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%URRNV $XWRPDWLRQ
3DUW 1XPEHU� ������ 5HY� $

7DEOH RI &RQWHQWV

�� 6DIHW\ �
6DIHW\ 6HWXS �
$XWKRUL]HG 3HUVRQQHO 2QO\ �
([SODQDWLRQ RI +D]DUGV DQG $OHUWV �

6DIHW\ 7H[W �
6DIHW\ ,FRQV �
6LJQDO :RUGV DQG &RORU �
$OHUW ([DPSOH �

*HQHUDO 6DIHW\ &RQVLGHUDWLRQV ��
0HFKDQLFDO +D]DUGV ��
(OHFWULFDO +D]DUGV ��
(UJRQRPLF +D]DUGV ��
(PHUJHQF\ 6WRS &LUFXLW �(�6WRS� ��
5HF\FOLQJ DQG +D]DUGRXV 0DWHULDOV ��

�� ,QWURGXFWLRQ WR WKH +DUGZDUH ��
6\VWHP 2YHUYLHZ ��

6\VWHP 'LDJUDP ��
6\VWHP &RPSRQHQWV ��

*XLGDQFH ���� &RQWUROOHUV ��
/RZ 9ROWDJH 3RZHU 6XSSO\ ��
5HPRWH )URQW 3DQHO� (�6WRS %R[ DQG 0DQXDO &RQWURO 3HQGDQW ��
5HPRWH ,2 0RGXOH ��
0DFKLQH 9LVLRQ 6RIWZDUH DQG &DPHUDV ��

0DFKLQH 6DIHW\ ��
9ROWDJH DQG 3RZHU &RQVLGHUDWLRQV ��
(�6WRS 6WRSSLQJ 7LPH DQG 'LVWDQFH ��
6DIHW\ =RQHV ��
6DIHW\ 6WDQGDUGV 5HIHUHQFH 0DWHULDO ��
6WDQGDUGV &RPSOLDQFH DQG $JHQF\ &HUWLILFDWLRQV ��

0RYLQJ 0DFKLQH 6DIHW\ ��
�� ,QVWDOODWLRQ ,QIRUPDWLRQ ��

+HDW 6LQNLQJ DQG 0RXQWLQJ ��
5HFRPPHQGHG 0RWRU DQG (QFRGHU :LULQJ ��

:LULQJ 2YHUYLHZ ��
0RWRU &DEOHV ��
0RWRU :LULQJ 3DWK ��
(QFRGHU &RQVLGHUDWLRQV ��
(QFRGHU &DEOHV ��
(QFRGHU :LULQJ DQG 3LQ $VVLJQPHQWV ��

�� +DUGZDUH 5HIHUHQFH ��
*XLGDQFH &RQWUROOHU $VVHPEOLHV DQG ,QWHUIDFHV





%URRNV $XWRPDWLRQ �� 6DIHW\
3DUW 1XPEHU� ������ 5HY� $ 6DIHW\ 6HWXS

�� 6DIHW\

6DIHW\ 6HWXS

%URRNV XVHV FDXWLRQ� ZDUQLQJ� DQG GDQJHU ODEHOV WR FRQYH\ FULWLFDO LQIRUPDWLRQ UHTXLUHG IRU WKH VDIH
DQG SURSHU RSHUDWLRQ



�� 6DIHW\ *XLGDQFH ���� &RQWUROOHUV
([SODQDWLRQ RI +D]DUGV DQG $OHUWV 3DUW 1XPEHU� ������ 5HY� $

([SODQDWLRQ RI +D]DUGV DQG $OHUWV

7KLV PDQXDO DQG WKLV SURGXFW XVH LQGXVWU\ VWDQGDUG KD]DUG DOHUWV WR QRWLI\ WKH XVHU RI SHUVRQDO RU
HTXLSPHQW VDIHW\ KD]DUGV� +D]DUG DOHUWV FRQWDLQ VDIHW\ WH[W� LFRQV� VLJQDO ZRUGV� DQG FRORUV�

6DIHW\ 7H[W

+D]DUG DOHUW WH[W IROORZV D VWDQGDUG� IL[HG�RUGHU� WKUHH�SDUW IRUPDW�

l ,GHQWLI\ WKH KD]DUG

l 6WDWH WKH FRQVHTXHQFHV LI WKH KD]DUG LV QRW DYRLGHG

l 6WDWH KRZ WR DYRLG WKH KD]DUG�

6DIHW\ ,FRQV
l +D]DUG DOHUWV FRQWDLQ VDIHW\ LFRQV WKDW JUDSKLFDOO\ LGHQWLI\ WKH KD]DUG�

l 7KH VDIHW\ LFRQV LQ WKLV PDQXDO FRQIRUP WR ,62 ���� DQG $16, =��� VWDQGDUGV�

6LJQDO :RUGV DQG &RORU

6LJQDO ZRUGV LQIRUP RI WKH OHYHO RI KD]DUG�

'DQJHU LQGLFDWHV D KD]DUGRXV VLWXDWLRQ ZKLFK� LI QRW DYRLGHG� ZLOO UHVXOW
LQ VHULRXV LQMXU\ RU GHDWK�

7KH 'DQJHU VLJQDO ZRUG LV



%URRNV $XWRPDWLRQ �� 6DIHW\
3DUW 1XPEHU� ������ 5HY�



�� 6DIHW\ *XLGDQFH ���� &RQWUROOHUV
*HQHUDO 6DIHW\



%URRNV $XWRPDWLRQ �� 6DIHW\
3DUW 1XPEHU� ������ 5HY� $ *HQHUDO 6DIHW\ &RQVLGHUDWLRQV

���������������0DJQHWLF )LHOG +D]DUG

7KLV SURGXFW FRQWDLQV PDJQHWLF PRWRUV WKDW FDQ EH KD]DUGRXV WR LPSODQWHG
PHGLFDO GHYLFHV� VXFK DV SDFHPDNHUV� DQG FDXVH SHUVRQDO KDUP� VHYHUH LQMXU\�
RU GHDWK�
l 0DLQWDLQ D VDIH ZRUNLQJ GLVWDQFH RI �� FP IURP WKH PRWRU ZKHQ ZLWK DQ

HQHUJL]HG URERW LI \RX XVH D FDUGLDF UK\WKP PDQDJHPHQW GHYLFH�

������������8QDXWKRUL]HG 6HUYLFH

3HUVRQDO LQMXU\ RU GDPDJH WR HTXLSPHQW PD\ UHVXOW LI WKLV SURGXFW LV RSHUDWHG RU VHUYLFHG
E\ XQWUDLQHG RU XQDXWKRUL]HG SHUVRQQHO�
l 2QO\ TXDOLILHG SHUVRQQHO ZKR KDYH UHFHLYHG FHUWLILHG WUDLQLQJ DQG KDYH WKH SURSHU

MRE TXDOLILFDWLRQV DUH DOORZHG WR WUDQVSRUW� DVVHPEOH� RSHUDWH� RU PDLQWDLQ WKH
SURGXFW�

�������������'DPDJHG &RPSRQHQWV

7KH XVH RI WKLV SURGXFW ZKHQ FRPSRQHQWV RU FDEOHV DSSHDU WR EH GDPDJHG PD\ FDXVH
HTXLSPHQW PDOIXQFWLRQ RU SHUVRQDO LQMXU\�
l 'R QRW XVH WKLV SURGXFW LI FRPSRQHQWV RU FDEOHV DSSHDU WR EH GDPDJHG�

l 3ODFH WKH SURGXFW LQ D ORFDWLRQ ZKHUH LW ZLOO QRW JHW GDPDJHG�

l 5RXWH FDEOHV DQG WXELQJ VR WKDW WKH\ GR QRW EHFRPH GDPDJHG DQG GR QRW SUHVHQW D
SHUVRQDO VDIHW\ KD]DUG�

�������������,QDSSURSULDWH 8VH

8VH RI WKLV SURGXFW LQ D PDQQHU RU IRU SXUSRVHV RWKHU WKDQ IRU ZKDW LW LV LQWHQGHG PD\
FDXVH HTXLSPHQW GDPDJH RU SHUVRQDO LQMXU\�
l 2QO\ XVH WKH SURGXFW IRU LWV LQWHQGHG DSSOLFDWLRQ�

l 'R QRW PRGLI\ WKLV SURGXFW EH\RQG LWV RULJLQDO GHVLJQ�

l $OZD\V RSHUDWH WKLV SURGXFW ZLWK WKH FRYHUV LQ SODFH�

&RS\ULJKW � ����� %URRNV $XWRPDWLRQ ��



�� 6DIHW\ *XLGDQFH ���� &RQWUROOHUV
0HFKDQLFDO +D]DUGV 3DUW 1XPEHU�



%URRNV $XWRPDWLRQ �� 6DIHW\
3DUW 1XPEHU� ������ 5HY� $ (OHFWULFDO +D]DUGV

�������������9LEUDWLRQ +D]DUG

$V ZLWK DQ\ VHUYR�EDVHG GHYLFH� WKH URERW FDQ HQWHU D YLEUDWRU\ VWDWH UHVXOWLQJ LQ
PHFKDQLFDO DQG DXGLEOH KD]DUGV� 9LEUDWLRQ LQGLFDWHV D VHULRXV SUREOHP� ,PPHGLDWHO\
UHPRYH SRZHU�
l %HIRUH HQHUJL]LQJ� HQVXUH WKH URERW LV EROWHG WR D ULJLG PHWDO FKDPEHU RU VWDQG�

(OHFWULFDO +D]DUGV

5HIHU WR WKH VSHFLILFDWLRQV RI WKH Guidance Controller Quick Start Guide IRU WKH HOHFWULFDO SRZHU�

���������������(OHFWULFDO 6KRFN +D]DUG

&RQWDFW ZLWK HOHFWULFDO SRZHU FDQ FDXVH SHUVRQDO KDUP DQG VHULRXV LQMXU\�
l 7R DYRLG HOHFWULFDO VKRFN� GLVFRQQHFW WKH SRZHU EHIRUH WURXEOHVKRRWLQJ WKH

HOHFWULFDO FRPSRQHQWV�

l &KHFN WKH XQLW
V VSHFLILFDWLRQV IRU WKH DFWXDO V\VWHP SRZHU UHTXLUHPHQWV DQG XVH
DSSURSULDWH SUHFDXWLRQV�

l 1HYHU RSHUDWH WKLV SURGXFW ZLWKRXW LWV SURWHFWLRQ FRYHUV RQ�

���������������(OHFWULFDO %XUQ

,PSURSHU HOHFWULFDO FRQQHFWLRQ RU FRQQHFWLRQ WR DQ LPSURSHU HOHFWULFDO VXSSO\ FDQ UHVXOW
LQ HOHFWULFDO EXUQV UHVXOWLQJ LQ HTXLSPHQW GDPDJH� VHULRXV LQMXU\� RU GHDWK�

l $OZD\V SURYLGH WKH URERW ZLWK WKH SURSHU SRZHU VXSSO\ FRQQHFWRUV DQG JURXQG WKDW
DUH FRPSOLDQW ZLWK DSSURSULDWH HOHFWULFDO FRGHV�

&RS\ULJKW � ����� %URRNV $XWRPDWLRQ ��



�� 6DIHW\ *XLGDQFH ���� &RQWUROOHUV
(UJRQRPLF +D]DUGV 3DUW 1XPEHU� ������ 5HY� $

���������������(OHFWULFDO )LUH +D]DUG

$OO HQHUJL]HG HOHFWULFDO HTXLSPHQW SRVHV WKH ULVN RI ILUH� ZKLFK PD\ UHVXOW LQ VHYHUH LQMXU\
RU GHDWK� )LUHV LQ ZLULQJ� IXVH ER[HV� HQHUJL]HG HOHFWULFDO HTXLSPHQW� FRPSXWHUV� DQG
RWKHU HOHFWULFDO VRXUFHV UHTXLUH D &ODVV & H[WLQJXLVKHU�
l 8VH D ILUH H[WLQJXLVKHU GHVLJQHG IRU HOHFWULFDO ILUHV �&ODVV & LQ WKH 86 DQG &ODVV (

LQ $VLD��

l ,W LV WKH IDFLOLW\
V UHVSRQVLELOLW\ WR GHWHUPLQH LI DQ\ RWKHU ILUH H[WLQJXLVKHUV DUH
QHHGHG IRU WKH V\VWHP WKDW WKH URERW LV LQ�

,PSURSHU KDQGOLQJ RI WKH SRZHU VRXUFH RU FRQQHFWLQJ GHYLFHV PD\ FDXVH FRPSRQHQW GDPDJH RU HTXLSPHQW ILUH�
l &RQQHFW WKH V\VWHP WR DQ DSSURSULDWH HOHFWULFDO VXSSO\�

l 7XUQ RII WKH SRZHU EHIRUH VHUYLFLQJ WKH XQLW�

l 7XUQ RII WKH SRZHU EHIRUH GLVFRQQHFWLQJ WKH FDEOHV�

(UJRQRPLF +D]DUGV

�������������+HDY\ /LIW +D]DUG

)DLOXUH WR WDNH WKH SURSHU SUHFDXWLRQV EHIRUH PRYLQJ WKH URERW FRXOG UHVXOW LQ EDFN LQMXU\
DQG PXVFOH VWUDLQ�
l 8VH D OLIWLQJ GHYLFH DQG FDUW UDWHG IRU WKH ZHLJKW RI WKH GULYH RU DUP�

l 2QO\ SHUVRQV FHUWLILHG LQ RSHUDWLQJ WKH OLIWLQJ GHYLFH VKRXOG EH PRYLQJ WKH SURGXFW�

�������������7LSRYHU +D]DUG

7KLV SURGXFW KDV D KLJK FHQWHU RI JUDYLW\ ZKLFK PD\ FDXVH WKH SURGXFW WR WLS RYHU DQG
FDXVH VHULRXV LQMXU\�
l $OZD\V SURSHUO\ UHVWUDLQ WKH SURGXFW ZKHQ PRYLQJ LW�

l 1HYHU RSHUDWH WKH URERW XQOHVV LW LV ULJLGO\ PRXQWHG�

�� &RS\ULJKW � ����� %URRNV $XWRPDWLRQ



%URRNV $XWRPDWLRQ �� 6DIHW\
3DUW 1XPEHU� ������ 5HY� $ (UJRQRPLF +D]DUGV

�������������7ULS +D]DUG

&DEOHV IRU SRZHU DQG FRPPXQLFDWLRQ DQG IDFLOLWLHV FUHDWH WULS KD]DUGV ZKLFK PD\ FDXVH
VHULRXV LQMXU\�
l $OZD\V URXWH WKH FDEOHV ZKHUH WKH\ DUH QRW LQ WKH ZD\ RI WUDIILF�

&RS\ULJKW � ����� %URRNV $XWRPDWLRQ ��



�� 6DIHW\ *XLGDQFH ���� &RQWUROOHUV
(PHUJHQF\ 6WRS &LUFXLW �(�6WRS� 3DUW 1XPEHU� ������ 5HY� $

(PHUJHQF\ 6WRS &LUFXLW �(�6WRS�

7KH LQWHJUDWRU RI WKH URERW PXVW SURYLGH DQ HPHUJHQF\ VWRS VZLWFK�

���������������(PHUJHQF\ 6WRS &LUFXLW

8VLQJ WKLV SURGXFW ZLWKRXW DQ HPHUJHQF\ VWRS FLUFXLW PD\ FDXVH SHUVRQDO LQMXU\�

l &XVWRPHU LV UHVSRQVLEOH IRU LQWHJUDWLQJ DQ HPHUJHQF\ VWRS FLUFXLW LQWR WKHLU
V\VWHP�

l 'R QRW RYHUULGH RU E\SDVV WKH HPHUJHQF\ VWRS FLUFXLW�

5HF\FOLQJ DQG +D]DUGRXV 0DWHULDOV

%URRNV $XWRPDWLRQ FRPSOLHV ZLWK WKH (8 'LUHFWLYH ��������(8 :DVWH (OHFWULFDO DQG (OHFWURQLF
(TXLSPHQW �:(((��

7KH HQG XVHU PXVW UHVSRQVLEO\ GLVSRVH RI WKH SURGXFW DQG LWV FRPSRQHQWV ZKHQ GLVSRVDO LV
UHTXLUHG� 7KH LQLWLDO FRVW RI WKH HTXLSPHQW GRHV QRW LQFOXGH FRVW IRU GLVSRVDO� )RU IXUWKHU LQIRUPDWLRQ
DQG DVVLVWDQFH LQ GLVSRVDO� SOHDVH HPDLO %URRNV $XWRPDWLRQ 7HFKQLFDO 6XSSRUW DW VXSSRUWB
SUHFLVHIOH[#EURRNVDXWRPDWLRQ�FRP�

�� &RS\ULJKW � ����� %URRNV $XWRPDWLRQ
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%URRNV



�� ,QWURGXFWLRQ WR WKH +DUGZDUH *XLGDQFH ���� &RQWUROOHUV
6\VWHP 2YHUYLHZ 3DUW 1XPEHU� ������ 5HY� $

LQ D QHWZRUN RI FRQWUROOHUV ZKHUH WKH PDVWHU LV D *XLGDQFH ���� RU ����� RU DQRWKHU *XLGDQFH
�����

(DFK *XLGDQFH &RQWUROOHU FDQ KDYH VHYHUDO W\SHV RI SHULSKHUDOV DWWDFKHG WR LW� 7KHVH LQFOXGH
FDPHUDV� UHPRWH ,�2� D KDUGZDUH PDQXDO FRQWURO SHQGDQW� DQG D UHPRWH IURQW SDQHO� 2QO\ RQH IURQW
SDQHO LV UHTXLUHG SHU QHWZRUNHG JURXS RI FRQWUROOHUV�

7KH FRQWUROOHU LQFOXGHV D ZHE�EDVHG RSHUDWRU LQWHUIDFH WKDW LV YLHZHG YLD D VWDQGDUG EURZVHU� 7KLV
LQWHUIDFH LV XVHG IRU FRQILJXULQJ WKH V\VWHP� VWDUWLQJ DQG VWRSSLQJ H[HFXWLRQ� DQG PRQLWRULQJ LWV
RSHUDWLRQ� 7KH ZHE LQWHUIDFH FDQ EH DFFHVVHG RYHU D ORFDO QHWZRUN RU UHPRWHO\ YLD WKH ,QWHUQHW� 7KLV
UHPRWH LQWHUIDFH LV RI JUHDW EHQHILW LQ V\VWHP PDLQWHQDQFH DQG GHEXJJLQJ� ,W LV KLJKO\
UHFRPPHQGHG WKDW ILUVW WLPH XVHUV UHDG WKH S�



%URRNV $XWRPDWLRQ �� ,QWURGXFWLRQ WR WKH +DUGZDUH
3DUW 1XPEHU� ������ 5HY� $ 6\VWHP 2YHUYLHZ

6\VWHP 'LDJUDP

7KH *XLGDQFH ���� V\VWHP GLDJUDP LV VKRZQ LQ )LJXUH ���� 7KH EDVLF V\VWHP FRQVLVWV RI D &38
ERDUG �0,'6�� DQG D PRWRU SRZHU DPSOLILHU



�� ,QWURGXFWLRQ WR WKH +DUGZDUH *XLGDQFH



%URRNV $XWRPDWLRQ �� ,QWURGXFWLRQ WR WKH +DUGZDUH
3DUW 1XPEHU� ������ 5HY� $ 6\VWHP &RPSRQHQWV

)LJXUH ���� &RQQHFWLRQ %R[

/RZ 9ROWDJH 3RZHU 6XSSO\

7KH *XLGDQFH &RQWUROOHUV UHTXLUH ��� $PSV RI ��9'& SRZHU IRU LWV ORJLF FLUFXLWV DQG � $PSV IRU ,2
SRZHU� IRU D WRWDO RI ��� $PSV� )RU DSSOLFDWLRQV XVLQJ UHPRWH ,2 RU (WKHUQHW FDPHUDV� %URRNV
UHFRPPHQGV D WRWDO RI � $PSV� 7KLV YROWDJH PD\ EH VXSSOLHG E\ D XVHU SRZHU VXSSO\ RU D ��9'&
SRZHU VXSSO\ PD\ EH SXUFKDVHG IURP %URRNV�

$ FRPPHUFLDOO\ DYDLODEOH ����ZDWW� ��9'& 3RZHU 6XSSO\� 0HDQ :HOO �31 336�������� ZLWK $&
LQSXW IURP �� 9 WR ��� 9� LV VKRZQ LQ )LJXUH ����

���������������(OHFWULFDO 6KRFN

7KH ��9'& ORJLF SRZHU VXSSO\ LV DQ RSHQ IUDPH HOHFWULFDO GHYLFH WKDW KDV H[SRVHG
XQVKLHOGHG KLJK YROWDJH SLQV� FRPSRQHQWV DQG VXUIDFHV� ,Q DGGLWLRQ� WKH KHDW VLQNV RQ
WKH ��9'& 3RZHU 6XSSO\ DUH QRW JURXQGHG DQG H[SRVH KLJK YROWDJH OHYHOV� 7KLV SURGXFW
LV LQWHQGHG WR EH PRXQWHG LQ D FDELQHW RU PDFKLQH FKDVVLV WKDW LV QRW DFFHVVLEOH ZKHQ $&
OLQH SRZHU LV RQ�

&RS\ULJKW � ����� %URRNV $XWRPDWLRQ ��





%URRNV $XWRPDWLRQ �� ,QWURGXFWLRQ WR WKH +DUGZDUH
3DUW 1XPEHU� ������ 5HY� $ 6\VWHP &RPSRQHQWV

)LJXUH ���� 0DQXDO &RQWURO 3HQGDQW

5HPRWH ,2 0RGXOH

)RU DSSOLFDWLRQV WKDW UHTXLUH DGGLWLRQDO ,2 FDSDELOLW\ EH\RQG WKH VWDQGDUG IXQFWLRQV� D 3UHFLVH)OH[�
5HPRWH ,2 �5,2� PRGXOH PD\ EH SXUFKDVHG� 7KH 5,2 LQWHUIDFHV WR DQ\ *XLGDQFH &RQWUROOHU YLD
������ 0E (WKHUQHW DQG UHTXLUHV ��9'& SRZHU� 8S WR IRXU ��� 5,2V FDQ EH FRQQHFWHG WR D
FRQWUROOHU�

7KH EDVLF 5,2 LQFOXGHV WKH IROORZLQJ�

l �� LVRODWHG GLJLWDO LQSXW VLJQDOV

l �� LVRODWHG GLJLWDO RXWSXW VLJQDOV

l 2QH 56���� VHULDO OLQH

$Q HQKDQFHG YHUVLRQ RI WKH 5,2 DGGV IRXU ��� DQDORJ LQSXW VLJQDOV� D VHFRQG 56���� SRUW DQG RQH
56�������� VHULDO SRUW� ,Q DGGLWLRQ� H[SDQVLRQ ERDUGV ZLOO VRRQ EH RIIHUHG WKDW FRVW HIIHFWLYHO\ DGG
DGGLWLRQDO LVRODWHG GLJLWDO LQSXWV DQG RXWSXWV LQ JURXSV RI �� HDFK WR WKH EDVLF 5,2�

7KH 5,2 FRQWDLQV XQVKLHOGHG ��9'& VLJQDOV DQG SLQV� 7KLV SURGXFW LV LQWHQGHG WR EH
PRXQWHG LQ D FDELQHW RU PDFKLQH FKDVVLV WKDW LV QRW DFFHVVLEOH ZKHQ SRZHU LV WXUQHG RQ�

&RS\ULJKW � ����� %URRNV $XWRPDWLRQ ��



�� ,QWURGXFWLRQ WR WKH +DUGZDUH *XLGDQFH ���� &RQWUROOHUV
0DFKLQH 6DIHW\ 3DUW 1XPEHU� ������ 5HY� $

)LJXUH ���� (QKDQFHG 5,2 0RGXOH



%URRNV $XWRPDWLRQ �� ,QWURGXFWLRQ WR WKH +DUGZDUH
3DUW 1XPEHU� ������ 5HY� $ 0DFKLQH 6DIHW\



�� ,QWURGXFWLRQ WR WKH +DUGZDUH *XLGDQFH ���� &RQWUROOHUV
0DFKLQH 6DIHW\ 3DUW 1XPEHU� ������ 5HY� $

,I DQ D[LV GRHV QRW KDYH D PHFKDQLFDO EUDNH DQG PRWRU SRZHU LV GLVDEOHG ZKLOH WKH D[LV LV PRYLQJ� LW
PD\ FRDVW IRU D VLJQLILFDQW GLVWDQFH� /HDYLQJ WKH PRWRU SRZHU HQDEOHG IRU ��� VHF DOORZV WKH VHUYRV
WR SHUIRUP D UDSLG FRQWUROOHG GHFHOHUDWLRQ RI WKHVH D[HV� )RU H[DPSOH� LI D OLQHDU D[LV LV PRYLQJ DW D
VSHHG RI ���� PP�VHF DQG WKH VHUYRV GHFHOHUDWH LW DW ���* ����� PP�VHFA��� WKH D[LV ZLOO UHDFK D
IXOO VWRS LQ ���� VHF DIWHU KDYLQJ RQO\ WUDYHOHG D GLVWDQFH RI ��� PP�

,I D JUDYLW\ ORDGHG D[LV KDV D PHFKDQLFDO EUDNH EXW WKH EUDNH WDNHV VRPH WLPH WR HQJDJH� LI PRWRU
SRZHU LV GLVDEOHG LPPHGLDWHO\ ZKHQ D KDUG (�6WRS LV VLJQDOHG� WKH D[LV ZLOO GURS EHIRUH WKH EUDNH
WDNHV HIIHFW� ,Q WKLV FDVH� D VKRUW GHOD\ DIWHU WKH EUDNH LV DFWXDWHG DQG EHIRUH GLVDEOLQJ PRWRU SRZHU
ZLOO DOORZ WLPH IRU WKH EUDNH WR HQJDJH DQG ZLOO SUHYHQW WKH D[LV IURP GURSSLQJ�

6DIHW\ =RQHV

)RU DOO URERW W\SHV� ³6DIHW\ =RQHV´ FDQ EH GHILQHG WKDW GLVDEOH PRWRU SRZHU DQG KDOW WKH PRWLRQ RI
WKH URERW LI LWV WRRO FHQWHU SRLQW �7&3� YLRODWHV WKH UHTXLUHPHQWV RI D XVHU GHILQHG �' YROXPH�

7\SHV RI 6DIHW\ =RQHV

7KHVH �' VDIHW\ ]RQHV FDQ EH XVHG WR�

�� $SSUR[LPDWHO\ PRGHO WKH YROXPH RI VWDWLRQDU\ REMHFWV RU SHUVRQQHO ZRUNLQJ DUHDV WR SUHYHQW WKH

URERW IURP LQDGYHUWHQWO\ HQWHULQJ WKLV YROXPH DQG FDXVLQJ D FROOLVLRQ �³NHHS RXW ]RQHV´��

�� 5HGXFH WKH QRUPDO ZRUNLQJ YROXPH RI WKH URERW WR SUHYHQW WKH URERW IURP UHDFKLQJ EH\RQG SUHVFULEHG

ERXQGDULHV DQG FDXVLQJ D FROOLVLRQ �³VWD\ ZLWKLQ ]RQHV´��

�� 9HULI\ WKDW WKH URERW¶V 7&3 VSHHG �ZKHQ LQ D VSHFLILHG YROXPH� LV EHORZ D VSHFLILHG OLPLW VR WKDW WKH

URERW FDQ EH VDIHO\ GHFHOHUDWHG DQG VWRSSHG EHIRUH LW PLJKW SLQ DQ RSHUDWRU¶V KDQG WR D KDUG VXUIDFH

ZLWK WRR KLJK D IRUFH �³VSHHG UHVWULFW ]RQHV´��

$V FXUUHQWO\ LPSOHPHQWHG� WKH ³NHHS RXW ]RQHV´ DQG ³VWD\ ZLWKLQ ]RQHV´ DUH SURYLGHG DV JHQHUDO
VDIHW\ IHDWXUHV� EXW WKH\ GR QRW PHHW WKH VWULQJHQW &DWHJRU\ � VDIHW\ VWDQGDUGV WKDW UHTXLUH IDLO VDIH
UHGXQGDQW ORJLF� +RZHYHU� WKH ³VSHHG UHVWULFW ]RQHV´ GR SURYLGH WKH UHTXLVLWH UHGXQGDQF\ DQG DUH LQ
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%URRNV $XWRPDWLRQ �� ,QWURGXFWLRQ WR WKH +DUGZDUH
3DUW 1XPEHU� ������ 5HY� $ 0DFKLQH 6DIHW\

)LJXUH ���� 5HFWDQJXODU 9ROXPH

)LJXUH ���� &\OLQGHU

)LJXUH ���� 6SKHUH

&RS\ULJKW � ����� %URRNV $XWRPDWLRQ ��



�� ,QWURGXFWLRQ WR WKH +DUGZDUH *XLGDQFH ���� &RQWUROOHUV
0DFKLQH 6DIHW\ 3DUW 1XPEHU� ������ 5HY� $

)RU LQFUHDVHG JHQHUDOLW\� XQFHUWLILHG ]RQHV FDQ EH DUELWUDULO\ SRVLWLRQHG DQG URWDWHG LQ DOO WKUHH
GLPHQVLRQV� 'XH WR LPSOHPHQWDWLRQ OLPLWDWLRQV� FHUWLILHG ]RQHV PXVW EH QRQ�URWDWHG UHFWDQJXODU
YROXPHV� ZKLFK FDQ EH DUELWUDULO\ SRVLWLRQHG� 8S WR �� ]RQHV FDQ EH GHILQHG IRU HDFK URERW DQG DQ\
PL[ RI FHUWLILHG DQG XQFHUWLILHG FDQ EH VSHFLILHG� 'XH WR VDIHW\ UHTXLUHPHQWV� DQ\ QHZ RU PRGLILHG
]RQH VSHFLILFDWLRQV RQO\ JR LQWR HIIHFW DIWHU WKH FRQWUROOHU LV UHERRWHG�

6DIHW\ =RQH 9LRODWLRQ 'HWHFWLRQ DQG &OHDULQJ

8QFHUWLILHG VDIHW\ ]RQHV DUH DFWLYH LQ WKH IROORZLQJ FLUFXPVWDQFHV�

l &RQWLQXRXVO\ GXULQJ SURJUDP�FRQWUROOHG PRWLRQV RI DOO W\SHV �VWUDLJKW OLQH RU DUF &DUWHVLDQ DQG MRLQW
LQWHUSRODWHG��

l &RQWLQXRXVO\ GXULQJ PDQXDO �MRJ� FRQWURO PRGHV� :RUOG� 7RRO DQG -RLQW� EXW QRW IUHH�

l 0RWLRQ SODQQLQJ �ILQDO GHVWLQDWLRQV RQO\��

l /RFDWLRQ REMHFW�.LQH6RO PHWKRG GXULQJ FRQYHUVLRQV WR HLWKHU &DUWHVLDQ RU MRLQW /RFDWLRQV�

&HUWLILHG VDIHW\ ]RQHV DUH RQO\ DFWLYH GXULQJ SURJUDP�FRQWUROOHG PRWLRQV �RI DOO W\SHV� VLQFH WKLV LV
WKH RQO\ FLUFXPVWDQFH ZKHUH KLJKHU 7&3 VSHHGV DUH SRVVLEOH�

:KHQ PRWRU SRZHU LV HQDEOHG DQG WKH URERW¶V 7&3 LV LQ YLRODWLRQ RI DQ XQFHUWLILHG VDIHW\ ]RQH� D
SURJUDP�FRQWUROOHG PRWLRQ FDQQRW EH LQLWLDWHG� 7KLV FRQGLWLRQ FDQ EH FOHDUHG E\ GLVDEOLQJ PRWRU
SRZHU DQG PDQXDOO\ UHSRVLWLRQLQJ WKH URERW RU E\ PDQXDOO\ MRJJLQJ WKH 7&3 LQ :RUOG� 7RRO RU -RLQW
PRGHV� VR ORQJ DV WKH MRJ PRWLRQ UHGXFHV WKH VDIHW\ ]RQH YLRODWLRQ GLVWDQFH� 7KDW LV� MRJJLQJ
PRWLRQV WKDW LQFUHDVH WKH YLRODWLRQ RI D VDIHW\ ]RQH DUH QRW SHUPLWWHG�

NOTE: 6DIHW\ ]RQH WHVWLQJ LV EDVHG RQ WKH 7&3 RI WKH URERW� 7KHUHIRUH� LW LV YHU\
LPSRUWDQW WKDW WKH SRVLWLRQ RI WKH WRRO FHQWHU SRLQW UHODWLYH WR WKH URERW¶V WRRO PRXQWLQJ
IODQJH LV VHW FRUUHFWO\� 3OHDVH VHH WKH 5RERW�7RRO SURSHUW\ IRU LQIRUPDWLRQ RQ GHILQLQJ
WKH 7&3�

&HUWLILHG 6SHHG 5HVWULFW 6DIHW\ =RQHV

:KLOH WKH XQFHUWLILHG VDIHW\ ]RQHV SHUIRUP FRQYHQWLRQDO WHVWV RQ MXVW WKH SRVLWLRQ RI WKH 7&3� WKHUH
DUH WZR FHUWLILHG VDIHW\ ]RQHV DQG WKHVH SHUIRUP VSHFLDO WHVWV WR GHWHFW LI WKH VSHHG RI WKH 7&3
H[FHHGV D OLPLW ZKLOH WKH 7&3 LV ZLWKLQ WKH ]RQH� 7KH ILUVW FHUWLILHG VDIHW\ ]RQH WHVWV LI WKH =
GRZQZDUG VSHHG RI WKH 7&3 H[FHHGV D VSHFLILHG OLPLW� 7KLV VDIHW\ ]RQH ZDV LPSOHPHQWHG IRU WKH
3UHFLVH)OH[ ��� DQG 3UHFLVH)OH[ ���� URERWV VLQFH WKHLU RQO\ LQWULQVLFDOO\ QRQ�VDIH PRWLRQ LV D KLJK�
VSHHG GRZQZDUG = PRWLRQ WKDW FRXOG WUDS D SHUVRQ
V KDQG EHWZHHQ WKH WRROWLS DQG D IL[HG REMHFW RU
KRUL]RQWDO VXUIDFH� 7KH VHFRQG FHUWLILHG VDIHW\ ]RQH WHVWV LI WKH KRUL]RQWDO� ;< SODQDU� VSHHG RI WKH
7&3 H[FHHGV D VSHFLILHG OLPLW� 7KLV WHVW ZDV GHYHORSHG IRU WKH 3UHFLVH)OH[� '' URERWV VLQFH
URERWV FDQ JHQHUDWH H[FHVVLYH VSHHGV ZKHQ PRYLQJ KRUL]RQWDOO\�

)RU ERWK RI WKHVH WHVWV� LQ RUGHU WR VDWLVI\ WKH FRPSXWDWLRQDO UHGXQGDQF\ UHTXLUHPHQW RI WKH
&DWHJRU\ � VDIHW\ UHJXODWLRQV� WKH VKDSHV RI WKHVH VDIHW\ ]RQHV DUH OLPLWHG WR QRQ�URWDWHG
UHFWDQJXODU YROXPHV�

�� &RS\ULJKW � ����� %URRNV $XWRPDWLRQ



%URRNV $XWRPDWLRQ �� ,QWURGXFWLRQ WR WKH +DUGZDUH
3DUW 1XPEHU� ������ 5HY� $ 0DFKLQH 6DIHW\

3OHDVH FRQVXOW WKH XVHU PDQXDOV IRU WKHVH 3UHFLVH)OH[� URERWV IRU ZKHQ VSHHG UHVWULFW VDIHW\
]RQHV PXVW EH GHILQHG WR VDIHO\ RSHUDWH WKHVH PHFKDQLVPV�

&RQILJXULQJ 6DIH =RQHV

8S WR �� VDIHW\ ]RQHV FDQ EH GHILQHG SHU URERW� (DFK RI WKHVH ]RQHV LV VSHFLILHG E\ ILOOLQJ LQ RQH RI
WKH 3DUDPHWHU 'DWDEDVH ,'V ����� WR ������ ZKLFK DUH ODEHOHG �6DIHW\ =RQH� W\SH� [�\�]�\�S�U� GLP
������� $Q\ FRPELQDWLRQ RI FHUWLILHG DQG XQFHUWLILHG VDIHW\ ]RQHV FDQ EH VSHFLILHG� (DFK RI WKHVH
'DWD,'V FRQVLVWV RI DQ DUUD\ RI �� QXPEHUV DQG WKH ILUVW YDOXH GHILQHV WKH VDIHW\ ]RQH ³W\SH´� $Q\
'DWD,' WKDW KDV D ]HUR ³W\SH´ LV LJQRUHG� 7DEOH ��� GHVFULEHV WKH SRVVLEOH VDIHW\ ]RQH W\SHV�

6DIHW\ =RQH 7\SH 'HVFULSWLRQ

�� 8QGHILQHG VDIHW\ ]RQH

��



�� ,QWURGXFWLRQ WR WKH +DUGZDUH *XLGDQFH ���� &RQWUROOHUV
0DFKLQH 6DIHW\ 3DUW 1XPEHU� ������ 5HY� $

'DWD,'



%URRNV $XWRPDWLRQ �� ,QWURGXFWLRQ WR WKH +DUGZDUH
3DUW 1XPEHU� ������ 5HY� $ 0DFKLQH 6DIHW\

6DIHW\ 6WDQGDUGV 5HIHUHQFH 0DWHULDO

3UHFLVH)OH[ FRQWUROOHUV FDQ RSHUDWH FRPSXWHU�FRQWUROOHG PHFKDQLVPV WKDW DUH FDSDEOH RI PRYLQJ DW
KLJK VSHHGV DQG H[HUWLQJ FRQVLGHUDEOH IRUFH� /LNH DOO URERW DQG PRWLRQ V\VWHPV DQG PRVW LQGXVWULDO
HTXLSPHQW� WKH\ PXVW EH WUHDWHG ZLWK UHVSHFW E\ WKH XVHU DQG WKH RSHUDWRU�

7KLV PDQXDO VKRXOG EH UHDG E\ DOO SHUVRQQHO RSHUDWLQJ RU PDLQWDLQLQJ 3UHFLVH)OH[ V\VWHPV RU ZKR
ZRUN ZLWKLQ RU QHDU WKH ZRUN FHOO�

5HDG WKH American National Standard for Industrial Robot Systems – Safety Requirements�
SXEOLVKHG E\ WKH 5RERWLF ,QGXVWULHV $VVRFLDWLRQ �5,$� LQ FRRSHUDWLRQ ZLWK WKH $PHULFDQ 1DWLRQDO
6WDQGDUGV ,QVWLWXWH� 7KH SXEOLFDWLRQ� $16,�5,$ 5������ FRQWDLQV JXLGHOLQHV IRU



�� ,QWURGXFWLRQ WR WKH +DUGZDUH *XLGDQFH ���� &RQWUROOHUV
0RYLQJ 0DFKLQH 6DIHW\ 3DUW 1XPEHU� ������ 5HY� $

0RYLQJ 0DFKLQH 6DIHW\

7KH 3UHFLVH)OH[� *XLGDQFH &RQWUROOHUV GULYH URERWV WKDW FDQ RSHUDWH LQ 0DQXDO &RQWURO 0RGH� LQ
ZKLFK DQ RSHUDWRU GLUHFWO\ FRQWUROV WKH PRWLRQ RI WKH URERW� RU LQ &RPSXWHU &RQWURO 0RGH� LQ ZKLFK
WKH URERW RSHUDWLRQ LV DXWRPDWLF� 0DQXDO &RQWURO 0RGH LV RIWHQ XVHG WR WHDFK ORFDWLRQV LQ WKH URERW
ZRUNVSDFH� 7KH URERW¶V VSHHG VKRXOG EH OLPLWHG LQ 0DQXDO &RQWURO 0RGH WR D PD[LPXP RI ��� PP
SHU VHFRQG IRU VDIHW\� DV UHTXLUHG E\ (1 ,62 �������������

7KLV VSHHG VHWWLQJ FDQ EH HDVLO\ FRQILUPHG XVLQJ WKH �9LUWXDO 3HQGDQW� LQ WKH :HE LQWHUIDFH� $IWHU
HQDEOLQJ SRZHU DQG KRPLQJ WKH URERW� VHOHFW 9LUWXDO 3HQGDQW LQ WKH :HE &RQWURO 3DQHOV PHQX�
DQG WKHQ VHOHFW D PDQXDO FRQWURO PRGH VXFK DV ³:RUOG´ 0RGH� 6HOHFW WKH ;�D[LV� VHW WKH VSHHG
VOLGHU WR ���� DQG GULYH WKH D[LV ��� PP DQG WLPH WKH PRWLRQ� :KLOH LW LV SRVVLEOH WR VHW D KLJK
PDQXDO FRQWURO VSHHG� WKLV LV QRW UHFRPPHQGHG� DQG VKRXOG RQO\ EH GRQH DIWHU DQ DSSOLFDWLRQ ULVN
DVVHVVPHQW�

:KLOH VRPH OLJKW�GXW\ URERWV �OLNH WKH 3UHFLVH3ODFH� FDQ RQO\ DSSO\ PRGHUDWH IRUFHV� LW LV DOZD\V
YHU\ LPSRUWDQW IRU RSHUDWRUV WR NHHS WKHLU KDQGV� DUPV DQG HVSHFLDOO\ WKHLU KHDG RXW RI WKH URERW¶V
RSHUDWLQJ YROXPH�

,Q &RPSXWHU 0RGH� URERWV FDQ DFKLHYH VSHHGV RI RYHU ���� PP�VHF� 'XULQJ &RPSXWHU 0RGH
2SHUDWLRQ� LW LV VWURQJO\ UHFRPPHQGHG WKDW RSHUDWRUV EH SUHYHQWHG IURP HQWHULQJ WKH URERW ZRUN
YROXPH E\ VDIHW\ EDUULHUV WKDW DUH LQWHUORFNHG WR WKH (�VWRS FLUFXLWU\� 5HIHU WR WKH $16,�5,$ 5�����
Safety Standard for Industrial Robots RU (1 ,62 ������������� Robots for Industrial Environments,
Safety Requirements� IRU LQIRUPDWLRQ RQ UHFRPPHQGHG VDIH RSHUDWLQJ SUDFWLFHV DQG HQFORVXUH
GHVLJQ IRU URERWV RI YDULRXV VL]HV DQG SD\ORDGV�

�� &RS\ULJKW � ����� %URRNV $XWRPDWLRQ



%URRNV $XWRPDWLRQ �� ,QVWDOODWLRQ ,QIRUPDWLRQ
3DUW 1XPEHU� ������ 5HY� $ +HDW 6LQNLQJ DQG 0RXQWLQJ

�� ,QVWDOODWLRQ ,QIRUPDWLRQ

+HDW 6LQNLQJ DQG 0RXQWLQJ

7KH *XLGDQFH ���� &RQWUROOHU KDV D YHU\



�� ,QVWDOODWLRQ ,QIRUPDWLRQ *XLGDQFH ���� &RQWUROOHUV
+HDW 6LQNLQJ DQG 0RXQWLQJ 3DUW 1XPEHU� ������ 5HY� $

NOTE: 7KH SRZHU PRGXOHV RQ WKH PRWRU SRZHU DPSOLILHU ERDUG DUH FRROHG E\
WUDQVIHUULQJ KHDW WR WKH ORZHU FDVH YLD VL[ +HDW 7UDQVIHU 3RVWV WKDW DUH VFUHZHG LQWR
WKH UHG WKUHDGHG KROHV� ,I WKH PRWRU SRZHU DPSOLILHU ERDUG LV WDNHQ RXW RI WKH FDVH DQG
GLUHFWO\ PRXQWHG LQ D URERW� WKH VL[ ��� +HDW 7UDQVIHU 3RVWV PXVW EH LQ FRQWDFW ZLWK DQ
DGHTXDWH KHDW VLQN WR SUHYHQW RYHU�KHDWLQJ RI WKH SRZHU PRGXOHV� 7KH FRQWUROOHU LV
VXSSOLHG ZLWK D FRYHU WKDW UHPRYHV KHDW IURP NH\ ,&V E\ WKHUPDOO\ FRXSOLQJ WKHVH
FKLSV WR WKH FRYHU� ,I WKH FRQWUROOHU LV RSHUDWHG ZLWK WKH FRYHU UHPRYHG� D PHDQV IRU
WUDQVIHUULQJ WKH KHDW IURP WKHVH ,&V PD\ EH QHFHVVDU\�

7KH VL]H RI WKH KHDW VLQN RQ ZKLFK WKH FRQWUROOHU VKRXOG EH PRXQWHG LV D IXQFWLRQ RI WKH SRZHU EHLQJ
GLVVLSDWHG� 7DEOH ��� PD\ EH XVHG WR HVWLPDWH WKH UHTXLUHG KHDW VLQN DUHD DV D IXQFWLRQ RI 506
PRWRU SRZHU� DVVXPLQJ WKH FRQWLQXRXV PRWRU FXUUHQW IRU HDFK PRWRU LV VHW WR WKH PD[LPXP FXUUHQW
RI ��� $ � )RU ORZHU PRWRU FXUUHQWV� WKH VXUIDFH DUHD PD\ EH VFDOHG SURSRUWLRQDWHO\� ,Q JHQHUDO� WKH
WKLFNQHVV RI WKH KHDW VLQN LV QRW FULWLFDO� 7KH VXUIDFH DUHD GLFWDWHV WKH DPRXQW RI KHDW GLVVLSDWHG DQG
WKH PDVV RI WKH KHDW VLQN GHWHUPLQHV WKH WLPH UHTXLUHG IRU WKH KHDW VLQN WR DFKLHYH D VWDEOH VWDWH�
1RWH WKDW WKH KHDW VLQN PD\ EH D URERW FKDVVLV RU RWKHU WKHUPDOO\ FRQGXFWLYH VWUXFWXUH�

'XW\ &\FOH ���� ��� ���

� 0RWRU ����� PA� ����� PA� ����� PA�

� 0RWRUV ����� PA�



%URRNV $XWRPDWLRQ �� ,QVWDOODWLRQ ,QIRUPDWLRQ
3DUW 1XPEHU� ������ 5HY� $ 5HFRPPHQGHG 0RWRU DQG (QFRGHU :LULQJ

)RU DSSOLFDWLRQV ZLWK KLJK GXW\ F\FOHV DQG SRZHU� OLPLWHG KHDW VLQNLQJ DQG�RU KLJK DPELHQW
WHPSHUDWXUHV� D VPDOO IDQ EORZLQJ DFURVV WKH FRQWUROOHU ZLOO JUHDWO\ UHGXFH WKH FRQWUROOHU¶V RSHUDWLQJ
WHPSHUDWXUH�

5HFRPPHQGHG 0RWRU DQG (QFRGHU :LULQJ

:LULQJ 2YHUYLHZ

7R DFKLHYH ORZ SRZHU ORVVHV� WKH FRQWUROOHU
V PRWRU GULYHV DUH GHVLJQHG DV VZLWFKLQJ DPSOLILHUV ZLWK
HGJHV WKDW RFFXU DV IDVW DV RQFH HYHU\ ��� QVHF� :KLOH WKLV DLGV LQ NHHSLQJ WKH VZLWFKLQJ ORVVHV
GRZQ� LW FDQ PDNH UHFHLYLQJ ORJLF OHYHO VLJQDOV IURP HQFRGHUV DQG RWKHU VHQVRUV PRUH GLIILFXOW� 7KLV
LV EHFDXVH HYHU\ 3:0 HGJH PXVW FKDUJH DQG GLVFKDUJH WKH PRWRU ZLULQJ FDSDFLWDQFH� 7KLV FDQ
JHQHUDWH FXUUHQW VSLNHV WKDW FDQ FDXVH WKH PRWRU IUDPH WR KDYH JURXQG ERXQFH GXH WR WKH
LQGXFWDQFH RI WKH JURXQG UHWXUQ EDFN WR WKH DPSOLILHU� 7KLV JURXQG ERXQFH DQG WKH FRXSOLQJ EHWZHHQ
PRWRU KDUQHVV ZLUH DQG HQFRGHU KDUQHVV ZLUHV FDQ LQWURGXFH QRLVH LQWR WKH V\VWHP�

)RUWXQDWHO\� VLQFH WKH *XLGDQFH ���� LV OLPLWHG WR UHODWLYHO\ ORZ PRWRU YROWDJHV� WKH SUREOHP RI
LQGXFHG JURXQG ERXQFHV LV VLJQLILFDQWO\ PLWLJDWHG� +RZHYHU� EHFDXVH RWKHU GHYLFHV LQ WKH V\VWHP
PD\ JHQHUDWH VLPLODU HOHFWULFDO QRLVH� LW LV JRRG SUDFWLFH WR HPSOR\ ZLULQJ PHWKRGV WKDW VDIHJXDUG
DJDLQVW VXFK SUREOHPV�

NOTE: ,W LV LPSRUWDQW WKDW WKH ZLULQJ JXLGHOLQHV LQ WKLV VHFWLRQ EH IROORZHG WR DYRLG
HQFRGHU TXDGUDWXUH HUURUV� ]HUR LQGH[ HUURUV� DQG RWKHU QRLVH�UHODWHG SUREOHPV�

0RWRU &DEOHV

8/ UHFRPPHQGV WKH IROORZLQJ FXUUHQW UDWLQJV IRU ��� & ZLUH� ,Q JHQHUDO� WKH ZLUH $PSHUHV VKRXOG
PHHW RU H[FHHG WKH 506 �UDWHG� FXUUHQW RI WKH PRWRU VLQFH WKH $PSHUHV UDWLQJ LV SULPDULO\ D IXQFWLRQ
RI WKH KHDWLQJ RI WKH ZLUH GXH WR WKH DYHUDJH PRWRU FXUUHQW DQG QRW WKH SHDN FXUUHQW�

:LUH 6L]H $:* �� �� �� �� �� ��

$PSHUHV ��� ��� ��� ��� ��� ���

7DEOH ���� 5HFRPPHQGHG &XUUHQW 5DWLQJV IRU ��� & :LUH

$V DQ H[WUD SUHFDXWLRQ� LW LV UHFRPPHQG WKDW WKH PRWRU ZLUH EH VKLHOGHG DQG KDYH D UDWLQJ RI ���
YROWV RU PRUH� 7KH W\SLFDO ZLUHV WKDW DUH VKRZQ LQ WKH WDEOH EHORZ KDYH D ���� & UDWLQJ� 7KHVH ZLUHV
GR QRW KDYH D GUDLQ ZLUH� VR D GUDLQ FRQQHFWLRQ PXVW EH VROGHUHG WR WKH VKLHOG�

&RS\ULJKW � ����� %URRNV $XWRPDWLRQ ��



�� ,QVWDOODWLRQ ,QIRUPDWLRQ *XLGDQFH ���� &RQWUROOHUV
5HFRPPHQGHG 0RWRU DQG (QFRGHU :LULQJ 3DUW 1XPEHU�



%URRNV $XWRPDWLRQ �� ,QVWDOODWLRQ ,QIRUPDWLRQ
3DUW 1XPEHU� ������ 5HY� $ 5HFRPPHQGHG 0RWRU DQG (QFRGHU :LULQJ

6RPH HQFRGHUV KDYH DQ RSHQ FROOHFWRU RXWSXW RU DQ RXWSXW ZLWK RQO\ D �� . SXOO XS UHVLVWRU� 7KHVH
HQFRGHUV VKRXOG RQO\ EH XVHG ZLWK D



�� ,QVWDOODWLRQ ,QIRUPDWLRQ *XLGDQFH ���� &RQWUROOHUV
5HFRPPHQGHG 0RWRU DQG (QFRGHU :LULQJ 3DUW 1XPEHU� ������ 5HY� $

)LJXUH ���� 'LIIHUHQWLDO (QFRGHU :LULQJ

�� &RS\ULJKW � ����� %URRNV $XWRPDWLRQ



%URRNV $XWRPDWLRQ �� +DUGZDUH 5HIHUHQFH
3DUW 1XPEHU� ������ 5HY� $ *XLGDQFH &RQWUROOHU $VVHPEOLHV DQG ,QWHUIDFHV

�� +DUGZDUH 5HIHUHQFH

*XLGDQFH &RQWUROOHU $VVHPEOLHV DQG ,QWHUIDFHV

0DMRU $VVHPEOLHV

7KH *XLGDQFH ���� &RQWUROOHUV DUH QRUPDOO\ SURYLGHG LQ DQ HQFORVXUH WKDW FRQWDLQV WZR ��� SULQWHG
FLUFXLW ERDUG DVVHPEOLHV DQG DQ RSWLRQDO WKLUG ERDUG� 7KHVH FRPSRQHQWV DUH VKRZQ LQ )LJXUH ���
ZKHUH WKH WRS FRYHU KDV EHHQ UHPRYHG IRU FODULW\�

)LJXUH ���� *XLGDQFH ���� &RQWUROOHU

7KH *XLGDQFH ���� LV SRZHUHG E\ ��9'& DQG FDQ FRQWDLQ YROWDJHV XS WR ��9'& WR
GULYH WKH PRWRUV� 7KHVH SURGXFWV DUH LQWHQGHG WR EH PRXQWHG LQ D FDELQHW RU PDFKLQH
FKDVVLV WKDW LV QRW DFFHVVLEOH RU WR KDYH LWV WRS FRYHU LQVWDOOHG ZKHQ $& OLQH SRZHU LV RQ�

&RS\ULJKW � ����� %URRNV $XWRPDWLRQ ��





%URRNV $XWRPDWLRQ �� +DUGZDUH 5HIHUHQFH
3DUW 1XPEHU� ������ 5HY� $ *XLGDQFH &RQWUROOHU $VVHPEOLHV DQG ,QWHUIDFHV

)RU WKH PRWRUV WR EH SURYLGHG ZLWK SRZHU� WKH IROORZLQJ FRQGLWLRQV PXVW





%URRNV $XWRPDWLRQ �� +DUGZDUH 5HIHUHQFH
3DUW 1XPEHU� ������ 5HY�





%URRNV $XWRPDWLRQ �� +DUGZDUH 5HIHUHQFH
3DUW 1XPEHU� ������ 5HY� $ &RQWUROOHU &RQQHFWRUV

7KH %UDNH 5HOHDVH FRQQHFWRU PRXQWHG RQ WKH PRWRU GULYH ERDUG LV D WZR�SLQ $03 ����������� 7KH PDWLQJ SOXJ LV DQ $03 ���������

)LJXUH ���� 7ZR�SLQ $03 ���������� DQG PDWLQJ SOXJ $03 ��������

3LQ 'HVFULSWLRQ

� *1'

� %5$.(���� &RQQHFW WKLV VLJQDO WR *1' WR UHOHDVH WKH EUDNHV�

8VHU 3OXJ 3DUW
1R

$03 ��������� 8VH DQ $03 ������� KDQG WRRO DQG $03 ���������� VRFNHWV IRU ZLULQJ WR WKH
SOXJ�

7DEOH ���� 3LQ $VVLJQPHQWV

'LJLWDO ,QSXW DQG 2XWSXW 6LJQDOV �6WDQGDUG�

$V D VWDQGDUG IHDWXUH� WKH *XLGDQFH ���� SURYLGHV IRXU JHQHUDO�SXUSRVH� RSWLFDOO\ LVRODWHG GLJLWDO
LQSXW VLJQDOV DQG IRXU�JHQHUDO SXUSRVH� RSWLFDOO\ LVRODWHG GLJLWDO RXWSXW VLJQDOV� 7KHVH VLJQDOV DUH
SUHVHQWHG LQ D VLQJOH ���SLQ -67 6��%�3+'66�/)��61� FRQQHFWRU WKDW PDWHV ZLWK D -67 3+'5�
��96 SOXJ�

)LJXUH ���� -67 6��%�3+'66�/)��61� &RQQHFWRU DQG -67 3+'5���96 3OXJ

&RS\ULJKW � ����� %URRNV $XWRPDWLRQ ��



��





�� +DUGZDUH 5HIHUHQFH *XLGDQFH ���� &RQWUROOHUV
&RQWUROOHU &RQQHFWRUV 3DUW 1XPEHU� ������ 5HY� $

7KH SLQ RXW IRU WKH 'LJLWDO ,QSXW DQG 2XWSXW &RQQHFWRU DQG WKH FRUUHVSRQGLQJ *3/ VLJQDO QXPEHUV DUH GHVFULEHG LQ 7DEOH ����

3LQ *3/ 6LJQDO
1XPEHU 'HVFULSWLRQ

� �� 'LJLWDO 2XWSXW �

� �� 'LJLWDO 2XWSXW �

� �� 'LJLWDO 2XWSXW �

� �� 'LJLWDO 2XWSXW �

� *1'

� ��9'& RXWSXW

� ����� 'LJLWDO ,QSXW �

� ����� 'LJLWDO ,QSXW �

� ����� 'LJLWDO ,QSXW �

�� ����� 'LJLWDO ,QSXW �

8VHU 3OXJ 3DUW 1R -67 3+'5���96�� )RU WKLV SOXJ� XVH -67 63+'����7�3���
SLQV�

7DEOH ���� 3LQ 2XW 	 *3/�6LJQDO 1XPEHUV

�� &RS\ULJKW � ����� %URRNV $XWRPDWLRQ



%URRNV $XWRPDWLRQ �� +DUGZDUH 5HIHUHQFH
3DUW 1XPEHU� ������ 5HY� $ &RQWUROOHU &RQQHFWRUV

'LJLWDO ,QSXW 6LJQDOV �2SWLRQDO�

�5(48,5(6 ,2 '$8*+7(5 %2$5'�� $V DQ RSWLRQDO IHDWXUH� WKH *XLGDQFH ���� FDQ LQFOXGH DQ
DGGLWLRQDO HLJKW ��� JHQHUDO SXUSRVH RSWLFDOO\ LVRODWHG GLJLWDO LQSXW VLJQDOV� 7KHVH VLJQDOV DUH
SUHVHQWHG LQ D VLQJOH ���SLQ -67 6��%�3+'66�/)��61� FRQQHFWRU WKDW PDWHV ZLWK D -67 3+'5�
��96 SOXJ�

)LJXUH ����� 7HQ�SLQ -67 6��%�3+'66�/)��61� &RQQHFWRU DQG -67 3+'5���96 3OXJ

7KH FRQILJXUDWLRQ RI WKHVH VLJQDOV IRU �VLQNLQJ� RU �VRXUFLQJ� LV 7%'�

,I DQ LQSXW VLJQDO LV FRQILJXUHG DV �VLQNLQJ�� WKH H[WHUQDO HTXLSPHQW PXVW SURYLGH D �9'& WR ��9'&
YROWDJH WR LQGLFDWH D ORJLFDO KLJK YDOXH RU QR YROWDJH IRU D ORJLFDO ORZ�� 7KLV FRQILJXUDWLRQ LV
FRPSDWLEOH ZLWK �VRXUFLQJ� �313� VHQVRUV�

,I DQ LQSXW VLJQDO LV FRQILJXUHG DV �VRXUFLQJ�� WKH H[WHUQDO HTXLSPHQW PXVW SXOO WKH VLJQDO LQSXW SLQ WR
JURXQG WR LQGLFDWH D ORJLFDO KLJK DQG PXVW OHW WKH OLQH IORDW KLJK WR ��9'& WR VLJQDO D ORJLFDO ORZ
YDOXH� 7KLV FRQILJXUDWLRQ LV FRPSDWLEOH ZLWK �VLQNLQJ� �131� VHQVRUV�

&RS\ULJKW � ����� %URRNV $XWRPDWLRQ ��



�� +DUGZDUH 5HIHUHQFH *XLGDQFH ���� &RQWUROOHUV
&RQWUROOHU &RQQHFWRUV 3DUW 1XPEHU� ������ 5HY� $

NOTE: $V VKLSSHG IURP WKH IDFWRU\� DOO GLJLWDO LQSXWV DUH QRUPDOO\ FRQILJXUHG DV
�VRXUFLQJ��

7KH SLQ RXW IRU WKH RSWLRQDO 'LJLWDO ,QSXW &RQQHFWRU DQG WKH FRUUHVSRQGLQJ *3/ VLJQDO QXPEHUV DUH
GHVFULEHG LQ 7DEOH ����

3LQ *3/ 6LJQDO
1XPEHU 'HVFULSWLRQ

� ����� 'LJLWDO ,QSXW �

�



%URRNV $XWRPDWLRQ �� +DUGZDUH 5HIHUHQFH
3DUW 1XPEHU� ������ 5HY� $ &RQWUROOHU &RQQHFWRUV

'LJLWDO 2XWSXW 6LJQDOV �2SWLRQDO�

�5(48,5(6 ,2 '$8*+7(5 %2$5'�� $V DQ RSWLRQDO IHDWXUH� WKH *XLGDQFH ���� FDQ LQFOXGH DQ
DGGLWLRQDO � JHQHUDO SXUSRVH RSWLFDOO\ LVRODWHG GLJLWDO RXWSXW VLJQDOV� 7KHVH VLJQDOV DUH SUHVHQWHG LQ
D VLQJOH ���SLQ -67 6��%�3+'66�/)��61� FRQQHFWRU WKDW PDWHV ZLWK D -67 3+'5���96 SOXJ�

)LJXUH ����� 7HQ�SLQ -67 6��%�3+'66�/)��61� &RQQHFWRU DQG -67 3+'5���96 3OXJ

7KH FRQILJXUDWLRQ RI WKHVH VLJQDOV IRU �VLQNLQJ� RU �VRXUFLQJ� LV 7%'�

,I DQ RXWSXW VLJQDO LV �VLQNLQJ�� WKH H[WHUQDO HTXLSPHQW PXVW SURYLGH D �9'& WR ��9'& SXOO�XS
YROWDJH RQ WKH RXWSXW SLQ DQG WKH FRQWUROOHU SXOOV WKLV SLQ WR JURXQG ZKHQ WKH VLJQDO LV DVVHUWHG DV
WUXH� 7KLV FRQILJXUDWLRQ LV FRPSDWLEOH ZLWK �VRXUFLQJ� �313� GHYLFHV�

,I DQ RXWSXW VLJQDO LV �VRXUFLQJ�� WKH H[WHUQDO HTXLSPHQW PXVW SXOO�GRZQ WKH RXWSXW SLQ WR JURXQG DQG
WKH FRQWUROOHU SXOOV WKLV SLQ WR ��9'& ZKHQ WKH VLJQDO LV DVVHUWHG DV WUXH� 7KLV FRQILJXUDWLRQ LV
FRPSDWLEOH ZLWK



�� +DUGZDUH 5HIHUHQFH *XLGDQFH ���� &RQWUROOHUV
&RQWUROOHU &RQQHFWRUV 3DUW 1XPEHU� ������ 5HY� $

NOTE: $V VKLSSHG IURP WKH IDFWRU\� DOO RXWSXWV DUH QRUPDOO\ FRQILJXUHG DV �VLQNLQJ��

7KH SLQ RXW IRU WKH 'LJLWDO 2XWSXW &RQQHFWRU DQG WKH FRUUHVSRQGLQJ *3/ VLJQDO QXPEHUV DUH
GHVFULEHG LQ 7DEOH ����

3LQ





�� +DUGZDUH 5HIHUHQFH *XLGDQFH ���� &RQWUROOHUV
&RQWUROOHU &RQQHFWRUV 3DUW 1XPEHU� ������ 5HY� $

3LQ 'HVFULSWLRQ

� (QFRGHU %�

� *1'

� (QFRGHU =�

� (QFRGHU =�

�� *1'

8VHU 3OXJ
3DUW 1R -67 3+'5���96� )RU WKLV SOXJ� XVH -67 63+'����7�3��� SLQV�

(WKHUQHW ,QWHUIDFH

7KH FRQWUROOHU LQFOXGHV DQ (WKHUQHW VZLWFK WKDW LPSOHPHQWV WZR ������ 0ELW (WKHUQHW SRUWV� 7KLV
FDSDELOLW\ ZDV GHVLJQHG WR SHUPLW WKH FRQWUROOHU WR EH LQWHUIDFHG WR GHYLFHV VXFK DV RWKHU
3UHFLVH)OH[ FRQWUROOHUV� UHPRWH ,�2 XQLWV� DQG (WKHUQHW FDPHUDV� 7KH (WKHUQHW VZLWFK DXWRPDWLFDOO\
GHWHFWV WKH VHQVH RI HDFK FRQQHFWLRQ� VR HLWKHU VWUDLJKW�WKURXJK RU FURVV�RYHU FDEOHV FDQ EH XVHG
WR FRQQHFW WKH FRQWUROOHU WR DQ\ RWKHU (WKHUQHW GHYLFH�

)LJXUH ����� (WKHUQHW 3RUWV DQG &DEOH

(LWKHU (WKHUQHW SRUW FDQ EH XVHG WR LQWHUIDFH WR WKH *XLGDQFH FRQWUROOHU� ,I WKH WZR SRUWV DUH
FRQQHFWHG WR H[WHUQDO HTXLSPHQW WKDW DUH FRPPXQLFDWLQJ ZLWK HDFK RWKHU EXW QRW WKH FRQWUROOHU� WKH
VZLWFK DXWRPDWLFDOO\ URXWHV WKH WUDIILF EHWZHHQ WKH WZR SRUWV DQG GRHV QRW VHQG



%URRNV $XWRPDWLRQ �� +DUGZDUH 5HIHUHQFH
3DUW 1XPEHU� ������ 5HY� $ &RQWUROOHU &RQQHFWRUV

0RWRU ,QWHUIDFHV

*XLGDQFH ���� FRQWUROOHUV DUH HTXLSSHG ZLWK �� �� RU � PRWRU GULYHV� 7KH PRWRU LQWHUIDFH IRU HDFK
GULYH LV SURYLGHG LQ D VLQJOH ��SLQ $03 ���������� FRQQHFWRU WKDW PDWHV ZLWK D $03 �������� SOXJ�

)LJXUH ����� 6L[�SLQ $03 ���������� FRQQHFWRU DQG $03 �������� 3OXJ

$V D ZLULQJ FRQYHQLHQFH� HDFK RI WKH PRWRU FRQQHFWRUV LQFOXGHV EUDNH FRQWURO VLJQDOV IRU HQHUJL]LQJ
�UHOHDVLQJ� D EUDNH� ,QWHUQDOO\� DOO RI WKHVH EUDNH VLJQDOV DUH FRQWUROOHG E\ WKH VDPH ORJLF� VR DOO
EUDNHV DUH UHOHDVHG WRJHWKHU UDWKHU WKDQ RQ DQ LQGLYLGXDO EDVLV� ,I LQGLYLGXDO EUDNH FRQWURO LV
UHTXLUHG� WKH JHQHUDO SXUSRVH GLJLWDO RXWSXW OLQHV FDQ EH FRQILJXUHG IRU WKLV IXQFWLRQ� 7KH V\VWHP
DOVR LQFOXGHV D LQSXW IRU PDQXDOO\ UHOHDVLQJ WKH EUDNHV �VHH WKH %UDNH 5HOHDVH &RQQHFWRU��

NOTE: 5HYLHZ WKH ,QVWDOODWLRQ VHFWLRQ RI WKLV PDQXDO IRU UHFRPPHQGDWLRQV RQ EHVW
SUDFWLFHV IRU ZLULQJ PRWRUV��

)ROORZLQJ WKH LQVWUXFWLRQV ZLOO VLJQLILFDQWO\ UHGXFH WKH OLNHOLKRRG RI WKH PRWRUV JHQHUDWLQJ
XQGHVLUDEOH HOHFWULFDO QRLVH� 7KH SLQ RXW IRU WKH 0RWRU &RQQHFWRU LV GHVFULEHG LQ 7DEOH ����

3LQ 'HVFULSWLRQ

� %UDNH SRZHU RXWSXW� ��9'&� PD[LPXP FXUUHQW � $ WRWDO IRU DOO EUDNHV�

� 0RWRU SKDVH 9

� 0RWRU SKDVH :

� %UDNH SRZHU UHWXUQ�� 6HW WR JURXQG WR HQHUJL]H �UHOHDVH� EUDNHV RWKHUZLVH ��9'&�

� 0RWRU IUDPWRU



�� +DUGZDUH 5HIHUHQFH *XLGDQFH ���� &RQWUROOHUV
&RQWUROOHU &RQQHFWRUV 3DUW 1XPEHU� ������ 5HY� $

0RWRU 3RZHU ,QSXW &RQQHFWRU

7KH SRZHU WR GULYH WKH PRWRUV PXVW EH VXSSOLHG VHSDUDWHO\ IURP WKH ORJLF SRZHU� 7KH ORJLF SRZHU
PXVW EH ��9'& DQG PXVW EH FRQWLQXRXVO\ RQ ZKLOH WKH FRQWUROOHU LV RSHUDWLRQDO� 7KH PRWRU SRZHU
FDQ UDQJH IURP ��9'& WR ��9'& DQG LV WXUQHG RQ DQG RII ZKHQHYHU WKH URERW LV HQDEOHG RU
GLVDEOHG�

7KH SRZHU WR GULYH WKH PRWRUV DQG DQ\ UHTXLUHG EDWWHU\ EDFNXS SRZHU QHHGHG IRU DEVROXWH
HQFRGHUV LV VXSSOLHG YLD WKH 0RWRU 3RZHU ,QSXW &RQQHFWRU� 7KLV FRQQHFWRU LV DQ ��SLQ $03 ��
�������� WKDW PDWHV ZLWK D $03 �������� SOXJ�

)LJXUH ����� (LJKW�SLQ $03 ���������� &RQQHFWRU DQG $03 �������� 3OXJ

$V D FRQYHQLHQFH� WKLV FRQQHFWRU LQFOXGHV �(QDEOH DPSOLILHU ���� VLJQDOV WKDW SHUPLW WKH PRWRU SRZHU
VXSSO\ WR EH OHIW RQ FRQWLQXRXVO\� 7KHVH VLJQDOV FDQ GLVDEOH WKH SRZHU DPSOLILHUV DQG LQWHUQDOO\ FXW
RII SRZHU WR WKH PRWRUV� 7KLV LV FRQYHQLHQW WR SRZHU ERWK WKH ORJLF DQG WKH PRWRUV IURP WKH VDPH
��9'& SRZHU VXSSO\ DQG WKH VXSSO\ LV DEOH WR DEVRUE WKH HQHUJ\ SXPS XS ZKHQ WKH URERW LV
GHFHOHUDWLQJ�

7R HQDEOH WKH PRWRU DPSOLILHUV� WKH IROORZLQJ VLJQDOV SLQV PXVW EH FRQQHFWHG�

����� ���

6HH WKH &RQQHFWLQJ 3RZHU DQG (QDEOLQJ 0RWRU 3RZHU VHFWLRQ RI WKLV PDQXDO IRU JHQHUDO LQIRUPDWLRQ
FRQFHUQLQJ HQDEOLQJ PRWRU SRZHU�

DQFRGHUV
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%URRNV $XWRPDWLRQ �� +DUGZDUH



�� +DUGZDUH 5HIHUHQFH *XLGDQFH ���� &RQWUROOHUV
&RQWUROOHU &RQQHFWRUV 3DUW 1XPEHU� ������ 5HY� $

,I D UHPRWH IURQW SDQHO� 0&3 ZLWK (�6WRS RU D (�6WRS EXWWRQ LV QRW LQWHUIDFHG WR WKLV FRQQHFWRU� WKH IROORZLQJ SLQV RQ WKH IURQW SDQHO FRQQHFWRU PXVW EH MXPSHUHG LQ RUGHU IRU WKH FRQWUROOHU WR RSHUDWH SURSHUO\� �7KHFRQWUROOHU LV VKLSSHG ZLWK WKHVH MXPSHUV LQVWDOOHG��

���� ���

7KH SLQ RXW IRU WKH 5HPRWH )URQW 3DQHO &RQQHFWRU LV GHVFULEHG LQ 7DEOH ����

3LQ 'HVFULSWLRQ

�

(6723B/ � �,I QR IURQW SDQHO RU (�6WRS QRW



%URRNV $XWRPDWLRQ �� +DUGZDUH 5HIHUHQFH
3DUW 1XPEHU� ������ 5HY� $ &RQWUROOHU &RQQHFWRUV

56���� $XWR�0DQXDO &RQQHFWRU

7KH 56�����$XWR�0DQXDO FRQQHFWRU LV D PXOWL�IXQFWLRQ LQWHUIDFH WKDW SURYLGHV ERWK DQ 56���� VHULDO
SRUW DQG $XWR�0DQXDO VLJQDOV WKDW DUH SDUW RI WKH VDIHW\ V\VWHP IRU D PXOWLSOH FRQWUROOHU QHWZRUN�
7KHVH VLJQDOV DUH SURYLGHG RQ D VLQJOH ���SLQ -67 6��%�3+'66�/)��61� FRQQHFWRU WKDW PDWHV
ZLWK D -67 3+'5���96 SOXJ�

)LJXUH ����� 7HQ�SLQ -67 6��%�3+'66�/)��61� &RQQHFWRU DQG -67 3+'5���96 3OXJ

7KH 56���� SRUW LV WKH SULPDU\ VHULDO FRQVROH SRUW DQG FDQ DOVR EH DFFHVVHG E\ *3/ SURFHGXUHV DV
GHYLFH �GHY�FRP��

7KH $XWR�0DQXDO VLJQDOV DUH QRUPDOO\ FRQQHFWHG WR DQ $XWR�0DQXDO NH\ VZLWFK RQ WKH IURQW SDQHO
IRU WKH PDVWHU FRQWUROOHU LQ D IXOO\ FRPSOLDQW &DWHJRU\ � �&$7��� 6DIHW\ V\VWHP IRU ODUJH URERWV�
6LQFH PRVW DSSOLFDWLRQV RI WKH *XLGDQFH ���� DUH OLPLWHG WR ORZ SRZHU PHFKDQLVPV� WKLV OHYHO RI
VDIHW\ LV QRW UHTXLUHG DQG MXPSHUV VKRXOG EH LQVWDOOHG RQ WKH IROORZLQJ SLQV WR SHUPLW WKH FRQWUROOHU WR
RSHUDWH �WKH FRQWUROOHU LV VKLSSHG ZLWK WKHVH MXPSHUV LQVWDOOHG��

���� ���

7KH SLQ RXW IRU WKH 56���� $XWR�0DQXDO &RQQHFWRU LV GHVFULEHG LQ 7DEOH ����

3LQ 'HVFULSWLRQ

�

$XWR�0DQXDO � �,I QR $XWR�0DQXDO VZLWFK� FRQQHFW WR SLQ ��� ,QSXW VLJQDO �����9'&� WKDW LV KLJK WR
LQGLFDWH WKDW WKH V\VWHP LV EHLQJ RSHUDWHG LQ D IXOO\ DXWRPDWLF PRGH RU ORZ RU RSHQ IRU PDQXDO
RSHUDWLRQ� 7KLV LV QRUPDOO\ FRQWUROOHG E\ D NH\ VZLWFK RQ WKH 5HPRWH )URQW 3DQHO RI WKH PDVWHU
FRQWUROOHU� 'XULQJ 0DQXDO 0RGH� RQO\ -RJ PRGH PRWLRQV DUH SHUPLWWHG DQG WKH VHUYRV UHVWULFW WKH D[HV
WR VSHFLDO �0DQXDO PRGH PD[ WRUTXH �� DQG �0DQXDO PRGH VSHHG OLPLWV� WR HQVXUH WKDW WKH V\VWHP FDQ
EH VDIHO\ PDQXDOO\ RSHUDWHG� :KHQ WKLV VLJQDO FKDQJHV IURP $XWR WR 0DQXDO� PRWRU SRZHU LV
DXWRPDWLFDOO\ WXUQHG RII DQG PXVW EH UH�HQDEOHG WR PRYH WKH URERW� 7KH $XWR�0DQXDO VLJQDO LV GDLV\
FKDLQHG WR DOO FRQWUROOHUV LQ WKH VHUYR QHWZRUN�

�
7HVW $XWR�0DQXDO �� 2XWSXW VLJQDO WKDW� ZKHQ ORZ� IRUFHV WKH $XWR�0DQXDO � VLJQDO WR 0DQXDO PRGH�
7KH 6\VWHP 6RIWZDUH WRJJOHV WKLV VLJQDO ORZ DW VWDUWXS WR YHULI\ WKDW WKH $XWR�0DQXDO LQSXWV DUH SURSHUO\
ZRUNLQJ� 7KLV VLJQDO LV QRUPDOO\ KHOG KLJK ���9'&��

7DEOH 0⸸㌲⠀䘩〮〰〰㌨R⤭〮ㄵ㈳㐨P⤭〮〰㜷㔨�⤭〮ㄵ㈳㐨ㄵ㈲〩ⴰ⸸㜷〠〠㌴⠀ᬩⴰ⸱㔲㌴⠀ᴩⴰ⸰〷㜸嵔䨊䕔ੂ吊⽆ㄠㄳ⸳㌠呦਱‰㌰‱‵㈲　

���'SWR�0DR&RQQHFWRU3LQ2SW& RS\ULJKW



�� +DUGZDUH 5HIHUHQFH *XLGDQFH ���� &RQWUROOHUV
&RQWUROOHU &RQQHFWRUV 3DUW 1XPEHU� ������ 5HY� $

3LQ 'HVFULSWLRQ

� $XWR�0DQXDO � �,I QR $XWR�0DQXDO VZLWFK� FRQQHFW WR SLQ ��� 5HGXQGDQW $XWR�0DQXDO LQSXW VLJQDO�

� 7HVW $XWR�0DQXDO �� 5HGXQGDQW $XWR�0DQXDO WHVW VLJQDO�

� $XWR�0DQXDO � GDLV\ FKDLQ� 7KLV SLQ LV WLHG WR SLQ � DQG LV SURYLGHG WR DOORZ WKH $XWR�0DQXDO � VLJQDO WR
EH HDVLO\ GDLV\ FKDLQHG WR WKH QH[W FRQWUROOHU LQ WKH VHUYR QHWZRUN�

� $XWR�0DQXDO � GDLV\ FKDLQ� 7KLV SLQ LV WLHG WR SLQ � DQG LV SURYLGHG WR DOORZ WKH $XWR�0DQXDO � VLJQDO WR
EH HDVLO\ GDLV\ FKDLQHG WR WKH QH[W FRQWUROOHU LQ WKH VHUYR QHWZRUN�

� 7;' � FRQWUROOHU WUDQVPLW GDWD

� *1'

� 5;' � FRQWUROOHU UHFHLYH GDWD

�� *1'

8VHU
3OXJ
3DUW
1R

-67 3+'5���96�� )RU WKLV SOXJ� XVH -67 63+'����7�3��� SLQV�

56���� � 0RWRU 3RZHU (QDEOH �2SWLRQDO�

�5(48,5(6 ,2 '$8*+7(5 %2$5'� 7KLV RSWLRQDO PXOWL�IXQFWLRQ LQWHUIDFH SURYLGHV D JHQHUDO
SXUSRVH 56���� VHULDO SRUW DQG UHGXQGDQW RXWSXW VLJQDOV WKDW FDQ FRQWURO WXUQLQJ RQ DQG RII WKH
H[WHUQDO PRWRU SRZHU VXSSO\� 7KHVH VLJQDOV DUH SURYLGHG RQ D VLQJOH ���SLQ -67 6��%�3+'66�/)�
�61� FRQQHFWRU WKDW PDWHV ZLWK D -67 3+'5���96 SOXJ�

)LJXUH ����� 7HQ�SLQ -67 6��%�3+'66�/)��61� &RQQHFWRU DQG -67 3+'5���96 3OXJ

7KH PRWRU SRZHU HQDEOH VLJQDOV DUH FRQILJXUHG DV D UHGXQGDQW SDLU RI VLQNLQJ VLJQDOV�� 7KHVH
VKRXOG EH ZLUHG WR D SDLU RI UHOD\V WKDW DUH FRQQHFWHG LQ VHULHV WR HQDEOH DQG GLVDEOH WKH PRWRU
SRZHU VXSSO\� 1RUPDOO\� � WR ��9'& LV DSSOLHG WR WKLV FRQWURO FLUFXLW� 7KH H[WHUQDO PRWRU SRZHU
VXSSO\ VKRXOG EH WXUQHG RQ ZKHQ WKH FRQWUROOHU
V ORJLF VZLWFKHV WKH �SRZHU HQDEOH � VLJQDOV WR
JURXQG� 7KHVH VLJQDOV DUH DXWRPDWLFDOO\ RSHQHG ZKHQ DQ (�6WRS RU RWKHU FRQGLWLRQ RFFXUV WKDW

�� &RS\ULJKW � ����� %URRNV $XWRPDWLRQ



%URRNV $XWRPDWLRQ �� +DUGZDUH 5HIHUHQFH
3DUW 1XPEHU� ������ 5HY� $ &RQWUROOHU &RQQHFWRUV

UHTXLUHV WKDW WKH DPSOLILHUV EH VKXWGRZQ� 6HH WKH &RQQHFWLQJ 3RZHU DQG (QDEOLQJ 0RWRU 3RZHU
VHFWLRQ RI WKLV PDQXDO IRU JHQHUDO LQIRUPDWLRQ FRQFHUQLQJ HQDEOLQJ PRWRU SRZHU�

7KH SLQ RXW IRU WKH 56���� � 0RWRU 3RZHU (QDEOH &RQQHFWRU LV GHVFULEHG LQ 7DEOH �����

3LQ 'HVFULSWLRQ

� 0RWRU SRZHU HQDEOH�� 6ZLWFKHG WR JURXQG ZKHQ SRZHU LV EHLQJ HQDEOHG� &DSDEOH RI VLQNLQJ � $

W



�� +DUGZDUH



%URRNV $XWRPDWLRQ �� +DUGZDUH 5HIHUHQFH
3DUW 1XPEHU� ������ 5HY� $ 3URFHVVRU %RDUG �0,'6�� -XPSHUV

3LQ 'HVFULSWLRQ

� ���9'& LQSXW

� *1'

8VHU 3OXJ 3DUW
1R

$03 ��������� 8VH DQ $03 ������� KDQG WRRO DQG $03 ���������� VRFNHWV IRU ZLULQJ WR WKH
SOXJ�

7DEOH ����� 3LQ 'HVFULSWLRQV

3URFHVVRU %RDUG �0,'6�� -XPSHUV

7KH KLJK SHUIRUPDQFH SURFHVVRU ERDUG �0,'6�� KDV D QXPEHU RI KDUGZDUH MXPSHUV WKDW GHWHUPLQH
WKH FRQILJXUDWLRQ RI VRPH EDVLF V\VWHP KDUGZDUH DQG VRIWZDUH IXQFWLRQV� 'HSHQGLQJ XSRQ WKH
MXPSHU W\SH� WKHUH PD\ EH WZR� WKUHH� RU ILYH SRVWV� 3RVWV DUH WLHG �VKRUWHG� WRJHWKHU XVLQJ EODFN
MXPSHU SOXJV� 7KH ILYH ZLGH MXPSHU SRVWV IRU FRQILJXULQJ WKH GLJLWDO RXWSXW VLJQDOV DUH VKRZQ LQ
)LJXUH �����

)LJXUH ����� -XPSHU 3RVWV

7KH ORFDWLRQV RI HDFK RI WKH VHWV RI MXPSHUV RI LQWHUHVW DUH LOOXVWUDWHG LQ )LJXUH ���� DQG DUH
LGHQWLILHG E\ VWHQFLOHG ODEHOV RQ WKH VXUIDFH RI WKH 0,'6� ERDUG�

&RS\ULJKW � ����� %URRNV $XWRPDWLRQ ��



�� +DUGZDUH 5HIHUHQFH *XLGDQFH ����



%URRNV $XWRPDWLRQ �� +DUGZDUH 5HIHUHQFH
3DUW 1XPEHU� ������ 5HY� $ 3URFHVVRU %RDUG �0,'6�� -XPSHUV

-XPSHUV 'HVFULSWLRQ 6HWWLQJ

-� 'LJLWDO
,QSXWV
6LQN�6RXUFH

7KHVH MXPSHUV GHWHUPLQH LI DOO IRXU RI WKH 6WDQGDUG *HQHUDO 3XUSRVH 'LJLWDO
,QSXW 6LJQDOV DUH �VLQNLQJ� RU �VRXUFLQJ�� 7KHUH LV MXVW RQH VHW RI WKUHH SRVWV DQG
WKHLU VHWWLQJ GLFWDWHV WKH EHKDYLRU RI DOO IRXU LQSXWV� 3LQ � LV WR WKH ULJKW�PRVW SRVW
DQG SLQ � LV WR WKH OHIW�PRVW� $V VKLSSHG IURP WKH IDFWRU\� WKH LQSXWV DUH VHW WR
VRXUFLQJ�

)RU 6LQNLQJ�
-��� 72 -��
�

)RU
6RXUFLQJ�
-��� 72 -��
�

-� 'LJLWDO
2XWSXWV
6LQN�6RXUFH

7KHVH MXPSHUV GHWHUPLQH LI HDFK RI WKH 6WDQGDUG *HQHUDO 3XUSRVH 'LJLWDO
2XWSXW 6LJQDOV LV �VLQNLQJ� RU �VRXUFLQJ�� 7KHVH MXPSHUV FRQVLVW RI IRXU URZV RI
ILYH SRVWV�� (DFK URZ GHWHUPLQHV WKH VHWWLQJ IRU D VLQJOH GLJLWDO RXWSXW� 7KH WRS
URZ FRUUHVSRQGV WR WKH ILUVW GLJLWDO RXWSXW VLJQDO� 7ZR MXPSHUV PXVW EH VHW LQ
HDFK URZ� :LWKLQ HDFK URZ� SLQ � LV WKH ULJKW�PRVW SRVW DQG SLQ � LV WKH OHIW�PRVW��
$V VKLSSHG IURP WKH IDFWRU\� WKH RXWSXWV DUH VHW WR VLQNLQJ�

)RU 6LQNLQJ�
-��� 72 -��
�
-��� 72 -��
�

)RU
6RXUFLQJ�
-��� 72 -��
�
-��� 72 -��
�





%URRNV $XWRPDWLRQ �� +DUGZDUH 5HIHUHQFH
3DUW 1XPEHU� ������ 5HY� $ /RZ 9ROWDJH 3RZHU 6XSSO\

*HQHUDO 6SHFLILFDWLRQ 5DQJH

,QSXW YROWDJH �� � ��� 9$&

,QSXW IUHTXHQF\ �� � �� +]

2XWSXW YROWDJH �� 9'&

2XWSXW SRZHU ��� ZDWWV

2SHUDWLQJ WHPSHUDWXUH � � �� GHJ &

6WRUDJH WHPSHUDWXUH ��� � �� GHJ &

'LPHQVLRQV ��� [ ���� [ ���� PP

3UHFLVH)OH[ 3DUW 1XPEHU 36���(3������

7DEOH ����� 0HDQ :HOO 3�1 336������� 6SHFLILFDWLRQV

&RS\ULJKW � ����� %URRNV $XWRPDWLRQ ��



�� 7KLUG 3DUW\ (TXLSPHQW *XLGDQFH ���� &RQWUROOHUV
7KLUG 3DUW\ (TXLSPHQW 3DUW 1XPEHU� ������ 5HY� $

�� 7KLUG 3DUW\ (TXLSPHQW

7KLUG 3DUW\ (TXLSPHQW

7KLV VHFWLRQ FRQWDLQV LQVWUXFWLRQV RQ



%URRNV $XWRPDWLRQ �� 7KLUG 3DUW\ (TXLSPHQW
3DUW



�� 7KLUG 3DUW\ (TXLSPHQW *XLGDQFH ���� &RQWUROOHUV
7DPDJDZD 6HULDO



%URRNV $XWRPDWLRQ �� 7KLUG 3DUW\ (TXLSPHQW
3DUW 1XPEHU� ������ 5HY� $ <DVNDZD 6LJPD ,, 6HULDO $EVROXWH (QFRGHU

([WHUQDO %DWWHU\ 6SHFLILFDWLRQ

$ODUP WULJJHU YROWDJH ��� 9

&XUUHQW IRU HDFK HQFRGHU ��� X$

<DVNDZD 6LJPD ,, 6HULDO $EVROXWH (QFRGHU

7KLV



�� 7KLUG 3DUW\ (TXLSPHQW *XLGDQFH ���� &RQWUROOHUV
<DVNDZD 6LJPD ,, 6HULDO $EVROXWH
(QFRGHU 3DUW 1XPEHU� ������ 5HY� $

0RWRU &RQQHFWRU 3LQ :LUH &RORU 6LJQDO 1DPH *���� &RQQHFWRU 3LQ

� %/8( : �

� *5((1�<(//2: )* �

� 5(' %5$.(� �

� %/$&. %5$.(� �



%URRNV $XWRPDWLRQ �� $SSHQGLFHV
3DUW 1XPEHU� ������ 5HY� $

�� $SSHQGLFHV

&RS\ULJKW � �����





%URRNV $XWRPDWLRQ �� $SSHQGLFHV
3DUW 1XPEHU� ������ 5HY� $ $SSHQGL[ $� 3URGXFW 6SHFLILFDWLRQV

*HQHUDO
6SHFLILFDWLRQ 5DQJH 	 )HDWXUHV

*HQHUDO
&RPPXQLFDWLRQV

7ZR ������ 0ESV (WKHUQHW SRUWV
56���� SRUW
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