFWDQFH IDFWRU RI ���� DQG WKH EODFN OHYHO LV DGMXVWHG
VR WKDW WKH JUHHQ FKDQQHO YROWDJH LV �� P9�

7KH WKUHH VHWWLQJV DUH UHSHDWHG WR REWDLQ D EHWWHU SUHFLVLRQ�

)RU HDFK VDPSOH ZLWK UHIOHFWDQFH IDFWRUV RI �� WR ��� WKH YDOXHV RI WKH JUHHQ FKDQQHO RXWSXW VLJQDO DUH
UHFRUGHG� 7KHQ WKH DULWKPHWLF DYHUDJH RI WKH GLIIHUHQFHV LQ OHYHOV LV FDOFXODWHG� VWDUWLQJ ZLWK WKH YDOXH IRU WKH
VDPSOH ZLWK UHIOHFWDQFH IDFWRU RI �����

$Q LQFUHPHQW RI ���� LQ WKH UHIOHFWDQFH IDFWRU JLYHV DQ LQFUHPHQW RI ���� P9 LQ WKH RXWSXW VLJQDO� IRU D
OLQHDU UHVSRQVH� 7KH VORSH �RU JDLQ� RI WKH ILUVW VHJPHQW RI WKH WUDQVIHU ODZ LV REWDLQHG E\ GLYLGLQJ WKH FDOFXODWHG
DYHUDJH YDOXH E\ ���� P9�

([DPSOHV�

,I JDLQ  � WKHQ JUHHQ RXWSXW  ���� P9 [ �  ���� P9

JDLQ  � WKHQ JUHHQ RXWSXW  ���� P9 [ �  ���� P9

JDLQ  � WKHQ JUHHQ RXWSXW  ���� P9 [ �  ���� P9

E� 'HWHUPLQDWLRQ RI WKH WUDQVIHU ODZ

7KH FDPHUD LV IRFXVVHG RQ WKH VDPSOH ZLWK D ��� UHIOHFWDQFH IDFWRU DQG WKH RXWSXW OHYHO RI WKH JUHHQ
FKDQQHO LV VHW DW ��� P9 �LULV VHWWLQJ��

7KH SURFHGXUH LV UHSHDWHG IRU WKH VDPSOH ZLWK D ��� UHIOHFWDQFH IDFWRU DQG WKH RXWSXW OHYHO RI WKH JUHHQ
FKDQQHO LV VHW WR ��� P9 �JDPPD VHWWLQJ��

7KHQ WKH SHGHVWDO YDOXH LV WKHQ FKHFNHG�

7KHVH RSHUDWLRQV DUH UHSHDWHG WR FKHFN WKDW WKH YDOXHV KDYH QRW EHHQ DIIHFWHG E\ WKH VXFFHVVLYH DGMXVW�
PHQWV�

7KH RXWSXW OHYHO RI WKH JUHHQ FKDQQHO LV PHDVXUHG IRU DOO VDPSOHV IURP ��� WR ��� UHIOHFWDQFH� 7KH YDOXHV
REWDLQHG DUH WKHQ XVHG WR SORW WKH WUDQVIHU ODZ SRLQW E\ SRLQW�

7KH VDPH SURFHGXUH LV UHSHDWHG IRU WKH UHG DQG EOXH FKDQQHOV�
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��

����� 3UHVHQWDWLRQ RI UHVXOWV

7KH WKUHH VHWV RI UHVXOWV DUH SORWWHG RQ WKH VDPH JUDSK VR WKDW DQ\ WUDQVIHU ODZ GLIIHUHQFHV FDQ EH KLJK�
OLJKWHG� 7KH RULJLQDO JDLQ YDOXH PXVW EH LQGLFDWHG

7KH IROORZLQJ SUHVHQWDWLRQ LV UHFRPPHQGHG�

7UDQVIHU ODZ �JDPPD FRUUHFWLRQ�

&RQGLWLRQV�
,QLWLDO JDLQ� � � � � � �

([DPSOHV RI WKH RYHUDOO JDPPD FXUYH DQG GHWDLOV RI WKH OLQHDU SRUWLRQ DUH VKRZQ LQ )LJ� �� DQG )LJ� ��
UHVSHFWLYHO\�
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FDOFXODWHG FXUYH IRU JDPPD  ����

 UHG

JUHHQ
R EOXH

)LJ� �� �� ([DPSOH RI D WUDQVIHU �JDPPD� FXUYH� )LJ� �� �� ([DPSOH RI WKH OLQHDU SDUW RI D WUDQVIHU

�JDPPD� FXUYH�

FDOFXODWHG FXUYH IRU JDPPD  ����
´EHVW ILWµ FXUYH WKURXJK PHDVXUHG YDOXHV� IRU 5*%



W H F K ���� (%8 �� 0HDVXUHPHQWV RQ &&' FDPHUDV

��

��� 6PHDULQJ

����� 'HILQLWLRQ

6PHDULQJ LV WKH SUHVHQFH RI D YHUWLFDO EDU LQ WKH SLFWXUH� UHODWHG WR WKH SUHVHQFH RI DQ RYHU��LOOXPLQDWHG
SDUW RI WKH VFHQH�

������� &RQVLGHUDWLRQV RQ VPHDULQJ DQG LWV PHDVXUHPHQW

$ FRQWLQXHG EXLOG��XS RI SKRWRFKDUJH FDQ RFFXU GXULQJ WKH WLPH LW WDNHV WR VKLIW RXW WKH LQWHJUDWHG FKDUJH
IURP D &&' VHQVRU� 7KLV LV GXH WR WKH UHODWLYH SKRWRVHQVLWLYLW\ RI YHUWLFDO &&' UHJLVWHUV LQ DQ LQWHUOLQH WUDQVIHU
VWUXFWXUH� DQG WR IXUWKHU LQWHJUDWLRQ RI FKDUJHV GXULQJ WUDQVIHU� LQ D IUDPH WUDQVIHU VWUXFWXUH�

7KH HIIHFW RQ WKH LPDJH LV D YHUWLFDO EDU DERYH DQG EHQHDWK DQ RYHU��LOOXPLQDWHG DUHD� DV LOOXVWUDWHG LQ
)LJ� ���

6LJQDO

6PHDU

)LJ� �� �� ,OOXVWUDWLRQ RI VPHDULQJ�

6PHDULQJ DQG LV PHDVXUHG E\ LQVHUWLQJ GLVFUHWH DWWHQXDWLRQ VWHSV LQ WKH RSWLFDO SDWK RI WKH FDPHUD�

����� (TXLSPHQW XVHG

7HVW FKDUW

$ WHVW FKDUW LOOXPLQDWHG IURP WKH UHDU� DV VKRZQ LQ )LJ� ��� LV UHFRPPHQGHG� 7KLV WHVW FKDUW KDV D VTXDUH
RSHQLQJ RQ D EODFN EDFNJURXQG� WKH GLPHQVLRQV RI WKH RSHQLQJ DUH ���� RI WKH KHLJKW RI WKH SLFWXUH� DQG LW LV
SODFHG ���� + EHORZ WKH WRS HGJH RI WKH WHVW FKDUW�

7KH SRVLWLRQ RI WKH VTXDUH RSHQLQJ KDV QRW EHHQ FKRVHQ DW WKH FHQWUH RI WKH SDWWHUQ LQ RUGHU WR PLQLPL]H
OHQV UHODWHG IODUH SKHQRPHQRQ�

0HDVXULQJ HTXLSPHQW

�� 9LGHR DPSOLWXGH PHWHU�

�� 0RQRFKURPH PRQLWRU�

�� ��� N+] RU � 0+] ORZ��SDVV ILOWHU�
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��

)LJ� �� �� 7HVW FKDUW IRU WKH PHDVXUHPHQW RI VPHDULQJ�

)URQW RI
WHVW FKDUW

$SHUWXUH

'LIIXVHG
OLJKW

����� 0HDVXUHPHQW FRQGLWLRQV

7ZR VHWV RI FRQGLWLRQV DUH UHFRPPHQGHG� DV VKRZQ LQ WKH WDEOH EHORZ�

&RQWURO 6HWWLQJ IRU
&RQGLWLRQ $

6HWWLQJ IRU
&RQGLWLRQ %

*DLQ � G%

)ODUH FRUUHFWRU 21

%ODFN EDODQFH ZLWK OHQV FDSSHG �� P9

:KLWH EDODQFH ��� P9

&RORXU FRUUHFWRU 2)) 21

$SHUWXUH �FRQWRXU FRUUHFWRU 21

1RLVH UHGXFHU �´FRULQJµ� 2))

%ODFN DQG ZKLWH VKDGLQJ FRUUHFWRUV 21 DQG RSWLPL]HG

*DPPD FRUUHFWRU 21 DQG FDOLEUDWHG

'\QDPLF NQHH FRUUHFWRU 2)) 2)) �1RWH�

([SRVXUH WLPH VKXWWHU 2)) QRPLQDO YDOXH � �� PV�

:KLWH FOLSSHU ��

3HGHVWDO �� P9

,ULV �����LQFK &&' LPDJH IRUPDW
�����LQFK &&' LPDJH IRUPDW

6HH 6HFWLRQ �����
6HH 6HFWLRQ �����

=RRP IRFDO OHQJWK ��

1RWH� ,I WKH NQHH FRUUHFWRU LV 21� VPHDU ZLOO SUREDEO\ RFFXU DERXW ��� I��VWRSV HDUOLHU��
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��

����� 0HDVXUHPHQW SURFHGXUH

7KH FDPHUD LV IRFXVVHG RQ WKH WHVW FKDUW� WKH ZLQGRZ RI ZKLFK LV HYHQO\ LOOXPLQDWHG WKURXJK D GLIIXVHU�

7KH LULV DSHUWXUH LV LQLWLDOO\ VHW DW LWV ORZHVW YDOXH� I��� RU I��� DQG DQ\ QHXWUDO ILOWHU �ILOWHUV LQVLGH WKH
FDPHUD RU DGGLWLRQDO ILOWHUV� DUH LQVHUWHG LQ WKH RSWLFDO SDWK RI WKH FDPHUD� 7KH LOOXPLQDWLRQ LV DGMXVWHG VR WKDW�
ZLWK PD[LPXP DWWHQXDWLRQ� WKH YLGHR OHYHO DW WKH 5*% RXWSXWV LV HTXDO WR ��� P9

7KH PHDVXUHPHQW LV ILUVW PDGH LQ WKH ORZ��SDVV ILOWHUHG UHG FKDQQHO WR ZKLFK D PRQRFKURPH PRQLWRU� DQ
RVFLOORVFRSH DQG D YLGHR DPSOLWXGH PHWHU DUH FRQQHFWHG�

7KH RVFLOORVFRSH LV VZLWFKHG WR ´OLQH IUHTXHQF\µ PRGH DQG WKH UHDGLQJ LV WDNHQ RQ WKH ODVW OLQH RI WKH
UDVWHU�

1RWH� ,W PD\ EH HDVLHU WR PHDVXUH WKH VPHDU LI WKH LQWHJUDWLRQ WLPH LV UHGXFHG�

7KH ILOWHUV DUH JUDGXDOO\ UHPRYHG DQG WKH LULV DSHUWXUH LV DGMXVWHG� RQH VHWWLQJ DW D WLPH� XQWLO VPHDULQJ
EHJLQV WR DSSHDU RQ WKH PRQLWRU �WKH PRQLWRU VKRXOG EH SODFHG LQ WKH GDUN�� 6PHDULQJ ZLOO WDNH WKH IRUP RI D
VOLJKW VKLIW LQ EODFN OHYHO� ([SHULPHQWV VKRZ WKDW VPHDU EHFRPHV YLVLEOH ZKHQ WKH VPHDULQJ OHYHO LV DURXQG ����
RI WKH QRPLQDO YLGHR OHYHO �L�H� ��� P9��

7KH LULV DSHUWXUH YDOXH DQG SHDN YDOXH RI WKH FRUUHVSRQGLQJ VLJQDO DW WKH RYHU��LOOXPLQDWHG ZLQGRZ DUH
WKHQ UHFRUGHG�

7KH PHDVXUHPHQWV DUH UHSHDWHG LQ WKH * DQG % FKDQQHOV�

7KH OHYHO RI RYHU��LOOXPLQDWLRQ JLYLQJ ULVH WR D VPHDULQJ OHYHO RI ��� P9 LV WKHQ FDOFXODWHG�

7KLV OHYHO LV GHWHUPLQHG WDNLQJ DFFRXQW RI WKH DWWHQXDWLRQV RI WKH ILOWHUV WKDW ZHUH UHPRYHG� DV ZHOO DV WKH
QXPEHU RI DSHUWXUH VHWWLQJ FKDQJHV PDGH EHIRUH VPHDULQJ RFFXUUHG� �1RWH� D FKDQJH RI WKH LULV VHWWLQJ RI RQH
I��VWRS FRUUHVSRQGV WR D PXOWLSOLFDWLRQ RI WKH LOOXPLQDWLRQ E\ ���

7KH SURGXFW RI WKH FRUUHVSRQGLQJ JDLQV FDQ WKHQ EH XVHG WR FDOFXODWH WKH OHYHO RI RYHU��LOOXPLQDWLRQ� LQ
GHFLEHOV �G%�� FRUUHVSRQGLQJ WR WKH HPHUJHQFH RI VPHDULQJ KDYLQJ D OHYHO RI ��� P9�

����� 3UHVHQWDWLRQ RI UHVXOWV

7KH IROORZLQJ SUHVHQWDWLRQ LV UHFRPPHQGHG�

6PHDULQJ

5 * %
$WWHQXDWLRQ RI ILOWHUV UHPRYHG� [[ [[ [[
1XPEHU RI LULV VWRSV� [[ [[ [[
3RVVLEOH RYHU��LOOXPLQDWLRQ
IRU VPHDULQJ RI ��� P9 [[ [[ [[

,I WKH EHJLQQLQJ RI VPHDULQJ YLVLELOLW\ FRUUHVSRQGV WR D YDOXH RWKHU WKDQ ���� RI WKH QRPLQDO VLJQDO� WKLV
YDOXH PXVW EH LQGLFDWHG�
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��

��� 2YHU��H[SRVXUH KHDGURRP

����� 'HILQLWLRQ

7KH RYHU��H[SRVXUH KHDGURRP LV WKH LQFUHDVH LQ H[SRVXUH ZKLFK LV SRVVLEOH ZLWKRXW DQ\ VLJQLILFDQW FKDQJH
LQ WKH RXWSXW YLGHR VLJQDO EHLQJ REVHUYHG�

������� &RQVLGHUDWLRQV RQ WKH FRQFHSW RI RYHU��H[SRVXUH KHDGURRP

)LJ� �� VKRZV WKH WUDQVIHU FKDUDFWHULVWLF RI D &&'� 7KH SDUW RI WKH FXUYH FORVH WR VDWXUDWLRQ LV VRPHWLPHV
FDOOHG ´VWDWLF NQHHµ� ,W LV VHHQ WKDW WKH G\QDPLF UDQJH RI D FDPHUD LV OHVV WKDQ WKH LQWULQVLF G\QDPLF UDQJH RI WKH
&&' LPDJH VHQVRU LWVHOI�

(OHFWURQLF FLUFXLWV LQ WKH FDPHUD DOORZ D KLJKHU G\QDPLF UDQJH WR EH REWDLQHG EHIRUH VDWXUDWLRQ RI WKH
&&'� DQ LQFUHDVH RI VRPH �� G% PD\ EH SRVVLEOH�

G%

2
X
WS
X
W

,OOXPLQDWLRQ

��

��

6DWXUDWLRQ RI &&'

1RPLQDO OHYHO

7HPSRUDO QRLVH �
IL[HG��SDWWHUQ QRLVH

2YHU��H[SRVXUH
KHDGURRP  �� G%

)LJ� �� �� ,OOXVWUDWLRQ RI RYHU��H[SRVXUH KHDGURRP�

����� (TXLSPHQW XVHG

7HVW FKDUW

(,$ JUH\ VFDOH FKDUW �VHH )LJ� ���

0HDVXULQJ HTXLSPHQW

�� 9LGHR RVFLOORVFRSH�

�� &RORXU PRQLWRU�

����� 0HDVXUHPHQW FRQGLWLRQV

0HDVXUHPHQWV DUH WDNHQ LQ WZR VHWV RI FRQGLWLRQV� VKRZQ LQ WKH WDEOH RQ SDJH ���
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&RQWURO 6HWWLQJ IRU
&RQGLWLRQ $

6HWWLQJ IRU
&RQGLWLRQ %

*DLQ � G%

)ODUH FRUUHFWRU 21

%ODFN EDODQFH ZLWK OHQV FDSSHG �� P9

:KLWH EDODQFH ��� P9

&RORXU FRUUHFWRU 21

$SHUWXUH �FRQWRXU FRUUHFWRU 21

1RLVH UHGXFHU �´FRULQJµ� 2))

%ODFN DQG ZKLWH VKDGLQJ FRUUHFWRUV 21 DQG RSWLPL]HG

*DPPD FRUUHFWRU 21 DQG FDOLEUDWHG

'\QDPLF NQHH FRUUHFWRU 2)) 21

([SRVXUH WLPH QRPLQDO YDOXH � �� PV�

:KLWH FOLSSHU 2))

3HGHVWDO ��

,ULV �����LQFK &&' LPDJH IRUPDW
�����LQFK &&' LPDJH IRUPDW

6HH 6HFWLRQ �����
6HH 6HFWLRQ �����

=RRP IRFDO OHQJWK ��

����� 0HDVXUHPHQW SURFHGXUH

0HDVXUHPHQWV DUH WDNHQ RQ WKH 5*% RU FRGHG OXPLQDQFH �<� VLJQDOV�

7KLV PHDVXUHPHQW RQO\ FRQVLGHUV WKH VWDWLF NQHH FKDUDFWHULVWLFV� 7KH SURFHGXUH LV LQ WZR SDUWV�

&RQGLWLRQ $

:LWK WKH FDPHUD GLUHFWHG DW WKH JUH\ VFDOH WHVW FKDUW� WKH LULV VHWWLQJ LV DGMXVWHG VR WKDW WKH ZKLWH OHYHO
FRUUHVSRQGV WR ��� P9� 7KH DSHUWXUH VHWWLQJ LV WKHQ QRWHG�

&RQGLWLRQ %

,Q WKLV FDVH� WKH ZKLWH OHYHO GHFUHDVHV� 7KH LULV LV RSHQHG XQWLO WKH ZKLWH OHYHO UHDFKHV ��� P9�

7KH FKDQJH RI LULV VHWWLQJV �QXPEHU RI I��VWRSV� EHWZHHQ WKH WZR SUHYLRXVO\��QRWHG VHWWLQJV JLYHV WKH RYHU��
H[SRVXUH KHDGURRP�

1RWH� ,I WKH ZKLWH EDODQFH� REVHUYHG RQ D FRORXU PRQLWRU� DOWHUV ZKHQ WKH LULV VHWWLQJ LV LQFUHDVHG� WKH SRVLWLRQ DW
ZKLFK WKH HUURU RFFXUV LV UHFRUGHG�

����� 3UHVHQWDWLRQ RI UHVXOWV

7KH IROORZLQJ SUHVHQWDWLRQ LV UHFRPPHQGHG�

2YHU��H[SRVXUH KHDGURRP

2YHU��H[SRVXUH KHDGURRP  1 [ I��VWRS  [[ G%
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��

��� %OHPLVKHV

����� 'HILQLWLRQ

3URFHVV��LQGXFHG GHIHFWV RI DOO NLQGV� ERWK LQ WKH VXUIDFH OD\HUV DQG LQ WKH VXEVWUDWH RI WKH &&' VHQVRU� FDQ
FRQWULEXWH WR UDQGRPO\ GLVWULEXWHG� VSXULRXV LPSDLUPHQWV RI WKH SLFWXUH� ZKLFK DIIHFW RQO\ D YHU\ VPDOO QXPEHU RI
SL[HOV DW D WLPH� 7KHVH LPSDLUPHQWV DUH FDOOHG ´EOHPLVKHVµ� 7KH PRVW YLVLEOH EOHPLVKHV DUH HVVHQWLDOO\ ZKLWH GRWV
RQ D EODFN EDFNJURXQG�

����� (TXLSPHQW XVHG

0HDVXULQJ HTXLSPHQW

�� 0RQRFKURPH PRQLWRU�

�� 'LJLWDO VWRUDJH RVFLOORVFRSH ZLWK DYHUDJLQJ IXQFWLRQ�

����� 0HDVXUHPHQW FRQGLWLRQV

7KH FDPHUD DQG OHQV VHWWLQJV VKRXOG EH DV VKRZQ LQ WKH WDEOH EHORZ�

&RQWURO %DVLF
VHWWLQJ

*DLQ � G%

)ODUH FRUUHFWRU 21

%ODFN EDODQFH ZLWK OHQV FDSSHG �� P9

:KLWH EDODQFH ��� P9

&RORXU FRUUHFWRU 21

$SHUWXUH�FRQWRXU FRUUHFWRU 2))

1RLVH UHGXFHU �´FRULQJµ� 2))

%ODFN DQG ZKLWH VKDGLQJ FRUUHFWRUV 21 DQG RSWLPL]HG

*DPPD FRUUHFWRU 21 DQG FDOLEUDWHG

'\QDPLF NQHH FRUUHFWRU 21

([SRVXUH WLPH QRPLQDO YDOXH � �� PV�

:KLWH FOLSSHU ��

3HGHVWDO �� P9

,ULV �����LQFK &&' LPDJH IRUPDW
�����LQFK &&' LPDJH IRUPDW

��
��

=RRP IRFDO OHQJWK ��

,W LV UHFRPPHQGHG WKDW PHDVXUHPHQWV EH UHSHDWHG XQGHU GLIIHUHQW HQYLURQPHQWDO FRQGLWLRQV�

D� 1RUPDO URRP WHPSHUDWXUH ����&��

E� $PELHQW WHPSHUDWXUH RI ���&�
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��

����� 0HDVXUHPHQW SURFHGXUH

0HDVXUHPHQWV DUH PDGH LQ WKH <� 5� *� % FKDQQHOV�

7KH FDPHUD LV PHDVXUHG DIWHU D PLQLPXP RI RQH KRXU DW WKH WHVW WHPSHUDWXUH� WR DOORZ IRU WKHUPDO VWDEL�
OL]DWLRQ �� KRXUV LV UHFRPPHQGHG�� D IXUWKHU PHDVXUHPHQW LV PDGH DIWHU � KRXUV RI RSHUDWLRQ�

)RU WKH WZR ]RQHV GHILQHG LQ )LJ� ��� WKH ZKLWH GRWV DUH REVHUYHG RQ WKH PRQRFKURPH PRQLWRU DGMXVWHG
XQGHU QRUPDO FRQGLWLRQV�

=RQH %=RQH $

)LJ� �� �� ,PDJH ]RQHV IRU WKH PHDVXUHPHQW RI EOHPLVKHV�

:KHQ D EOHPLVK LV GHWHFWHG� LW LV ORFDOL]HG XVLQJ WKH YLGHR DQDO\]HU PDUNHU DQG LWV ZLGWK DQG DPSOLWXGH
DUH PHDVXUHG� 7KH RVFLOORVFRSH VHUYHV WR GHWHUPLQH WKH QXPEHU RI SL[HOV DIIHFWHG E\ WKH EOHPLVK�

����� 3UHVHQWDWLRQ RI UHVXOWV

7KH EOHPLVKHV DUH FODVVLILHG� IRU WKH WZR ]RQHV� DFFRUGLQJ WR WKHLU DPSOLWXGH $ H[SUHVVHG DV D SHUFHQWDJH
RI WKH QRPLQDO OHYHO ���� P9�� 7KH QXPEHU RI EOHPLVKHV DUH JLYHQ LQ D WDEOH DV VKRZQ EHORZ�

%OHPLVKHV

7LPH DIWHU VWDUW��XS� KRXUV� � � � �

$PSOLWXGH UDWLRV �$ �� =RQH � =RQH �

��� � $ � � [[ [[
� � $ � � [[ [[
� � $ ��� [[ [[

$ !�� [[ [[
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��

��� ,PDJH IRUPDW

����� 'HILQLWLRQ

7KH ZLGWK�KHLJKW UDWLR RI WKH LPDJH UHSURGXFHG E\ WKH &&' VHQVRU VKRXOG EH ���� 6RPH &&' VHQVRUV GR
QRW VWULFWO\ FRQIRUP WR WKDW UDWLR EHFDXVH WKH KRUL]RQWDO RU YHUWLFDO GLPHQVLRQV RI WKH LPDJH ]RQH GLIIHU IURP WKH
VWDQGDUG GLPHQVLRQV IRU WKH �����LQFK DQG �����LQFK IRUPDWV�

����� (TXLSPHQW XVHG

7HVW FKDUWV

$ WHVW FKDUW RI WKH W\SH VKRZQ LQ )LJ� �� JLYHV D TXLFN LQGLFDWLRQ RQ WKH DFFXUDF\ RI WKH LPDJH IRUPDW�

1RWH� +  LPDJH KHLJKW�

(QODUJHPHQW RI WRS DQG ERWWRP HGJH PDUNLQJV
����� +

����� +

)LJ� �� �� 7HVW FKDUW IRU WKH PHDVXUHPHQW RI LPDJH IRUPDW�

1RPLQDO WRS �RU ERWWRP�
HGJH RI LPDJH

7KH PD[LPXP WROHUDQFHV� DV GHILQHG E\ WKH (%8� DUH�

� ���� RI WKH KHLJKW RI WKH SLFWXUH�

0HDVXULQJ HTXLSPHQW

�� 0RQRFKURPH PRQLWRU�
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��

����� 0HDVXUHPHQW FRQGLWLRQV

7KLV PHDVXUHPHQW LV QRW GHSHQGHQW RQ WKH VHWWLQJV RI WKH FDPHUD�

����� 0HDVXUHPHQW SURFHGXUH

0HDVXUHPHQWV DUH WDNHQ LQ WKH 5*% FKDQQHOV�

7KH FDPHUD LV GLUHFWHG DW WKH WHVW FKDUW VR WKDW WKH OHIW�� DQG ULJKW��KDQG PDUNHUV H[DFWO\ PDWFK WKH DFWLYH
OLQH SHULRG�

'HSHQGLQJ RQ WKH IRUPDW DFFXUDF\� WKH IROORZLQJ REVHUYDWLRQV FDQ EH VXPPDUL]HG DV VKRZQ LQ )LJ� ���

: � +  ��� : � + � ���

: � + ! ���

)LJ� �� �� ,QGLFDWLRQV JLYHQ E\ WKH WHVW FKDUW VKRZQ LQ )LJ� ���

1RWH� )RU FODULW\� WKH YHUWLFDO VFDOH RI WKH FDVWHOODWLRQV KDV EHHQ H[DJJHUDWHG LQ WKHVH GLDJUDPV�

����� 3UHVHQWDWLRQ RI UHVXOWV

7KH HUURU� H[SUHVVHG D SHUFHQWDJH RI WKH KHLJKW RI WKH SLFWXUH� LV UHFRUGHG�

7KH IROORZLQJ SUHVHQWDWLRQ LV UHFRPPHQGHG�

,PDJH IRUPDW

(UURU LQ KHLJKW RI SLFWXUH  [[�
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��

��� &RORULPHWULF ILGHOLW\ PHDVXUHPHQW
)RU FRORULPHWULF ILGHOLW\ PHDVXUHPHQWV� WKH SURFHGXUH WR EH IROORZHG LV DV GHVFULEHG LQ (%8 GRFXPHQW

7HFK� ���� >�@�
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��

%LEOLRJUDSK\
>�@ (%8 GRFXPHQW 7HFK� ���� ������� 0HWKRGV IRU PHDVXULQJ WKH FKDUDFWHULVWLFV RI WHOHYLVLRQ FDPHUDV

>�@ ,78��7 5HFRPPHQGDWLRQ -��� �IRUPHUO\ &&,5 5HFRPPHQGDWLRQ ����� 7UDQVPLVVLRQ SHUIRUPDQFH RI WHOH�
YLVLRQ FLUFXLWV GHVLJQHG IRU XVH LQ LQWHUQDWLRQDO FRQQHFWLRQV

>�@ (%8GRFXPHQW 7HFK� ���� �������0HWKRGVRI PHDVXUHPHQW RI WKH FRORULPHWULF ILGHOLW\ RI WHOHYLVLRQ FDPHUDV

(%8 GRFXPHQW 7HFK� ����� 6XSSOHPHQW � ��QG� HGLWLRQ� ������ 0HDVXUHPHQW SURFHGXUHV



W H F K ����(%8 �� 0HDVXUHPHQWV RQ &&' FDPHUDV

��

5HSURGXFWLRQ� HYHQ LQ SDUW� RI WKLV SXEOLFDWLRQ LV IRUELGGHQ

H[FHSW ZLWK WKH SULRU ZULWWHQ DXWKRULW\ RI WKH SXEOLVKHU�

(GLWHXU UHVSRQVDEOH � *�7� :DWHUV� $QFLHQQH 5RXWH ��$� &+������ *UDQG��6DFRQQH[�*HQqYH� 6XLVVH�


