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(DFK�RI�WKHVH�FKLSV�XWLOL]H�D�VLPLODU�DUFKLWHFWXUH��FRQVLVWLQJ�RI�D�KLJK�VSHHG�'63��'LJLWDO�6LJQDO
3URFHVVRU��FRPSXWDWLRQ�XQLW��DORQJ�ZLWK�DQ�$6,&��$SSOLFDWLRQ�6SHFLILF�,QWHJUDWHG�&LUFXLW���7KH
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VXLWHG�IRU�WKH�WDVN�RI�PRWLRQ�FRQWURO�

$ORQJ�ZLWK�VLPLODU�KDUGZDUH�DUFKLWHFWXUH�WKHVH�FKLSV�DOVR�VKDUH�PRVW�VRIWZDUH�FRPPDQGV��VR�WKDW
VRIWZDUH�ZULWWHQ�IRU�RQH�FKLSVHW�PD\�EH�UH�XVHG�ZLWK�DQRWKHU��HYHQ�WKRXJK�WKH�W\SH�RI�PRWRU�PD\�EH
GLIIHUHQW�

(DFK�FKLSVHW�FRQVLVWV�RI�WZR�34)3��3ODVWLF�4XDG�)ODW�3DFN��,&V��D�����SLQ�,QSXW�2XWSXW��,�2�
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EUXVKOHVV�VHUYR�PRWRUV�KDYLQJ�H[WHUQDO�FRPPXWDWLRQ�

0&�����6HULHV��0&������0&������0&������²�7KHVH�RXWSXW�VLQXVRLGDOO\�FRPPXWDWHG�PRWRU
VLJQDOV�DSSURSULDWH�IRU�GULYLQJ�EUXVKOHVV�PRWRUV��'HSHQGLQJ�RQ�WKH�PRWRU�W\SH��WKH�RXWSXW�LV�D�WZR�
SKDVH�RU�WKUHH�SKDVH�VLJQDO�LQ�HLWKHU�3:0�RU�'$&�FRPSDWLEOH�IRUPDW�

0&�����6HULHV��0&������0&������0&������²�7KHVH�FKLSVHWV�SURYLGH�PLFURVWHSSLQJ�VLJQDOV�IRU
VWHSSLQJ�PRWRUV��7ZR�SKDVHG�VLJQDOV�SHU�D[LV�DUH�JHQHUDWHG�LQ�HLWKHU�3:0�RU�'$&�FRPSDWLEOH
IRUPDW�

0&�����6HULHV��0&������0&������0&��������7KHVH�FKLSVHWV�SURYLGH�KLJK�VSHHG�SXOVH�DQG
GLUHFWLRQ�VLJQDOV�IRU�VWHSSLQJ�PRWRU�V\VWHPV�
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GLVWULEXWH�WKH�GHVLUHG�PRWRU�WRUTXH�WR���RU���SKDVHG�RXWSXW�FRPPDQGV��:LWK�WKH�0&�����FKLSVHW
�EUXVKHG�VHUYR��FRPPXWDWLRQ�LV�QRW�SHUIRUPHG��DQG�WKH�VLQJOH�SKDVH�PRWRU�FRPPDQG�LV�RXWSXW
GLUHFWO\�

)RU�WKH�VWHSSLQJ�PRWRU�FKLSVHWV��0&�����DQG�0&������WKH�RXWSXW�RI�WKH�WUDMHFWRU\�JHQHUDWRU�LV
FRQYHUWHG�WR�HLWKHU�PLFURVWHSSLQJ�VLJQDOV�RU�SXOVH�DQG�GLUHFWLRQ�VLJQDOV�DQG�WKHQ�RXWSXW�DFFRUGLQJO\�
0LFURVWHSSLQJ�VLJQDOV�DUH�RXWSXW�LQ�HLWKHU�3:0�RU�'$&�IRUPDW�
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&RPPXQLFDWLRQ�WR�IURP�WKH�1DYLJDWRU�PRWLRQ�SURFHVVRUV�LV�DFFRPSOLVKHG�XVLQJ�D�SDUDOOHO�EXV
PLFURSURFHVVRU�VW\OH�LQWHUIDFH�DQG�RU�DQ�DV\QFKURQRXV�VHULDO�SRUW��,I�SDUDOOHO�EXV�FRPPXQLFDWLRQ�LV
XVHG�WKHUH�LV�D�IXUWKHU�FKRLFH�RI���ELW�ZLGH�WUDQVIHUV�RU����ELW�ZLGH�WUDQVIHUV��7KLV�DOORZV�D�UDQJH�RI
PLFURSURFHVVRUV�DQG�GDWD�EXVHV�WR�EH�LQWHUIDFHG�WR��,I�VHULDO�FRPPXQLFDWLRQV�DUH�XVHG�WKHQ�WKH�XVHU
VHOHFWV�SDUDPHWHUV�VXFK�DV�EDXG�UDWH��QXPEHU�RI�VWRS�VWDUW�ELWV��DQG�WKH�WUDQVIHU�SURWRFRO��7KH
WUDQVIHU�SURWRFRO�FDQ�EH�HLWKHU�SRLQW�WR�SRLQW��DSSURSULDWH�IRU�VLQJOH�FKLSVHW�V\VWHPV��RU�PXOWL�GURS
�DSSURSULDWH�IRU�VHULDO�FRPPXQLFDWLRQV�WR�PXOWLSOH�FKLSVHWV��

&RPPXQLFDWLRQ�WR�IURP�WKH�1DYLJDWRU�FKLSVHWV�RFFXUV�XVLQJ�VKRUW�FRPPDQGV�VHQW�RU�UHFHLYHG�DV�D
VHTXHQFH�RI�E\WHV�DQG�ZRUGV��7KHVH�SDFNHWV�FRQWDLQ�DQ�LQVWUXFWLRQ�FRGH�ZRUG�WKDW�WHOOV�WKH�PRWLRQ
SURFHVVRU�ZKDW�RSHUDWLRQ�LV�EHLQJ�UHTXHVWHG��,W�PLJKW�DOVR�FRQWDLQ�GDWD�VHQW�WR�WKH�PRWLRQ�SURFHVVRU�
RU�GDWD�UHFHLYHG�IURP�WKH�PRWLRQ�SURFHVVRU�

7KHVH�FRPPDQGV�DUH�VHQW�E\�D�KRVW�PLFURSURFHVVRU�RU�KRVW�FRPSXWHU�WKDW�H[HFXWHV�D�VXSHUYLVRU
SURJUDP��WKHUHE\�SURYLGLQJ�RYHUDOO�V\VWHP�FRQWURO��7KH�1DYLJDWRU�PRWLRQ�SURFHVVRUV�DUH�GHVLJQHG�WR
IXQFWLRQ�DV�WKH�PRWLRQ�HQJLQH��PDQDJLQJ�KLJK�VSHHG�GHGLFDWHG�PRWLRQ�IXQFWLRQV�VXFK�DV�WUDMHFWRU\
JHQHUDWLRQ��VDIHW\�PRQLWRULQJ��HWF��ZKLOH�WKH�KRVW�VRIWZDUH�SURJUDP�SURYLGHV�WKH�RYHUDOO�PRWLRQ
VHTXHQFHV�

2WKHU�PDMRU�IXQFWLRQV�RI�WKH�1DYLJDWRU�FKLSVHWV�LQFOXGH�

%UHDNSRLQWV���%UHDNSRLQWV�DOORZ�YDULRXV�VLJQDOV��SDUDPHWHUV��RU�FRQGLWLRQV�WR�EH�PRQLWRUHG�DQG
FRPSDUHG�DJDLQVW�D�VHWSRLQW�FRQGLWLRQ�YDOXH��%UHDNSRLQWV�FDQ�EH�SURJUDPPHG�WR�DXWRPDWLFDOO\�DGMXVW
WKH�FKLSVHW�EHKDYLRU�ZKHQ�WKH�FRQGLWLRQ�LV�VDWLVILHG��7KLV�LV�XVHIXO�IRU�IXQFWLRQV�VXFK�DV��FKDQJH�WKH
WUDMHFWRU\�YHORFLW\�ZKHQ�D�VLJQDO�JRHV�KLJK��

'LDJQRVWLF�SDUDPHWHU�FDSWXUH��'LDJQRVWLF�SDUDPHWHU�FDSWXUH�DOORZV�XS�WR�IRXU�FKLSVHW�SDUDPHWHUV�WR
EH�VWRUHG�DXWRPDWLFDOO\�LQWR�DQ�H[WHUQDO�5$0�FKLS�IRU�ODWHU�H[DPLQDWLRQ�E\�WKH�KRVW��7KLV�IDFLOLW\
PDNHV�LW�HDV\�WR�JHQHUDWH�YHU\�DFFXUDWH�JUDSKV�RI�VHUYR�SHUIRUPDQFH��WUDMHFWRU\�LQIRUPDWLRQ��HWF��
ZLWKRXW�DQ\�UHDO�WLPH�GDWD�FROOHFWLRQ�LQYROYHPHQW�E\�WKH�KRVW�

0RWLRQ�HUURU��WUDFNLQJ�ZLQGRZ��DQG�VHWWOH�ZLQGRZ��WKHVH�IXQFWLRQV�SHUIRUP�DXWRPDWLF�PRQLWRULQJ�RI
WKH�SRVLWLRQ�HUURU��WKH�GLIIHUHQFH�EHWZHHQ�WKH�GHVLUHG�SRVLWLRQ�DQG�WKH�DFWXDO�HQFRGHU�SRVLWLRQ���7KH\
DUH�XVHIXO�IRU�SHUIRUPLQJ�IXQFWLRQV�VXFK�DV��VWRS�WKH�D[LV�LI�D�SDUWLFXODU�SRVLWLRQ�HUURU�YDOXH�LV
H[FHHGHG��RU��GHILQH�WKH�PRWLRQ�DV�EHLQJ�FRPSOHWH�ZKHQ�WKH�D[LV�LV�ZLWKLQ�D�SURJUDPPHG�SRVLWLRQ
HUURU�IRU�D�SURJUDPPHG�DPRXQW�RI�WLPH��

/LPLW�VZLWFK���$OORZV�WKH�D[LV�WR�EH�DXWRPDWLFDOO\�VWRSSHG�LI�WKH�PRWLRQ�WUDYHO�LV�EH\RQG�WKH�OHJDO
UDQJH�

2WKHU�FKLSVHW�IHDWXUHV�LQFOXGH�DQDORJ�VLJQDO�LQSXW��VRIWZDUH�LQYHUWDEOH�GLJLWDO�VLJQDOV��DQG�XVHU�
GHILQHG�,�2�GHFRGLQJ��WR�QDPH�D�IHZ�

,Q�WKH�IROORZLQJ�VHFWLRQV�HDFK�RI�WKHVH�FKLSVHW�IXQFWLRQV�ZLOO�EH�GLVFXVVHG�DQG�H[SODLQHG��0RVW
FKLSVHW�IXQFWLRQV�DUH�FRPPRQ�DFURVV�DOO�1DYLJDWRU�PRWLRQ�SURFHVVRUV��+RZHYHU��VRPH�VHFWLRQV�RI
WKLV�PDQXDO�GHVFULEH�IHDWXUHV�WKDW�DSSO\�WR�SDUWLFXODU�FKLSVHWV�RQO\��)RU�H[DPSOH��VHUYR�ILOWHULQJ
DSSOLHV�WR�WKH�0&�����6HULHV�DQG�0&�����6HULHV�RQO\��,I�WKLV�LV�WKH�FDVH�WKHQ�WKHVH�VHFWLRQV�ZLOO�EH
FOHDUO\�PDUNHG�DV�VXFK�
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��������7UDMHFWRU\�*HQHUDWLRQ

��� 7UDMHFWRULHV��SURILOHV��DQG�SDUDPHWHUV

7KH�WUDMHFWRU\�JHQHUDWRU�SHUIRUPV�FDOFXODWLRQV�WR�GHWHUPLQH�WKH�LQVWDQWDQHRXV�SRVLWLRQ��YHORFLW\�DQG
DFFHOHUDWLRQ�RI�WKH�GHVLUHG�FKLSVHW�DW�DQ\�JLYHQ�PRPHQW�LQ�WLPH��7KHVH�YDOXHV�DUH�FDOOHG�WKH�FRPPDQGHG
YDOXHV��'XULQJ�D�SURILOH�PRWLRQ�VRPH�RU�DOO�RI�WKHVH�SDUDPHWHUV�ZLOO�FKDQJH�FRQWLQXRXVO\��2QFH�WKH
SURILOH�PRYH�LV�FRPSOHWH�WKHVH�SDUDPHWHUV�ZLOO�VWD\�DW�WKH�VDPH�YDOXH�XQWLO�D�QHZ�PRYH�LV�VWDUWHG�

7R�TXHU\�WKH�LQVWDQWDQHRXV�FRPPDQGHG�SURILOH�YDOXHV�WKH�FRPPDQGV�GetCommandedPosition�
GetCommandedVelocity��DQG�GetCommandedAcceleration�DUH�XVHG�

7KURXJKRXW�WKLV�PDQXDO�YDULRXV�FRPPDQG�PQHPRQLFV�ZLOO�EH�VKRZQ�WR�FODULI\�FKLSVHW
XVDJH�RU�SURYLGH�VSHFLILF�H[DPSOHV��6HH�WKH�1DYLJDWRU�3URJUDPPHUV�5HIHUHQFH�0DQXDO�IRU
PRUH�LQIRUPDWLRQ�RQ�KRVW�FRPPDQGV��QRPHQFODWXUH��DQG�V\QWD[�

7KH�VSHFLILF�SURILOH�WKDW�LV�FUHDWHG�E\�WKH�1DYLJDWRU�GHSHQGV�RQ�VHYHUDO�IDFWRUV�LQFOXGLQJ�WKH
SUHVHQWO\�VHOHFWHG�SURILOH�PRGH��WKH�SUHVHQWO\�VHOHFWHG�SURILOH�SDUDPHWHUV��DQG�RWKHU�V\VWHP
FRQGLWLRQV�VXFK�DV�ZKHWKHU�D�PRWLRQ�VWRS�KDV�EHHQ�UHTXHVWHG��)RXU�WUDMHFWRU\�SURILOH�PRGHV�DUH
VXSSRUWHG�

��6�FXUYH�SRLQW�WR�SRLQW

��7UDSH]RLGDO�SRLQW�WR�SRLQW

��9HORFLW\�FRQWRXULQJ

��(OHFWURQLF�JHDULQJ

7KH�RSHUDWLRQ�RI�WKHVH�SURILOH�PRGHV�ZLOO�EH�H[SODLQHG�LQ�GHWDLO�LQ�VXEVHTXHQW�VHFWLRQV��7KH
FRPPDQG�XVHG�WR�VHOHFW�WKH�SURILOH�PRGH�LV�SetProfileMode��7KH�FRPPDQG�GetProfileMode
UHWULHYHV�WKH�SURJUDPPHG�SURILOH�PRGH�

7KH�SURILOH�PRGH�PD\�EH�SURJUDPPHG�LQGHSHQGHQWO\�IRU�HDFK�D[LV��)RU�H[DPSOH�D[LV����PD\�EH�LQ
WUDSH]RLGDO�PRGH�ZKLOH�D[LV����LV�LQ�6�FXUYH�SRLQW�WR�SRLQW�

:LWK�RQH�H[FHSWLRQ��1DYLJDWRU�PRWLRQ�SURFHVVRUV�FDQ�VZLWFK�IURP�RQH�SURILOH�WR�DQRWKHU�ZKLOH�DQ
D[LV�LV�LQ�PRWLRQ��7KH�H[FHSWLRQ��ZKHQ�VZLWFKLQJ�WR�WKH�6�FXUYH�SRLQW�WR�SRLQW�SURILOH�IURP�DQ\�RWKHU
SURILOH��WKH�D[LV�PXVW�EH�DW�UHVW�

��� 7UDSH]RLGDO�SRLQW�WR�SRLQW�SURILOH

The following table summarizes the host specified profile parameters for the trapezoidal point to point
profile mode:

3URILOH�3DUDPHWHU ZRUG�VL]H 5DQJH

3RVLWLRQ 32 bits � 2,147,483,648 WR�2,147,483,647�counts
9HORFLW\ 32 bits 0 to 16,383+65,535/65,536 counts/cycle
$FFHOHUDWLRQ 32 bits 0 to 16,383+65,535/65,536 counts/cycle2

'HFHOHUDWLRQ 32 bits 0 to 16,383+65,535/65,536 counts/cycle2
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7KH�KRVW�LQVWUXFWLRQV�SetPosition��SetVelocity��SetAcceleration��DQG�SetDeceleration�ORDG�WKHVH
YDOXHV��7KH�FRPPDQGV�GetPosition��GetVelocity��GetAcceleration��DQG�GetDeceleration�UHWULHYH�WKH
SURJUDPPHG�YDOXHV

)RU�WKLV�SURILOH��WKH�KRVW�VSHFLILHV�DQ�LQLWLDO�DFFHOHUDWLRQ�DQG�GHFHOHUDWLRQ��D�YHORFLW\��DQG�D�GHVWLQDWLRQ
SRVLWLRQ��7KH�SURILOH�JHWV�LWV�QDPH�IURP�WKH�UHVXOWLQJ�FXUYH��)LJXUH����D���WKH�D[LV�DFFHOHUDWHV�OLQHDUO\
�DW�WKH�SURJUDPPHG�DFFHOHUDWLRQ�YDOXH��XQWLO�LW�UHDFKHV�WKH�SURJUDPPHG�YHORFLW\���,W�FRQWLQXHV�LQ
PRWLRQ�DW�WKDW�YHORFLW\��WKHQ�GHFHOHUDWHV�OLQHDUO\��XVLQJ�WKH�GHFHOHUDWLRQ�YDOXH��XQWLO�LW�VWRSV�DW�WKH
VSHFLILHG�SRVLWLRQ��,I�GHFHOHUDWLRQ�PXVW�EHJLQ�EHIRUH�WKH�D[LV�UHDFKHV�WKH�SURJUDPPHG�YHORFLW\��WKH
SURILOH�ZLOO�KDYH�QR�FRQVWDQW�YHORFLW\�SRUWLRQ��DQG�WKH�WUDSH]RLG�EHFRPHV�D�WULDQJOH��)LJXUH����E��

D��6LPSOH�WUDSH]RLGDO�SURILOHV

E��7UDSH]RLGDO�SURILOH�ZLWKRXW�YHORFLW\�VHJPHQW

Velocity

Velocity

T ime

Time

Velocity

T ime

change veloc i ty

change target  posi t ionA

A

V 1

V 2
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Figure 2-1. Trapezoidal point-to-point profiles

7KH�VORSHV�RI�WKH�DFFHOHUDWLRQ�DQG�GHFHOHUDWLRQ�VHJPHQWV�PD\�EH�V\PPHWULF��LI�DFFHOHUDWLRQ�HTXDOV
GHFHOHUDWLRQ��RU�DV\PPHWULF��LI�DFFHOHUDWLRQ�LV�QRW�HTXDO�WR�GHFHOHUDWLRQ��

7KH�DFFHOHUDWLRQ�SDUDPHWHU�LV�DOZD\V�XVHG�DW�WKH�VWDUW�RI�WKH�PRYH���7KHUHDIWHU��WKH�DFFHOHUDWLRQ�YDOXH
ZLOO�EH�XVHG�IRU�DFFHOHUDWLRQ�LQ�WKDW�GLUHFWLRQ��DQG�GHFHOHUDWLRQ�ZLOO�EH�XVHG�IRU�DFFHOHUDWLRQV�LQ�WKH
RSSRVLWH�GLUHFWLRQ���,I�QR�PRWLRQ�SDUDPHWHUV�DUH�FKDQJHG�GXULQJ�WKH�PRWLRQ�WKHQ�WKH�DFFHOHUDWLRQ
YDOXH�ZLOO�EH�XVHG�XQWLO�WKH�PD[LPXP�YHORFLW\�LV�UHDFKHG��DQG�WKH�GHFHOHUDWLRQ�YDOXH�ZLOO�EH�XVHG
ZKHQ�UDPSLQJ�GRZQ�WR�]HUR�

,W�LV�DFFHSWDEOH�WR�FKDQJH�DQ\�RI�WKH�SURILOH�SDUDPHWHUV�ZKLOH�WKH�D[LV�LV�PRYLQJ�LQ�WKLV�SURILOH�PRGH�
7KH�SURILOH�JHQHUDWRU�ZLOO�DOZD\V�DWWHPSW�WR�UHPDLQ�ZLWKLQ�WKH�OHJDO�ERXQGV�RI�PRWLRQ�VSHFLILHG�E\
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WKH�SDUDPHWHUV���,I��GXULQJ�WKH�PRWLRQ��WKH�GHVWLQDWLRQ�SRVLWLRQ�LV�FKDQJHG�LQ�VXFK�D�ZD\�WKDW�DQ
RYHUVKRRW�LV�XQDYRLGDEOH��WKH�SURILOH�JHQHUDWRU�ZLOO�GHFHOHUDWH�XQWLO�VWRSSHG��WKHQ�UHYHUVH�GLUHFWLRQ�WR
PRYH�WR�WKH�VSHFLILHG�SRVLWLRQ���1RWH�WKDW�VLQFH�WKH�GLUHFWLRQ�RI�DFFHOHUDWLRQ�GHFHOHUDWLRQ�LV�IL[HG�DW
WKH�VWDUW�RI�WKH�PRYH��WKH�GHFHOHUDWLRQ�YDOXH�ZLOO�EH�XVHG�ZKHQ�UDPSLQJ�XS�YHORFLW\�IRU�WKH�ILQDO
PRYH�WR�WKH�GHVWLQDWLRQ�SRVLWLRQ��7KLV�LV�VKRZQ�LQ�ILJXUH����F�

,I�D�GHFHOHUDWLRQ�YDOXH�RI����]HUR��LV�SURJUDPPHG��RU�QR�YDOXH�LV�SURJUDPPHG�OHDYLQJ�WKH�FKLSVHW
V
GHIDXOW�YDOXH�RI�]HUR��WKHQ�WKH�GHFHOHUDWLRQ�YDOXH�XVHG�ZLOO�EH�WKH�DFFHOHUDWLRQ�YDOXH�

��� 6�FXUYH�SRLQW�WR�SRLQW�SURILOH

The following table summarizes the host specified profile parameters for the S-curve point to point profile
mode:

3URILOH�3DUDPHWHU )RUPDW 5DQJH

3RVLWLRQ 32 bits � 2,147,483,648 WR�2,147,483,647 counts
9HORFLW\ 32 bits 0 to 16,383+65,535/65,536 counts/cycle
$FFHOHUDWLRQ 32 bits 0 to 16,383+65,535/65,536 counts/cycle2

'HFHOHUDWLRQ 32 bits 0 to 16,383+65,535/65,536 counts/cycle2

-HUN 32 bits 0 to 2,147,483,647/4,294,967,296 counts/cycle3

7KH�KRVW�LQVWUXFWLRQV�SetPosition, SetVelocity, SetAcceleration, SetDeceleration, and SetJerk�ORDG
WKHVH�UHVSHFWLYH�YDOXHV��7KH�FRPPDQGV�GetPosition��GetVelocity��GetAcceleration�
GetDeceleration��DQG�GetJerk�UHWULHYH�WKH�SURJUDPPHG�YDOXHV

7KH�6�FXUYH�SRLQW�WR�SRLQW�SURILOH�DGGV�D�OLPLW�WR�WKH�UDWH�RI�FKDQJH�RI�DFFHOHUDWLRQ�WR�WKH�EDVLF
WUDSH]RLGDO�FXUYH��$�QHZ�SDUDPHWHU��MHUN��LV�DGGHG�ZKLFK�VSHFLILHV�WKH�PD[LPXP�FKDQJH�LQ
DFFHOHUDWLRQ�LQ�D�VLQJOH�F\FOH�

,Q�WKLV�SURILOH�PRGH��WKH�DFFHOHUDWLRQ�JUDGXDOO\�LQFUHDVHV�IURP���WR�WKH�SURJUDPPHG�DFFHOHUDWLRQ
YDOXH��WKHQ�WKH�DFFHOHUDWLRQ�GHFUHDVHV�DW�WKH�VDPH�UDWH�XQWLO�LW�UHDFKHV���DJDLQ�DW�WKH�SURJUDPPHG
YHORFLW\��7KH�VDPH�VHTXHQFH�LQ�UHYHUVH�EULQJV�WKH�D[LV�WR�D�VWRS�DW�WKH�SURJUDPPHG�GHVWLQDWLRQ
SRVLWLRQ�
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,Q�6�FXUYH�SURILOH�PRGH��WKH�VDPH�YDOXH�PXVW�EH�XVHG�IRU�ERWK�DFFHOHUDWLRQ�DQG�GHFHOHUDWLRQ�
$V\PPHWULF�SURILOHV�DUH�QRW�DOORZHG�
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Figure 2-2. S-curve profile

)LJXUH�����VKRZV�D�W\SLFDO�6�FXUYH�SURILOH��,Q�VHJPHQW�,��WKH�6�FXUYH�SURILOH�GULYHV�WKH�D[LV�DW�WKH
VSHFLILHG�MHUN�(J) XQWLO�WKH�PD[LPXP�DFFHOHUDWLRQ�(A)�LV�UHDFKHG��7KH�D[LV�FRQWLQXHV�WR�DFFHOHUDWH
OLQHDUO\��MHUN� ����WKURXJK�6HJPHQW�,,��7KH�SURILOH�WKHQ�DSSOLHV�WKH�QHJDWLYH�YDOXH�RI�WKH�MHUN�WR
UHGXFH�DFFHOHUDWLRQ�WR���GXULQJ�6HJPHQW�,,,��7KH�D[LV�LV�QRZ�DW�PD[LPXP�YHORFLW\�(V)��DW�ZKLFK�LW
FRQWLQXHV�LQ�PRWLRQ�WKURXJK�6HJPHQW�,9��7KH�SURILOH�ZLOO�WKHQ�GHFHOHUDWH�LQ�D�PDQQHU�VLPLODU�WR�WKH
DFFHOHUDWLRQ�VWDJH��XVLQJ�WKH�MHUN�YDOXH�ILUVW�WR�UHDFK�WKH�PD[LPXP�GHFHOHUDWLRQ��$���DQG�WKHQ�WR�EULQJ
WKH�D[LV�WR�D�KDOW�DW�WKH�GHVWLQDWLRQ�

$Q�6�FXUYH�SURILOH�PLJKW�QRW�FRQWDLQ�DOO�RI�WKH�VHJPHQWV�VKRZQ�LQ�)LJXUH������)RU�H[DPSOH��LI�WKH
PD[LPXP�DFFHOHUDWLRQ�FDQQRW�EH�UHDFKHG�EHIRUH�WKH��KDOIZD\��SRLQW�WR�RU�IURP�WKH�YHORFLW\��WKH
SURILOH�ZRXOG�QRW�FRQWDLQ�D�6HJPHQW�,,�RU�D�6HJPHQW�9,��6XFK�D�SURILOH�LV�VKRZQ�LQ�ILJXUH���
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Figure 2-3.  S-curve that doesn't reach maximum acceleration
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6LPLODUO\��LI�WKH�SRVLWLRQ�LV�VSHFLILHG�VXFK�WKDW�YHORFLW\�LV�QRW�UHDFKHG��WKHUH�ZLOO�EH�QR
6HJPHQW�,9��DV�VKRZQ�LQ�ILJXUH�������7KHUH�PD\�DOVR�EH�QR�6HJPHQW�,,�RU�6HJPHQW�9,�

GHSHQGLQJ�RQ�ZKHUH�WKH�SURILOH�LV��WUXQFDWHG���
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Figure 2-4. S-curve with no maximum-velocity segment

8QOLNH�WKH�WUDSH]RLGDO�SURILOH�PRGH��WKH�6�FXUYH�SURILOH�PRGH�GRHV�QRW�VXSSRUW�FKDQJHV�WR
DQ\�RI�WKH�SURILOH�SDUDPHWHUV�ZKLOH�WKH�D[LV�LV�LQ�PRWLRQ���/LNHZLVH��WKH�D[LV�PD\�QRW�EH
VZLWFKHG�LQWR�6�FXUYH�SURILOH�PRGH�ZKLOH�WKH�D[LV�LV�LQ�PRWLRQ���,W�LV�KRZHYHU�OHJDO�WR�VZLWFK
IURP�6�FXUYH�PRGH�WR�DQ\�RWKHU�SURILOH�PRGH�ZKLOH�LQ�PRWLRQ�

��� 9HORFLW\�FRQWRXULQJ�SURILOH

The following table summarizes the host specified profile parameters for the Velocity contouring profile
mode:

3URILOH�3DUDPHWHU :RUG�VL]H 5DQJH

9HORFLW\ 32 bits -16,384 to 16,383+65,535/65,536 counts/cycle
$FFHOHUDWLRQ 32 bits 0 to 16,383+65,535/65,536 counts/cycle2

'HFHOHUDWLRQ 32 bits 0 to 16,383+65,535/65,536 counts/cycle2

7KH�KRVW�LQVWUXFWLRQV�SetVelocity��SetAcceleration��DQG�SetDeceleration�ORDG�WKHVH�UHVSHFWLYH
YDOXHV��7KH�FRPPDQGV�GetVelocity��GetAcceleration��DQG�GetDeceleration��UHWULHYH�WKH
SURJUDPPHG�YDOXHV�

8QOLNH�WKH�7UDSH]RLGDO�DQG�6�FXUYH�SURILOH�PRGHV�ZKHUH�WKH�GHVWLQDWLRQ�SRVLWLRQ�GHWHUPLQHV�WKH
GLUHFWLRQ�RI�LQLWLDO�WUDYHO��LQ�WKH�9HORFLW\�FRQWRXULQJ�SURILOH�PRGH�WKH�VLJQ�RI�WKH�YHORFLW\�SDUDPHWHU
GHWHUPLQHV�WKH�LQLWLDO�GLUHFWLRQ�RI�PRWLRQ��7KHUHIRUH�WKH�YHORFLW\�YDOXH�WKDW�LV�VHQW�WR�WKH�FKLSVHW�FDQ
KDYH�SRVLWLYH�YDOXHV��IRU�SRVLWLYH�GLUHFWLRQ�PRWLRQ��RU�QHJDWLYH�YDOXHV��IRU�QHJDWLYH�GLUHFWLRQ
PRWLRQ��
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,Q�WKLV�SURILOH��QR�GHVWLQDWLRQ�SRVLWLRQ�LV�VSHFLILHG��7KH�PRWLRQ�LV�FRQWUROOHG�HQWLUHO\�E\�FKDQJLQJ�WKH
DFFHOHUDWLRQ��YHORFLW\��DQG�GHFHOHUDWLRQ�SDUDPHWHUV�ZKLOH�WKH�SURILOH�LV�EHLQJ�H[HFXWHG�

7KH�WUDMHFWRU\�LV�H[HFXWHG�E\�FRQWLQXRXVO\�DFFHOHUDWLQJ�WKH�D[LV�DW�WKH�VSHFLILHG�UDWH�XQWLO�WKH�YHORFLW\
LV�UHDFKHG��7KH�D[LV�VWDUWV�GHFHOHUDWLQJ�ZKHQ�D�QHZ�YHORFLW\�LV�VSHFLILHG�ZKLFK�KDV�D�VPDOOHU�YDOXH��LQ
PDJQLWXGH��WKHQ�WKH�SUHVHQW�YHORFLW\��RU�KDV�D�VLJQ�WKDW�LV�RSSRVLWH�WR�WKH�SUHVHQW�GLUHFWLRQ�RI�WUDYHO�

$�VLPSOH�YHORFLW\�FRQWRXULQJ�SURILOH�ORRNV�MXVW�OLNH�D�VLPSOH�WUDSH]RLGDO�SRLQW�WR�SRLQW�SURILOH��DV
VKRZQ�LQ�)LJXUH�����

)LJXUH�����LOOXVWUDWHV�D�PRUH�FRPSOLFDWHG�SURILOH��LQ�ZKLFK�WKH�ERWK�WKH�YHORFLW\�DQG�WKH�GLUHFWLRQ�RI
PRWLRQ�FKDQJH�WZLFH�
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Figure 2-5. Velocity-contouring profile
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,Q�YHORFLW\�FRQWRXULQJ�SURILOH�PRGH�D[LV�PRWLRQ� LV�QRW�ERXQGHG�E\�D GHVWLQDWLRQ�� ,W� LV� WKH
KRVW·V�UHVSRQVLELOLW\�WR�SURYLGH�DFFHOHUDWLRQ��GHFHOHUDWLRQ��DQG�YHORFLW\�YDOXHV�ZKLFK�UHVXOW�LQ
VDIH�PRWLRQ�ZLWKLQ�DFFHSWDEOH�SRVLWLRQ�OLPLWV�

��� (OHFWURQLF�JHDU�SURILOH

The following table summarizes the host specified profile parameters for the electronic gear profile mode:

3URILOH�3DUDPHWHU ZRUG�VL]H 5DQJH

*HDU�UDWLR 32 bits -16,384 to 16,383+65,535/65,536 counts/cycle
0DVWHU�D[LV�� 4 bits 0 - 3*

0DVWHU�VRXUFH 1 bit 2 values; encoder or commanded (see below for details)


IRU�WZR�D[LV�SURGXFWV��������6LQJOH�D[LV�SURGXFWV�GR�QRW�VXSSRUW�HOHFWURQLF�JHDULQJ�

7KH�KRVW�LQVWUXFWLRQV�SetRatio��DQG�SetGearMaster�ORDG�WKHVH�UHVSHFWLYH�YDOXHV��7KH�FRPPDQGV
GetRatio�DQG�GetGearMaster�UHWULHYH�WKH�SURJUDPPHG�YDOXHV�

,Q�WKLV�SURILOH��WKH�KRVW�VSHFLILHV�WKUHH�SDUDPHWHUV��7KH�ILUVW�LV�WKH�
PDVWHU
�D[LV���ZKLFK�LV�WKH�D[LV
WKDW�ZLOO�EH�WKH�VRXUFH�RI�SRVLWLRQ�LQIRUPDWLRQ�XVHG�WR�GULYH�WKH�
VODYH
�D[LV��ZKLFK�LV�WKH�D[LV�LQ�JHDU
PRGH��7KH�VHFRQG�LV�WKH�JHDU�VRXUFH��ZKLFK�LV�HLWKHU�DFWXDO��WKH�HQFRGHU�SRVLWLRQ�RI�WKH�PDVWHU�D[LV�
RU�WKH�FRPPDQGHG��WKH�FRPPDQGHG�SRVLWLRQ�RI�WKH�PDVWHU�D[LV���7KH�WKLUG�LV�WKH�JHDU�UDWLR��ZKLFK
VSHFLILHV�WKH�GLUHFWLRQ�DQG�UDWLR�RI�PDVWHU�JHDU�FRXQWV�WR�VODYH�FRXQWV�

$�SRVLWLYH�JHDU�UDWLR�YDOXH�PHDQV�WKDW�ZKHQ�WKH�PDVWHU�D[LV�DFWXDO�RU�FRPPDQGHG�SRVLWLRQ�LV
LQFUHDVLQJ�WKH�VODYH�FRPPDQGHG�SRVLWLRQ�ZLOO�DOVR�LQFUHDVH��$�QHJDWLYH�JHDU�UDWLR�YDOXH�KDV�WKH
RSSRVLWH�HIIHFW��LQFUHDVLQJ�PDVWHU�SRVLWLRQ�ZLOO�UHVXOW�LQ�GHFUHDVLQJ�VODYH�D[LV�FRPPDQGHG�SRVLWLRQ�

)RU�H[DPSOH��OHW�XV�DVVXPH�WKH�VODYH�D[LV�LV�D[LV�����D[HV�DUH�FRXQWHG������������IRU�D�IRXU�D[LV�FKLSVHW�
DQG�WKH�PDVWHU�D[LV�LV�VHW�WR�D[LV������$OVR�DVVXPH�WKH�VRXUFH�ZLOO�EH�
DFWXDO
�ZLWK�D�JHDU�UDWLR�RI������
7KHQ�IRU�HDFK�SRVLWLYH�HQFRGHU�FRXQW�RI�D[LV����D[LV���FRPPDQGHG�SRVLWLRQ�ZLOO�GHFUHDVH�LQ�YDOXH�E\
����FRXQW��DQG�IRU�HDFK�QHJDWLYH�HQFRGHU�FRXQW�RI�D[LV���D[LV���FRPPDQGHG�SRVLWLRQ�ZLOO�LQFUHDVH�LQ
YDOXH�E\�����FRXQW�
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)LJXUH�����VKRZV�WKH�DUUDQJHPHQW�RI�HQFRGHUV�DQG�PRWRU�GULYHV�LQ�D�W\SLFDO�HOHFWURQLF�JHDULQJ
DSSOLFDWLRQ�

Master
encoder

Slave
Encoder

PMD Mot ion
Processor

Motor

Motor

Ampl i f ier

2SWLRQDO

Ampl i f ier

Figure 2-6. MC2100 set up for electronic-gearing profile

7KH�HOHFWURQLF�JHDU�SURILOH�UHTXLUHV�WZR�D[HV�WR�EH�HQDEOHG���7KH�VLQJOH�D[LV�PRWLRQ�SURFHVVRUV�
WKHUHIRUH��GR�QRW�VXSSRUW�HOHFWURQLF�JHDULQJ�LQ�D�XVHIXO�ZD\�

,I�WKH�PDVWHU�D[LV�VRXUFH�LV�VHW�WR�
DFWXDO
��WKLV�D[LV�QHHG�QRW�KDYH�D�SK\VLFDO�PRWRU�DWWDFKHG�WR�LW�
)UHTXHQWO\��LW�LV�XVHG�RQO\�IRU�LWV�HQFRGHU�LQSXW��IRU�H[DPSOH�IURP�D�GLUHFWO\�GULYHQ��RSHQ�ORRS�
PRWRU��RU�D�PDQXDO�FRQWURO��,W�LV�SRVVLEOH��KRZHYHU��WR�GULYH�D�PRWRU�RQ�WKH�PDVWHU�D[LV�E\�HQDEOLQJ
WKH�D[LV�DQG�DSSO\LQJ�D�SURILOH�PRGH�RWKHU�WKDQ�HOHFWURQLF�JHDU�WR�WKH�D[LV��7KH�HIIHFW�RI�WKLV
DUUDQJHPHQW�LV�WKDW�ERWK�PDVWHU�DQG�VODYH�FDQ�EH�GULYHQ�E\�WKH�VDPH�SURILOH��HYHQ�WKRXJK�WKH�VODYH
FDQ�GULYH�DW�D�GLIIHUHQW�UDWLR�DQG�LQ�D�GLIIHUHQW�GLUHFWLRQ�LI�GHVLUHG��7KH�PDVWHU�D[LV�ZLOO�RSHUDWH�WKH
VDPH�ZKHWKHU�RU�QRW�LW�KDSSHQV�WR�EH�WKH�PDVWHU�IRU�VRPH�RWKHU�JHDUHG�D[LV��7KH�
RSWLRQDO

FRPSRQHQWV�VKRZQ�LQ�)LJXUH�����LOOXVWUDWH�WKLV�DUUDQJHPHQW��6XFK�D�FRQILJXUDWLRQ�FDQ�EH�XVHG�WR
SHUIRUP�XVHIXO�IXQFWLRQV�VXFK�DV�OLQHDU�LQWHUSRODWLRQ�RI�WZR�D[HV�

127(6

7KH�JHDU�UDWLR�SDUDPHWHU�PD\�EH�FKDQJHG�ZKLOH� WKH�D[LV� LV� LQ�PRWLRQ��EXW�FDUH� VKRXOG�EH
WDNHQ�WR�VHOHFW�UDWLRV�VR�WKDW�VDIH�PRWLRQ�LV�PDLQWDLQHG�

��� 7KH�6HW6WRS�FRPPDQG

1RUPDOO\�HDFK�RI�WKH�DERYH�WUDMHFWRU\�SURILOH�PRGHV�ZLOO�H[HFXWH�WKH�VSHFLILHG�WUDMHFWRU\��ZLWKLQ�WKH
VSHFLILHG�SDUDPHWHU�OLPLWV��XQWLO�WKH�SURILOH�FRQGLWLRQV�DUH�VDWLVILHG��)RU�H[DPSOH��IRU�WKH�SRLQW�WR�
SRLQW�SURILOH�PRGHV�WKLV�PHDQV�WKDW�WKH�SURILOH�ZLOO�PRYH�WKH�D[LV�XQWLO�WKH�ILQDO�GHVWLQDWLRQ�SRVLWLRQ
KDV�EHHQ�UHDFKHG��DW�ZKLFK�SRLQW�WKH�D[LV�ZLOO�KDYH�D�YHORFLW\�RI�]HUR�

,Q�VRPH�FDVHV�KRZHYHU�LW�LV�QHFHVVDU\�WR�KDOW�WKH�WUDMHFWRU\�PDQXDOO\��IRU�VDIHW\�UHDVRQV��RU�VLPSO\�WR
DFKLHYH�D�SDUWLFXODU�GHVLUHG�SURILOH��7KLV�FDQ�EH�DFFRPSOLVKHG�XVLQJ�RQH�RI�WZR�PHWKRGV��DEUXSW�VWRS�
RU�VPRRWK�VWRS�

7R�SHUIRUP�D�VWRS�WKH�FRPPDQG�SetStop�LV�XVHG��7R�UHWULHYH�WKH�FXUUHQW�VWRS�PRGH�WKH�FRPPDQG
GetStop�LV�XVHG�
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AbruptStop�LQVWDQWDQHRXVO\�VWRSV�WKH�SURILOH�E\�VHWWLQJ�WKH�WDUJHW�YHORFLW\�RI�WKH�GHVLJQDWHG�D[LV�WR
]HUR��7KLV�LV��LQ�HIIHFW��DQ�HPHUJHQF\�VWRS�ZLWK�LQVWDQWDQHRXV�GHFHOHUDWLRQ�

SmoothStop�EULQJV�WKH�GHVLJQDWHG�D[LV�WR�D�FRQWUROOHG�VWRS��XVLQJ�WKH�FXUUHQW�GHFHOHUDWLRQ�SDUDPHWHU
WR�UHGXFH�WKH�YHORFLW\�WR�]HUR�

&$87,21

AbruptStop�PXVW�EH�XVHG�ZLWK�FDUH��6XGGHQ�GHFHOHUDWLRQ� IURP�D�KLJK�YHORFLW\�FDQ�GDPDJH
HTXLSPHQW�RU�FDXVH�LQMXU\�

AbruptStop�IXQFWLRQV�LQ�DOO�SURILOHV��SmoothStop�IXQFWLRQV�LQ�DOO�SURILOHV�H[FHSW�HOHFWURQLF�JHDU�

��� 0RWRU�0RGH

$OO�1DYLJDWRU�FKLSVHWV�VXSSRUW�D�SURJUDPPDEOH�PRWRU�PRGH�WKDW�FDQ�HQDEOH�DQG�GLVDEOH�WKH�SURILOH
JHQHUDWRU��DQG�IRU�WKH�VHUYR�FKLSVHWV��0&������0&������FDQ�VHW�WKH�FKLSVHWV�WR�RSHQ�ORRS�PRGH�RU
FORVHG�ORRS�PRGH�

7KH�FRPPDQG�SetMotorMode�GHWHUPLQHV�WKH�PRWRU�PRGH�DQG�WKH�FRPPDQG�GetMotorMode
UHWULHYHV�WKH�FXUUHQW�YDOXH�RI�WKH�PRWRU�PRGH�

,I�WKH�PRWRU�PRGH�LV�VHW�RQ�WKHQ�WKH�WUDMHFWRU\�JHQHUDWRU�LV�DFWLYH��,I�WKH�PRWRU�PRGH�LV�VHW�RII�WKHQ
WKH�SURILOH�JHQHUDWRU�LV�GLVDEOHG�

,Q�DGGLWLRQ��IRU�WKH�VHUYR�FKLSVHWV��0&�����DQG�0&�������LI�WKH�PRWRU�PRGH�LV�VHW�RII�WKHQ�WKH
FKLSVHW�HQWHUV�RSHQ�ORRS�PRGH�ZKLFK�PHDQV�WKH�VHUYR�ILOWHU�LV�GLVDEOHG�DQG�WKH�PRWRU�FRPPDQG��WKH
FXUUHQW�RXWSXW�OHYHO�UHTXHVWHG�E\�WKH�FKLSVHW��LV�GHWHUPLQHG�PDQXDOO\�E\�WKH�KRVW�XVLQJ�WKH�FRPPDQG
SetMotorCommand��,I�WKH�PRWRU�PRGH�LV�VHW�RQ�WKHQ�WKH�PRWRU�FRPPDQG�LV�GHWHUPLQHG�E\�WKH
VHUYR�ORRS�

7KH�PRVW�FRPPRQ�XVH�RI�WKH�PRWRU�PRGH�LQ�DQ\WKLQJ�RWKHU�WKDQ�WKH�VWDQGDUG��RQ��VWDWH�LV�DIWHU�D
PRWLRQ�HUURU��,Q�WKH�FDVH�RI�D�PRWLRQ�HUURU��DQG�LI�DXWR�VWRS�LV�HQDEOHG��WKHQ�WKH�FKLSVHW�ZLOO�VHW�WKH
PRWRU�PRGH�RII�DXWRPDWLFDOO\��WKHUHE\�SODFLQJ�LW�LQ�D�VDIH�VWDWH�ZKHUH�QR�IXUWKHU�PRWLRQ�FDQ�RFFXU
XQWLO�WKH�KRVW�H[SOLFLWO\�UHVWRUHV�WKH�PRWRU�PRGH�WR�WKH�RQ�FRQGLWLRQ��)RU�PRUH�LQIRUPDWLRQ�RQ
PRWLRQ�HUURUV�VHH�VHFWLRQ�����

)RU�WKH�VHUYR�FKLSVHWV��0&������0&������LW�PD\�DOVR�EH�XVHIXO�WR�VHW�WKH�PRWRU�PRGH�WR�RII�IRU
SXUSRVHV�RI�DPSOLILHU�FDOLEUDWLRQ�

��� 6HWWLQJ�WKH�F\FOH�WLPH

7KH�FKLSVHW�FDOFXODWHV�DOO�WUDMHFWRU\�DQG�VHUYR�LQIRUPDWLRQ�RQ�D�IL[HG��UHJXODU�LQWHUYDO��7KLV�LQWHUYDO�LV
NQRZQ�DV�WKH�F\FOH�WLPH�

)RU�HDFK�D[LV�RI�WKH�FKLSVHW�WKDW�LV�HQDEOHG�WKHUH�LV�D�PLQLPXP�F\FOH�WLPH�UHTXLUHG�IRU�WKH�FKLSVHW�WR
IXQFWLRQ�SURSHUO\��7KH�IROORZLQJ�WDEOH�VKRZV�WKLV�

&KLSVHW &\FOH�WLPH�SHU�HQDEOHG�D[LV

0&���� ����µVHF
0&���� ����µVHF
0&���� ����µVHF
0&���� 1�$

7R�FDOFXODWH�WKH�WRWDO�PLQLPXP�F\FOH�WLPH�IRU�D�JLYHQ�QXPEHU�RI�HQDEOHG�D[HV��PXOWLSO\�WKH�QXPEHU
RI�D[HV�E\�WKH�PLQLPXP�F\FOH�WLPH��)RU�H[DPSOH�IRU�DQ�0&�����ZLWK�IRXU�D[HV�HQDEOHG��WKH
PLQLPXP�ORRS�WLPH�ZRXOG�EH��[���� ������VHF��IRU�D�F\FOH�IUHTXHQF\�RI�����N+]�
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7KH�F\FOH�UDWH�GHWHUPLQHV�WKH�WUDMHFWRU\�XSGDWH�UDWH�IRU�DOO�SURGXFWV�DV�ZHOO�DV�WKH�VHUYR�ORRS
FDOFXODWLRQ�UDWH�IRU�WKH�VHUYR�SURGXFWV��0&�����DQG�0&�������,W�GRHV�QRW�KRZHYHU�GHWHUPLQH�WKH
FRPPXWDWLRQ�UDWH�RI�WKH�0&�����6HULHV�

$Q�HQDEOHG�D[LV�UHFHLYHV�LWV�F\FOH��WLPH�VOLFH��ZKHWKHU�RU�QRW�LW�LV�LQ�PRWLRQ��DQG�ZKHWKHU�RU�QRW�WKH
PRWRU�LV�RQ�RU�RII��SetMotorMode�FRPPDQG���,I�F\FOH�WLPH�LV�FULWLFDO��LW
V�SRVVLEOH�WR�UHFODLP�WKDW
WLPH�E\�GLVDEOLQJ�DQ�XQXVHG�D[LV�DQG�UHVHWWLQJ�WKH�ORRS�UDWH�ZLWK�WKH�LQVWUXFWLRQ�SetSampleTime�

)RU�H[DPSOH��XVLQJ�D�0&������IRXU�D[HV�DUH�DYDLODEOH��EXW�LI�RQO\���ZLOO�EH�XVHG�LQ�D�VSHFLILF
DSSOLFDWLRQ�WKHQ�WKH�XQXVHG�D[LV�FDQ�EH�GLVDEOHG�XVLQJ�WKH�FRPPDQG�SetAxisMode�DQG�WKH�QHZ
VDPSOH�WLPH�RI�����µVHF�FDQ�EH�VHW�XVLQJ�WKH�SetSampleTime�FRPPDQG��7KLV�LPSURYHV�WKH�F\FOH
IUHTXHQF\�IURP�����N+]�WR�������N+]�

SetSampleTime�PD\�DOVR�EH�XVHG�WR�LQFUHDVH�WKH�F\FOH�WLPH�WR�D�YDOXH�JUHDWHU�WKDQ�WKH�DOORZHG
PLQLPXP��LI�WKDW�VKRXOG�EH�QHFHVVDU\�

,W�LV�WKH�UHVSRQVLELOLW\�RI�WKH�KRVW�WR�PDNH�VXUH�WKDW�WKH�VSHFLILHG�VDPSOH�WLPH�LV�HTXDO�RU
ODUJHU�WKDQ�WKH�VSHFLILHG�PLQLPXPV�IURP�WKH�WDEOH�DERYH�
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� 7KH�6HUYR�/RRS

��� 2YHUYLHZ

)RU�WKH�VHUYR�EDVHG�FKLSVHWV��0&�����DQG�0&������D�VHUYR�ORRS�LV�XVHG�DV�SDUW�RI�WKH�EDVLF�PHWKRG
RI�GHWHUPLQLQJ�WKH�PRWRU�FRPPDQG�RXWSXW��7KH�IXQFWLRQ�RI�WKH�VHUYR�ORRS�LV�WR�PDWFK�DV�FORVHO\�DV
SRVVLEOH�WKH�FRPPDQGHG�SRVLWLRQ��ZKLFK�FRPHV�IURP�WKH�WUDMHFWRU\�JHQHUDWRU��DQG�WKH�DFWXDO�PRWRU
SRVLWLRQ�

7R�DFFRPSOLVK�WKLV�WKH�SURILOH�JHQHUDWRU�FRPPDQGHG�YDOXH�LV�FRPELQHG�ZLWK�WKH�DFWXDO�HQFRGHU�SRVLWLRQ
WR�FUHDWH�D�SRVLWLRQ�HUURU��ZKLFK�LV�WKHQ�SDVVHG�WKURXJK�D�GLJLWDO�3,'�W\SH�VHUYR�ILOWHU��7KH�VFDOHG
UHVXOW�RI�WKH�ILOWHU�FDOFXODWLRQ�LV�WKH�PRWRU�FRPPDQG��ZKLFK�LV�RXWSXW�DV�HLWKHU�D�3:0�VLJQDO�WR�WKH
PRWRU�DPSOLILHU��RU�D����ELW�LQSXW�WR�D�'�$�&RQYHUWHU�

����� 3,'�ORRS�DOJRULWKP

7KH�VHUYR�ILOWHU�XVHG�ZLWK�WKH�0&�����DQG�0&�����FKLSVHWV�LV�D�SURSRUWLRQDO�LQWHJUDO�GHULYDWLYH
�3,'��DOJRULWKP��ZLWK�YHORFLW\�DQG�DFFHOHUDWLRQ�IHHGIRUZDUG�WHUPV�DQG�DQ�RXWSXW�VFDOH�IDFWRU��$Q
LQWHJUDWLRQ�OLPLW�SURYLGHV�DQ�XSSHU�ERXQG�IRU�WKH�DFFXPXODWHG�HUURU��$Q�RSWLRQDO�ELDV�YDOXH�FDQ�EH
DGGHG�WR�WKH�ILOWHU�FDOFXODWLRQ�WR�SURGXFH�WKH�ILQDO�PRWRU�RXWSXW�FRPPDQG��$�OLPLWLQJ�YDOXH�IRU�WKH
ILOWHU�RXWSXW�SURYLGHV�DGGLWLRQDO�FRQVWUDLQW�

7KH�3,'�9II�$II�IRUPXOD��LQFOXGLQJ�WKH�VFDOH�IDFWRU�DQG�ELDV�WHUPV��LV�DV�IROORZV�

( ) ( ) ( ) BiasKCmdAccelKCmdVelKEKEEKEKOutput out

n

0j

affvffji)1k(kdnpn +×++×+−+
















=

−= ∑
ZKHUH ,OLP LV�WKH�,QWHJUDWLRQ�/LPLW

(Q DUH�WKH�DFFXPXODWHG�HUURU�WHUPV
., LV�WKH�,QWHJUDO�*DLQ
.G LV�WKH�'HULYDWLYH�*DLQ
.S LV�WKH�3URSRUWLRQDO�*DLQ
.DII LV�WKH�$FFHOHUDWLRQ�IHHG�IRUZDUG
.YII LV�WKH�9HORFLW\�IHHG�IRUZDUG
%LDV LV�WKH�'&�PRWRU�RIIVHW
.RXW LV�WKH�VFDOH�IDFWRU�IRU�WKH�RXWSXW�FRPPDQG�

$OO�ILOWHU�SDUDPHWHUV��WKH�PRWRU�RXWSXW�FRPPDQG�OLPLW��DQG�WKH�PRWRU�ELDV�DUH�SURJUDPPDEOH��VR�WKDW
WKH�ILOWHU�PD\�EH�ILQH�WXQHG�WR�DQ\�DSSOLFDWLRQ��7KH�SDUDPHWHU�UDQJHV��IRUPDWV�DQG�LQWHUSUHWDWLRQV�DUH
VKRZQ�LQ�WKH�IROORZLQJ�WDEOH�

7HUP 1DPH 5HSUHVHQWDWLRQ�	�5DQJH

Ilim Integration Limit unsigned 16 bits (0 to 32767)
KI Integral Gain unsigned 16 bits (0 to 32767)
Kd Derivative Gain unsigned 16 bits (0 to 32767)
Kp Proportional Gain unsigned 16 bits (0 to 32767)
Kaff Acceleration feed-forward unsigned 16 bits (0 to 32767)
Kvff Velocity feed-forward unsigned 16 bits (0 to 32767)
Kout Output scale factor unsigned 16 bits (0 to 32767)
Bias DC motor offset signed 16 bits (-32767 to 65,535)

Motor command limit unsigned 16 bits (0 to 32767)
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7KH�VWUXFWXUH�RI�WKH�GLJLWDO�ILOWHU�LV�VKRZQ�LQ�ILJXUH�����
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Figure 3-2. Digital Servo Filter

����� 0RWRU�ELDV

:KHQ�DQ�D[LV�LV�VXEMHFW�WR�D�QHW�H[WHUQDO�IRUFH�LQ�RQH�GLUHFWLRQ��VXFK�DV�D�YHUWLFDO�D[LV�SXOOHG
GRZQZDUG�E\�JUDYLW\���WKH�VHUYR�ILOWHU�FDQ�FRPSHQVDWH�IRU�LW�E\�DGGLQJ�D�FRQVWDQW�'&�ELDV�WR�WKH
ILOWHU�RXWSXW��7KH�ELDV�YDOXH�LV�VHW�XVLQJ�WKH�KRVW�LQVWUXFWLRQ�SetMotorBias axis, bias��,W�FDQ�EH�UHDG
EDFN�XVLQJ�WKH�FRPPDQG�GetMotorBias axis�

����� 2XWSXW�OLPLW

7KH�PRWRU�RXWSXW�OLPLW�SUHYHQWV�WKH�ILOWHU�RXWSXW�IURP�H[FHHGLQJ�D�ERXQGDU\�PDJQLWXGH�LQ�HLWKHU
GLUHFWLRQ��,I�WKH�ILOWHU�SURGXFHV�D�YDOXH�JUHDWHU�WKDQ�WKH�OLPLW��WKH�PRWRU�FRPPDQG�WDNHV�WKH�OLPLWLQJ
YDOXH�

7KH�PRWRU�OLPLW�DSSOLHV�RQO\�LQ�FORVHG�ORRS�PRGH��,W�GRHV�QRW�DIIHFW�WKH�PRWRU�FRPPDQG�YDOXH�VHW
E\�WKH�KRVW�LQ�RSHQ�ORRS�PRGH��VHH�QH[W�VHFWLRQ�IRU�PRUH�LQIRUPDWLRQ�RQ�RSHQ�DQG�FORVHG�ORRS
RSHUDWLRQV��

��� &ORVHG�ORRS�DQG�RSHQ�ORRS�FRQWURO�PRGHV

,Q�D�SUHYLRXV�VHFWLRQ�PRWRU�PRGH�LV�GLVFXVVHG��)RU�DOO�1DYLJDWRU�FKLSVHWV�VHWWLQJ�WKH�PRWRU�RII
�SetMotorMode�2II��KDV�WKH�HIIHFW�RI�GLVDEOLQJ�WKH�WUDMHFWRU\�JHQHUDWRU�

,Q�DGGLWLRQ�KRZHYHU��IRU�WKH�VHUYR�FKLSVHWV��0&�����DQG�0&������WXUQLQJ�WKH�PRWRU�RII��RU�KDYLQJ
WKH�PRWRU�EH�WXUQHG�RII�DXWRPDWLFDOO\�E\�WKH�FKLSVHW�YLD�D�PRWLRQ�HUURU��SODFHV�WKH�FKLSVHW�LQWR�ZKDW
LV�NQRZQ�DV�
RSHQ�ORRS
�PRGH��,Q�RSHQ�ORRS�PRGH�WKH�VHUYR�ILOWHU�GRHV�QRW�RSHUDWH�DQG�WKH�PRWRU
FRPPDQG�RXWSXW�YDOXH�LV�VHW�PDQXDOO\�E\�WKH�KRVW�XVLQJ�WKH�FRPPDQG�SetMotorCommand��:LWK
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WKH�PRWRU�
RQ
�WKH�FKLSVHW�LV�LQ�
FORVHG�ORRS
�PRGH�DQG�WKH�PRWRU�FRPPDQG�YDOXH�LV�FRQWUROOHG
DXWRPDWLFDOO\�E\�WKH�VHUYR�ILOWHU�

)LJXUH�����VKRZV�WKH�FRQWURO�IORZ�IRU�RSHQ�DQG�FORVHG�ORRS�RSHUDWLRQ�

Closed loop mode

Open loop mode

Motor  command
register

Profi le
generator

PID servo
filter

PWM or  DAC
signal generator

To amp.

Actual posit ion (from encoder)

Figure 3-1. Motor control paths, closed- and open-loop modes

&ORVHG�ORRS�PRGH�LV�WKH�QRUPDO�RSHUDWLQJ�PRGH�RI�WKH�0&�����DQG�0&������2SHQ�ORRS�PRGH�LV
W\SLFDOO\�XVHG�ZKHQ�RQH�RU�PRUH�D[HV�UHTXLUH�WRUTXH�FRQWURO�RQO\��RU�ZKHQ�WKH�DPSOLILHU�PXVW�EH
FDOLEUDWHG�

127(��/LPLW�VZLWFKHV�GR�QRW�IXQFWLRQ�LQ�RSHQ�ORRS�PRGH�

����� 0RWRU�ELDV�LQ�RSHQ�ORRS�PRGH

7KH�PRWRU�ELDV�DSSOLHV�DW�DOO�WLPHV�ZKHQ�RSHUDWLQJ�LQ�FORVHG�ORRS�PRGH��,I�WKH�D[LV�LV�VZLWFKHG�WR
RSHQ�ORRS�PRGH��WKH�ELDV�YDOXH�FRQWLQXHV�WR�EH�RXWSXW�WR�WKH�PRWRU��WR�SUHYHQW�WKH�D[LV�IURP
VXGGHQO\�OXUFKLQJ�LQ�WKH�GLUHFWLRQ�RI�WKH�H[WHUQDO�IRUFH��2QFH�WKH�KRVW�LVVXHV�D�QHZ�PRWRU�FRPPDQG�
KRZHYHU��LWV�YDOXH�VXSHUVHGHV�WKH�ELDV�RXWSXW��ZKLFK�QR�ORQJHU�KDV�DQ\�HIIHFW��$V�VRRQ�DV�WKH�D[LV
UHWXUQV�WR�FORVHG�ORRS�PRGH��WKH�SUHYLRXV�ELDV�YDOXH�LV�UHLQVWDWHG�

127(

,I�WKH�VSHFLILHG�ELDV�YDOXH�GRHV�QRW�SURSHUO\�FRPSHQVDWH�IRU�WKH�H[WHUQDO�IRUFH��WKH�D[LV�PD\
PRYH�VXGGHQO\�LQ�RQH�GLUHFWLRQ�RU�DQRWKHU�DIWHU�D�SetMotorMode Off �LQVWUXFWLRQ��,W�LV�WKH
UHVSRQVLELOLW\�RI�WKH�XVHU�WR�VHOHFW�D�PRWRU�ELDV�YDOXH�WKDW�ZLOO�PDLQWDLQ�VDIH�PRWLRQ�
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� 3DUDPHWHU�XSGDWH�DQG�EUHDNSRLQWV

��� 3DUDPHWHU�EXIIHULQJ

9DULRXV�SDUDPHWHUV�PXVW�EH�VSHFLILHG�WR�WKH�FKLSVHW�IRU�DQ�D[LV�WR�EH�FRQWUROOHG�FRUUHFWO\��,Q�VRPH
FDVHV�LW�PD\�EH�GHVLUHG�WKDW�D�VHW�RI�SDUDPHWHUV�WDNH�HIIHFW�DW�WKH�H[DFW�VDPH�WLPH�WR�IDFLOLWDWH�SUHFLVH
V\QFKURQL]HG�PRWLRQ�

7R�VXSSRUW�WKLV�DOO�SURILOH�SDUDPHWHUV�DQG�VHYHUDO�RWKHU�W\SHV�RI�SDUDPHWHUV�VXFK�DV�VHUYR�SDUDPHWHUV
�0&�����DQG�0&�����RQO\��DUH�ORDGHG�LQWR�WKH�FKLSVHW�XVLQJ�D�EXIIHUHG�VFKHPH��7KHVH�EXIIHUHG
FRPPDQGV�DUH�ORDGHG�LQWR�DQ�DUHD�RI�WKH�FKLSVHW�WKDW�GRHV�QRW�DIIHFW�WKH�DFWXDO��FKLSVHW�EHKDYLRU
XQWLO�D�VSHFLDO�HYHQW�NQRZQ�DV�DQ�8SGDWH�RFFXUV��$Q�8SGDWH�FDXVHV�WKH�EXIIHUHG�UHJLVWHUV�WR�EH
FRSLHG�WR�WKH�DFWLYH�UHJLVWHUV��WKHUHE\�FDXVLQJ�WKH�FKLSVHW�WR�DFW�RQ�WKH�QHZ�SDUDPHWHUV�

)RU�H[DPSOH�WKH�IROORZLQJ�FRPPDQG�VHTXHQFH�ORDGV�D�SURILOH�PRGH��SRVLWLRQ��YHORFLW\��DQG
GHVWLQDWLRQ�SRVLWLRQ�LQ�EXW�ZLOO�QRW�EHFRPH�DFWLYH��WDNH�DIIHFW��XQWLO�DQ�8SGDWH�LV�JLYHQ�

Set3URILOH0RGH $[LV���WUDSH]RLGDO ���VHW�SURILOH�PRGH�WR�WUDSH]RLGDO�IRU�D[LV��
SetPosition�$[LV�������� ���ORDG�D�GHVWLQDWLRQ�SRVLWLRQ�IRU�D[LV��
SetVelocity�$[LV��������� ���ORDG�D�YHORFLW\�IRU�D[LV��
SetAcceleration�$[LV������� ���ORDG�DQ�DFFHOHUDWLRQ�IRU�D[LV��

$IWHU�WKLV�VHTXHQFH�LV�FRPSOHWHG�WKH�EXIIHUHG�UHJLVWHUV�IRU�WKHVH�SDUDPHWHUV��LQFOXGLQJ�WKH�SURILOH
PRGH�LWVHOI��DUH�ORDGHG�LQWR�WKH�FKLSVHW�EXW�WKH�WUDMHFWRU\�JHQHUDWRU�PRGXOH�VWLOO�RSHUDWHV�RQ�ZKDWHYHU
WKH�SUHYLRXV�WUDMHFWRU\�SURILOH�PRGH�DQG�SDUDPHWHUV�ZHUH��2QO\�ZKHQ�DQ�8SGDWH�RFFXUV�ZLOO�WKH
WUDMHFWRU\�SURILOH�PRGH�DFWXDOO\�EH�FKDQJHG�WR�WUDSH]RLGDO�DQG�WKH�VSHFLILHG�SDUDPHWHUV�ORDGHG�LQWR
WKH�WUDMHFWRU\�JHQHUDWRU��FDXVLQJ�WKH�WUDMHFWRU\�JHQHUDWRU�WR�VWDUW�WKH�SURJUDPPHG�PRWLRQ�

����� 8SGDWHV

7KHUH�DUH�WKUHH�GLIIHUHQW�ZD\V�WKDW�DQ�8SGDWH�FDQ�RFFXU��7KH�DUH�OLVWHG�EHORZ�

���Update�FRPPDQG���7KH�VLPSOHVW�ZD\�LV�WR�JLYH�DQ�Update�FRPPDQG��7KLV�FDXVHV�WKH�SDUDPHWHUV
IRU�WKH�SURJUDPPHG�D[LV�WR�EH�XSGDWHG�LPPHGLDWHO\�

���MultiUpdate�FRPPDQG���7KH�PXOWLSOH�D[LV�LQVWDQWDQHRXV�XSGDWH��ZKLFK�LV�VSHFLILHG�XVLQJ�WKH
MultiUpdate�FRPPDQG��FDXVHV�PXOWLSOH�D[HV�WR�EH�XSGDWHG�VLPXOWDQHRXVO\��7KLV�FDQ�EH�XVHIXO�ZKHQ
V\QFKURQL]HG�PXOWL�D[LV�SURILOLQJ�LV�GHVLUHG��7KLV�FRPPDQG�WDNHV�D���ZRUG�DUJXPHQW�ZKLFK�FRQVLVWV
RI�D�ELW�PDVN��ZLWK���ELW�DVVLJQHG�WR�HDFK�D[LV��([HFXWLQJ�WKLV�FRPPDQG�KDV�WKH�VDPH�DIIHFW�DV
VHQGLQJ�D�VHW�RI�8SGDWH�FRPPDQGV�WR�HDFK�RI�WKH�LQGLYLGXDO�D[HV�VHOHFWHG�LQ�WKH�MultiUpdate
FRPPDQG�PDVN�

���%UHDNSRLQWV���7KHUH�LV�D�YHU\�XVHIXO�IDFLOLW\�VXSSRUWHG�E\�WKH�FKLSVHW�WKDW�FDQ�EH�SURJUDPPHG�WR
JHQHUDWH�DQ�8SGDWH�FRPPDQG�DXWRPDWLFDOO\�ZKHQ�D�SUH�SURJUDPPHG�FRQGLWLRQ�EHFRPHV�WUXH��7KLV
IDFLOLW\�LV�NQRZQ�DV�WKH�EUHDNSRLQW�IDFLOLW\��DQG�LW�LV�XVHIXO�IRU�SHUIRUPLQJ�RSHUDWLRQV�VXFK�DV
�DXWRPDWLFDOO\�FKDQJH�WKH�YHORFLW\�ZKHQ�D�SDUWLFXODU�SRVLWLRQ�LV�UHDFKHG���RU��VWRS�WKH�D[LV�DEUXSWO\
ZKHQ�D�SDUWLFXODU�H[WHUQDO�VLJQDO�JRHV�DFWLYH���%UHDNSRLQWV�DUH�GLVFXVVHG�LQ�PRUH�GHWDLO�LQ�VHFWLRQ����

:KLFKHYHU�8SGDWH�PHWKRG�LV�XVHG��DW�WKH�WLPH�WKH�XSGDWH�RFFXUV��DOO�RI�WKH�EXIIHUHG�UHJLVWHUV�DQG
FRPPDQGV�ZLOO�EH�FRSLHG�WR�WKH�DFWLYH�UHJLVWHUV��&RQYHUVHO\��EHIRUH�WKH�8SGDWH�RFFXUV��ORDGLQJ�WKH
EXIIHUHG�UHJLVWHUV�RU�H[HFXWLQJ�EXIIHUHG�FRPPDQGV�ZLOO�KDYH�QR�HIIHFW�RQ�WKH�V\VWHP�EHKDYLRU�

,Q�DGGLWLRQ�WR�SURILOH�JHQHUDWLRQ�PRVW�VHUYR�SDUDPHWHU�FRPPDQGV�DUH�EXIIHUHG��DQG�VRPH�RWKHU
FRPPDQGV�DUH�EXIIHUHG��)ROORZLQJ�LV�D�FRPSOHWH�OLVW�RI�EXIIHUHG�YDOXHV�DQG�FRPPDQGV�
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Buffered Commands

Trajectory Servo & Error
Tracking

Miscellaneous

SetProfileMode ClearPositionError SetMotorCommand
SetAcceleration SetIntegrationLimit
SetJerk SetKaff
SetVelocity SetKd
SetPosition SetKi
SetDeceleration SetKp
SetGearRatio SetKvff

SetKaff

��� %UHDNSRLQWV

%UHDNSRLQWV�DUH�D�FRQYHQLHQW�ZD\�RI�SURJUDPPLQJ�D�FKLSVHW�HYHQW�XSRQ�VRPH�VSHFLILF�FRQGLWLRQ�
'HSHQGLQJ�RQ�WKH�EUHDNSRLQW�LQVWUXFWLRQ·V�DUJXPHQWV��D�EUHDNSRLQW�FDQ�FDXVH�DQ�XSGDWH��DQ�DEUXSW
VWRS�IROORZHG�E\�DQ�XSGDWH��D�VPRRWK�VWRS�IROORZHG�E\�DQ�XSGDWH��D�PRWRU�RII�IROORZHG�E\�DQ�XSGDWH
�PRUH�RQ�WKLV�IXQFWLRQ�LQ�D�ODWHU�VHFWLRQ���RU�QR�DFWLRQ�ZKDWHYHU�

(DFK�1DYLJDWRU�D[LV�KDV�WZR�EUHDNSRLQWV�WKDW�PD\�EH�SURJUDPPHG�IRU�LW��6R�WZR�FRPSOHWHO\�VHSDUDWH
FRQGLWLRQV�PD\�EH�PRQLWRUHG�DQG�DFWHG�XSRQ��7KHVH�WZR�EUHDNSRLQWV�DUH�NQRZQ�DV�EUHDNSRLQW���DQG
EUHDNSRLQW��

����� 'HILQLQJ�D�EUHDNSRLQW��2YHUYLHZ

(DFK�EUHDNSRLQW�KDV�ILYH�FRPSRQHQWV��WKH�EUHDNSRLQW�D[LV��WKH�VRXUFH�D[LV�IRU�WKH�WULJJHULQJ�HYHQW�
WKH�HYHQW�LWVHOI��WKH�DFWLRQ�WR�EH�WDNHQ�DQG�WKH�FRPSDULVRQ�YDOXH�

7KH�EUHDNSRLQW�D[LV�LV�WKH�D[LV�RQ�ZKLFK�WKH�VSHFLILHG�DFWLRQ�LV�WR�EH�WDNHQ�

7KH�VRXUFH�D[LV�LV�WKH�D[LV�RQ�ZKLFK�WKH�WULJJHULQJ�HYHQW�LV�ORFDWHG��,W�FDQ�EH�WKH�VDPH�DV�RU�GLIIHUHQW
WKDQ�WKH�EUHDNSRLQW�D[LV���$Q\�QXPEHU�RI�EUHDNSRLQWV�PD\�XVH�WKH�VDPH�D[LV�DV�D�VRXUFH�D[LV�

7KH�WULJJHU�LV�WKH�HYHQW�WKDW�FDXVHV�WKH�EUHDNSRLQW�

7KH�DFWLRQ�LV�WKH�VHTXHQFH�RI�RSHUDWLRQV�H[HFXWHG�E\�WKH�FKLSVHW�ZKHQ�WKH�EUHDNSRLQW�LV�WULJJHUHG�
$IWHU�D�EUHDNSRLQW�LV�WULJJHUHG�WKH�DFWLRQ�LV�SHUIRUPHG�RQ�WKH�EUHDNSRLQW�D[LV�

7KH�FRPSDULVRQ�YDOXH�LV�XVHG�LQ�FRQMXQFWLRQ�ZLWK�WKH�DFWLRQ�WR�GHILQH�WKH�EUHDNSRLQW�HYHQW�

$OWRJHWKHU�WKHVH�SDUDPHWHUV�SURYLGH�JUHDW�IOH[LELOLW\�LQ�VHWWLQJ�EUHDNSRLQW�FRQGLWLRQV��%\�FRPELQLQJ
WKHVH�FRPSRQHQWV��DOPRVW�DQ\�HYHQW�RQ�DQ\�D[LV�FDQ�FDXVH�D�EUHDNSRLQW�

7KH�FRPPDQG�XVHG�WR�VHQG�WKH�EUHDNSRLQW�D[LV��WKH�WULJJHU��WKH�VRXUFH�D[LV�DQG�WKH�DFWLRQ�LV
SetBreakpoint��7R�UHWULHYH�WKHVH�VDPH�YDOXHV�WKH�FRPPDQG�GetBreakpoint�LV�XVHG��7R�VHW�WKH
FRPSDULVRQ�YDOXH�WKH�FRPPDQG�SetBreakpointValue�LV�XVHG��7KLV�FRPSDULVRQ�YDOXH�FDQ�EH�UHWULHYHG
XVLQJ�WKH�FRPPDQG�GetBreakpointValue��)RU�HDFK�RI�WKHVH�FRPPDQGV�WKH�EUHDNSRLQW�QXPEHU����RU
���PXVW�EH�VSHFLILHG�

7KH�SetBreakpointValue �FRPPDQG�VKRXOG�DOZD\V�EH�VHQW�EHIRUH�WKH�SetBreakpoint
FRPPDQG�WR�VHW�XS�D�SDUWLFXODU�EUHDNSRLQW�
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����� %UHDNSRLQW�WULJJHUV

7KH�1DYLJDWRU�PRWLRQ�SURFHVVRUV�VXSSRUW�WKH�IROORZLQJ�EUHDNSRLQW�WULJJHU�FRQGLWLRQV�

7ULJJHU�&RQGLWLRQ /HYHO�RU
7KUHVKROG

'HVFULSWLRQ

3RVLWLYH&RPPDQGHG3RVLWLRQ WKUHVKROG ,V�VDWLVILHG�ZKHQ�WKH�FXUUHQW�FRPPDQGHG�SRVLWLRQ�LV�HTXDO�WR
RU�JUHDWHU�WKHQ�WKH�SURJUDPPHG�FRPSDUH�YDOXH

1HJDWLYH&RPPDQGHG3RVLWLRQ WKUHVKROG ,V�VDWLVILHG�ZKHQ�WKH�FXUUHQW�FRPPDQGHG�SRVLWLRQ�LV�HTXDO�WR
RU�OHVV�WKDQ�WKHQ�WKH�SURJUDPPHG�FRPSDUH�YDOXH

3RVLWLYH$FWXDO3RVLWLRQ WKUHVKROG ,V�VDWLVILHG�ZKHQ�WKH�FXUUHQW�DFWXDO�SRVLWLRQ�LV�HTXDO�WR�RU
JUHDWHU�WKHQ�WKH�SURJUDPPHG�FRPSDUH�YDOXH

1HJDWLYH$FWXDO3RVLWLRQ WKUHVKROG ,V�VDWLVILHG�ZKHQ�WKH�FXUUHQW�DFWXDO�SRVLWLRQ�LV�HTXDO�WR�RU
JUHDWHU�WKHQ�WKH�SURJUDPPHG�FRPSDUH�YDOXH

&RPPDQGHG3RVLWLRQ&URVVHG WKUHVKROG ,V�VDWLVILHG�ZKHQ�WKH�FXUUHQW�FRPPDQGHG�SRVLWLRQ�FURVVHV��LV
HTXDO�WR��WKH�SURJUDPPHG�FRPSDUH�YDOXH

$FWXDO3RVLWLRQ&URVVHG WKUHVKROG ,V�VDWLVILHG�ZKHQ�WKH�FXUUHQW�DFWXDO�SRVLWLRQ�FURVVHV��LV�HTXDO
WR��WKH�SURJUDPPHG�FRPSDUH�YDOXH

7LPH WKUHVKROG ,V�VDWLVILHG�ZKHQ�WKH�FXUUHQW�FKLSVHW�WLPH��LQ�QXPEHU�RI�F\FOHV
VLQFH�SRZHU�XS��LV�HTXDO�WR�WKH�SURJUDPPHG�FRPSDUH�YDOXH

(YHQW6WDWXV OHYHO ,V�VDWLVILHG�ZKHQ�WKH�(YHQW6WDWXV�UHJLVWHU�PDWFKHV�ELW�PDVN
DQG�KLJK�ORZ�SDWWHUQ�LQ�SURJUDPPHG�FRPSDUH�YDOXH

$FWLYLW\6WDWXV OHYHO ,V�VDWLVILHG�ZKHQ�WKH�$FWLYLW\6WDWXV�UHJLVWHU�PDWFKHV�ELW�PDVN
DQG�KLJK�ORZ�SDWWHUQ�LQ�SURJUDPPHG�FRPSDUH�YDOXH

6LJQDO6WDWXV OHYHO ,V�VDWLVILHG�ZKHQ�WKH�6LJQDO6WDWXV�UHJLVWHU�PDWFKHV�ELW�PDVN
DQG�KLJK�ORZ�SDWWHUQ�VHW�LQ�SURJUDPPHG�FRPSDUH�YDOXH

QRQH � 'LVDEOHV�DQ\�SUHYLRXVO\�VHW�EUHDNSRLQW�

,I��QRQH��LV�VHOHFWHG�IRU�WKH�EUHDNSRLQW�WULJJHU�WKHQ�WKLV�HIIHFWLYHO\�PHDQV�WKDW�WKDW�EUHDNSRLQW�LV
LQDFWLYH��2QO\�RQH�RI�WKH�DERYH�WULJJHUV�FDQ�EH�VHOHFWHG�DW�D�JLYHQ�WLPH�

����� 7KUHVKROG�WULJJHUHG�EUHDNSRLQWV

7KUHVKROG�WULJJHUHG�EUHDNSRLQWV�XVH�WKH�YDOXH�VHW�XVLQJ�WKH�SetBreakpointValue�FRPPDQG�DV�D
VLQJOH����ELW�WKUHVKROG�YDOXH�WR�ZKLFK�D�FRPSDULVRQ�LV�PDGH��:KHQ�WKH�FRPSDULVRQ�LV�WUXH��WKH
EUHDNSRLQW�LV�WULJJHUHG�

)RU�H[DPSOH��LI�LW�LV�GHVLUHG�WKDW�WKH�WULJJHU�RFFXU�ZKHQ�WKH�FRPPDQGHG�SRVLWLRQ�LV�HTXDO�WR�RU
JUHDWHU�WKDQ������������WKHQ�WKH�FRPSDULVRQ�YDOXH�ORDGHG�XVLQJ�SetComparisonValue�ZRXOG�EH
�����������DQG�WKH�WULJJHU�VHOHFWHG�ZRXOG�EH�3RVLWLYH&RPPDQGHG3RVLWLRQ�

����� /HYHO�WULJJHUHG�EUHDNSRLQWV

7R�VHW�D�OHYHO�WULJJHUHG�EUHDNSRLQW��WKH�KRVW�LQVWUXFWLRQ�VXSSOLHV�WZR����ELW�GDWD�ZRUGV��D�WULJJHU
PDVN��DQG�D�VHQVH�PDVN���7KHVH�PDVNV�DUH�VHW�XVLQJ�WKH�SetBreakpointValue�LQVWUXFWLRQ���7KH�KLJK
ZRUG�RI�GDWD�SDVVHG�ZLWK�WKLV�FRPPDQG�LV�WKH�WULJJHU�PDVN�YDOXH��WKH�ORZ�ZRUG�LV�WKH�VHQVH�PDVN
YDOXH�

7KH�WULJJHU�PDVN�GHWHUPLQHV�ZKLFK�ELWV�RI�WKH�VHOHFWHG�VWDWXV�UHJLVWHU�DUH�HQDEOHG�IRU�WKH�EUHDNSRLQW�
$���LQ�DQ\�SRVLWLRQ�RI�WKH�WULJJHU�PDVN�HQDEOHV�WKH�FRUUHVSRQGLQJ�VWDWXV�UHJLVWHU�ELW�WR�WULJJHU�D
EUHDNSRLQW��D���LQ�WKH�WULJJHU�PDVN�GLVDEOHV�WKH�FRUUHVSRQGLQJ�VWDWXV�UHJLVWHU�ELW��,I�PRUH�WKHQ�RQH�ELW
LV�VHOHFWHG��WKHQ�WKH�EUHDNSRLQW�ZLOO�EH�WULJJHUHG�ZKHQ�DQ\�VHOHFWHG�ELW�HQWHUV�WKH�VSHFLILHG�VWDWH�
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7KH�VHQVH�PDVN�GHWHUPLQHV�ZKLFK�VWDWH�RI�WKH�FRUUHVSRQGLQJ�VWDWXV�ELWV�FDXVH�D�EUHDNSRLQW���$Q\
VWDWXV�ELW�WKDW�LV�LQ�WKH�VDPH�VWDWH��L�H����RU����DV�WKH�FRUUHVSRQGLQJ�VHQVH�ELW�LV�HOLJLEOH�WR�FDXVH�D
EUHDNSRLQW��DVVXPLQJ�RI�FRXUVH�WKDW�LW�KDV�EHHQ�VHOHFWHG�E\�WKH�WULJJHU�PDVN��

)RU�H[DPSOH��LI�WKH�DFWLYLW\�VWDWXV�UHJLVWHU�EUHDNSRLQW�KDV�EHHQ�VHOHFWHG��DQG�WKH�WULJJHU�PDVN�FRQWDLQV
WKH�YDOXH�����K�DQG�WKH�VHQVH�PDVN�FRQWDLQV�WKH�YDOXH�����K��WKHQ�WKH�EUHDNSRLQW�ZLOO�EH�WULJJHUHG
ZKHQ�ELW����WKH�¶DW�PD[�YHORFLW\·�LQGLFDWRU��DVVXPHV�WKH�YDOXH����RU�ELW�����WKH�¶LQ�PRWLRQ·�LQGLFDWRU�
DVVXPHV�WKH�YDOXH�

����� %UHDNSRLQW�DFWLRQV

2QFH�D�EUHDNSRLQW�KDV�EHHQ�WULJJHUHG��WKH�FKLSVHW�FDQ�EH�SURJUDPPHG�WR�SHUIRUP�RQH�RI�WKH
IROORZLQJ�LQVWUXFWLRQ�VHTXHQFHV�

$FWLRQ &RPPDQG�6HTXHQFH�([HFXWHG

None No commands executed
Update Update axis
Abrupt Stop SetStop axis, UbruptStop Update axis
SmoothStop SetStop axis, SmoothStop Update axis
MotorOff SetMotorMode axis, Off Update axis

5HJDUGOHVV�RI�WKH�KRVW·V�DFWLRQ��RQFH�D�EUHDNSRLQW�FRQGLWLRQ�KDV�EHHQ�VDWLVILHG��WKH�(YHQW�6WDWXV�ELW
FRUUHVSRQGLQJ�WR�WKH�EUHDNSRLQW�LV�VHW�DQG�WKH�EUHDNSRLQW�LV�GHDFWLYDWHG�

����� %UHDNSRLQW�([DPSOHV

+HUH�DUH�D�IHZ�H[DPSOHV�WR�LOOXVWUDWH�KRZ�EUHDNSRLQWV�FDQ�EH�XVHG�

([DPSOH����7KH�KRVW�ZRXOG�OLNH�D[LV���WR�FKDQJH�YHORFLW\�ZKHQ�WKH�HQFRGHU�SRVLWLRQ�UHDFKHV�D
SDUWLFXODU�YDOXH��%UHDNSRLQW����VKRXOG�EH�XVHG�

7KH�IROORZLQJ�FRPPDQG�VHTXHQFH�DFKLHYHV�WKLV�

SetPosition Axis1, 123456 ���/RDG�GHVWLQDWLRQ
SetVelocity Axis1, 55555 ���/RDG�YHORFLW\
SetAcceleration Axis1, 500 ���/RDG�DFFHOHUDWLRQ
SetDeceleration Axis1, 1000 ���/RDG�GHFHOHUDWLRQ
Update Axis1 ���0DNH�WKH�PRYH
SetVelocity Axis1, 111111 ���/RDG�D�QHZ�YHORFLW\�RI���������EXW�GR�QRW�VHQG

���DQ�8SGDWH
SetBreakpointValue Axis1, 1, 100,000 ���/RDG���������LQWR�WKH�FRPSDULVRQ�UHJLVWHU

���IRU�EUHDNSRLQW��
SetBreakpoint Axis1, 1, Axis1, Update, PositiveActualPosition

���6SHFLIL\�D�SRVLWLYH�DFWXDO�SRVLWLRQ�EUHDNSRLQW�RQ�D[LV��
���ZKLFK�ZLOO�UHVXOW�LQ�DQ�8SGDWH�ZKHQ�VDWLVILHG�IRU
���EUHDNSRLQW��

7KLV�VHTXHQFH�PDNHV�DQ�LQLWLDO�PRYH�DQG�ORDGV�D�EUHDNSRLQW�DIWHU�WKH�ILUVW�PRYH�KDV�VWDUWHG��7KH
EUHDNSRLQW�WKDW�LV�GHILQHG�ZLOO�UHVXOW�LQ�WKH�YHORFLW\�EHLQJ��XSGDWHG��WR���������ZKHQ�WKH�DFWXDO
SRVLWLRQ�UHDFKHV�D�YDOXH�RI����������7KHUHIRUH�DW���������WKH�D[LV�ZLOO�DFFHOHUDWH�IURP�D�YHORFLW\�RI
�������WR���������DW�WKH�DFFHOHUDWLRQ�YDOXH�RI�������1RWH�WKDW�DQ\�EXIIHUHG�UHJLVWHUV�WKDW�DUH�QRW�VHQW
DJDLQ�ZLOO�UHPDLQ�LQ�WKH�EXIIHUHG�UHJLVWHUV��)RU�H[DPSOH�ZKHQ�WKH�EUHDNSRLQW�SHUIRUPV�DQ�8SGDWH�WKH
YDOXHV�IRU�SRVLWLRQ��DFFHOHUDWLRQ�DQG�GHFHOHUDWLRQ�DUH�XQFKDQJHG�DQG�WKHUHIRUH�DUH�FRSLHG�RYHU�WR�WKH
DFWLYH�UHJLVWHUV�ZLWKRXW�PRGLILFDWLRQ�
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([DPSOH����7KH�KRVW�ZRXOG�OLNH�D[LV���WR�SHUIRUP�DQ�HPHUJHQF\�VWRS�ZKHQHYHU�WKH�AxisIn�VLJQDO�IRU
D[LV��JRHV�KLJK��,Q�DGGLWLRQ�WKH�D[LV���DFFHOHUDWLRQ�VKRXOG�FKDQJH�ZKHQHYHU�D�SDUWLFXODU�FRPPDQGHG
SRVLWLRQ�LV�DFKLHYHG�RQ�D[LV���

7KH�IROORZLQJ�FRPPDQG�VHTXHQFH�DFKLHYHV�WKLV�

SetPosition Axis1, 123456 ���/RDG�GHVWLQDWLRQ
SetVelocity Axis1, 55555 ���/RDG�YHORFLW\
SetAcceleration Axis1, 500 ���/RDG�DFFHOHUDWLRQ
SetDeceleration Axis1, 1000 ���/RDG�GHFHOHUDWLRQ
Update Axis1 ���0DNH�WKH�PRYH
SetBreakpointValue Axis1, 1, 0x400040 ���/RDG�PDVN�DQG�VHQVH�ZRUG�RI��[�����[����ELW���PXVW

���EH�KLJK��IRU�EUHDNSRLQW��
SetBreakpoint Axis1, 1, Axis3, AbruptStop, SignalStatus

���6SHFLI\�D�EUHDNSRLQW�WR�PRQLWRU�WKH�VLJQDO�VWDWXV
���UHJLVWHU�RI�D[LV���WR�WULJJHU�ZKHQ�ELW����AxisIn��JRHV
���KLJK�IRU�EUHDNSRLQW��

SetAcceleration Axis1, 111111 ���/RDG�D�QHZ�DFFHOHUDWLRQ�RI�������EXW�GR�QRW�VHQG
���DQ�8SGDWH

SetBreakpointValue Axis1, 2, 100,000 ���/RDG���������LQWR�WKH�FRPSDULVRQ�UHJLVWHU
���IRU�EUHDNSRLQW��

SetBreakpoint Axis1, 2, Axis4, Update, PositiveCommandedPosition
���6SHFLI\�D�SRVLWLYH�FRPPDQGHG�SRVLWLRQ�EUHDNSRLQW
���RQ�D[LV���ZKLFK�ZLOO�UHVXOW�LQ�DQ�8SGDWH�ZKHQ�VDWLVILHG
���IRU��EUHDNSRLQW��

7KLV�VHTXHQFH�LV�VLPLODU�WR�WKH�SUHYLRXV�RQH�H[FHSW�WKDW�DQ�DGGLWLRQDO�EUHDNSRLQW�KDV�EHHQ�GHILQHG
ZKLFK�FDXVHV�WKH�DEUXSW�VWRS��%RWK�RI�WKHVH�EUHDNSRLQWV�ZHUH�GHILQHG�DIWHU�WKH�SULPDU\�PRYH�ZDV
VWDUWHG�DOWKRXJK�WKLV�PD\�QRW�EH�VWULFWO\�QHFHVVDU\�GHSHQGLQJ�RQ�ZKHQ�WKH�EUHDNSRLQW�LV�H[SHFWHG�WR
RFFXU��*HQHUDOO\�EUHDNSRLQWV�VKRXOG�EH�VHW�XS�DIWHU�WKH�SULPDU\�PRYH�EHFDXVH�WKHUH�LV�RQO\�RQH�VHW�RI
EXIIHUHG�UHJLVWHUV�DQG�LW�LV�WKXV�LPSRVVLEOH�WR�ORDG�SULPDU\�PRYH�SDUDPHWHUV��SRVLWLRQ��YHORFLW\��HWF��
DQG�DOVR��EUHDNSRLQW��SURILOH�SDUDPHWHUV��WKH�SURILOH�SDUDPHWHUV�WKDW�ZLOO�WDNH�DIIHFW�RQFH�WKH
EUHDNSRLQW�RFFXUV��EHIRUH�WKH�SULPDU\�PRYH�LV�8SGDWHG�
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� 6WDWXV�5HJLVWHUV

��� 2YHUYLHZ

7KH�1DYLJDWRU�0RWLRQ�3URFHVVRU�FDQ�PRQLWRU�DOPRVW�HYHU\�DVSHFW�RI�DQ�D[LV·V�PRWLRQ��7KHUH�DUH
QXPHURXV�QXPHULFDO�UHJLVWHUV�WKDW�FDQ�EH�TXHULHG�WR�GHWHUPLQH�WKH�FXUUHQW�VWDWH�RI�FKLSVHW�VXFK�DV
WKH�FXUUHQW�DFWXDO�SRVLWLRQ��GetActualPosition�FRPPDQG���WKH�FXUUHQW�FRPPDQGHG�SRVLWLRQ
�GetCommandedPosition�FRPPDQG��HWF�

,Q�DGGLWLRQ�WR�WKHVH�QXPHULFDO�UHJLVWHUV�WKHUH�DUH�WKUHH�ELW�RULHQWHG�VWDWXV�UHJLVWHUV�ZKLFK�SURYLGH�D
FRQWLQXRXV�UHSRUW�RQ�WKH�VWDWH�RI�D�SDUWLFXODU�D[LV��7KHVH�VWDWXV�UHJLVWHUV�FRQYHQLHQWO\�FRPELQH�D
QXPEHU�RI�VHSDUDWH�ELW�RULHQWHG�ILHOGV�IRU�WKH�VSHFLILHG�D[LV��7KHVH�WKUHH����ELW�UHJLVWHUV�DUH�(YHQW
6WDWXV��$FWLYLW\�6WDWXV��DQG�6LJQDO�6WDWXV�

7KH�KRVW�PD\�TXHU\�WKHVH�WKUHH�UHJLVWHUV��RU�WKH�FRQWHQWV�RI�WKHVH�UHJLVWHUV�PD\�EH�XVHG�LQ�EUHDNSRLQW
RSHUDWLRQV�WR�GHILQH�D�WULJJHULQJ�HYHQW�VXFK�DV��WULJJHU�ZKHQ�ELW���LQ�WKH�VLJQDO�VWDWXV�UHJLVWHU�JRHV
ORZ���7KHVH�UHJLVWHUV�DUH�DOVR�WKH�VRXUFH�RI�GDWD�IRU�WKH�AxisOut��VHH�VHFWLRQ������PHFKDQLVP��ZKLFK
DOORZV�DQ\�ELW�ZLWKLQ�WKHVH�WKUHH�UHJLVWHUV�WR�EH�RXWSXW�DV�D�KDUGZDUH�VLJQDO�

����� (YHQW�6WDWXV�UHJLVWHU

7KH�(YHQW�6WDWXV�UHJLVWHU�LV�GHVLJQHG�WR�UHFRUG�HYHQWV�WKDW�GR�QRW�FRQWLQXRXVO\�FKDQJH�LQ�YDOXH��EXW
UDWKHU�WHQG�WR�RFFXU�RQFH�XSRQ�VRPH�VSHFLILF�HYHQW��$V�VXFK��HDFK�RI�WKH�ELWV�LQ�WKLV�UHJLVWHU�LV�VHW�E\
WKH�FKLSVHW�DQG�FOHDUHG�E\�WKH�KRVW�

7KH�(YHQW6WDWXV�UHJLVWHU�LV�GHILQHG�LQ�WKH�WDEOH�EHORZ�

%LW 1DPH 'HVFULSWLRQ

0 Motion complete. Set when a trajectory profile completes. The motion being considered complete may
be based on the commanded position or the actual encoder position. See section 6.3
for more details.

1 Position wrap. Set when the actual motor position exceeds 7FFFFFFFh (the most positive position)
and wraps to 80000000h (the most negative position), or vice versa.

2 Breakpoint 1 Set when breakpoint #1 is triggered.
3 Capture received Set when the high-speed position capture hardware acquires a new position value.
4 Motion error Set when the actual position differs from the commanded position by an amount

more then the specified maximum position error.
5 Positive limit Set when a positive limit switch event occurs.
6 Negative limit Set when a negative limit switch event occurs
7 Instruction error Set when an instruction error occurs.
8-10 Reserved May contain 1 or 0
11 Commutation Error Set when a commutation error occurs (MC2300 series only)
12,13 Reserved May contain 1 or 0
14 Breakpoint 2 Set when breakpoint #2 is triggered.
15 Reserved May contain 0 or 1

7KH�FRPPDQG�GetEventStatus�UHWXUQV�WKH�FRQWHQWV�RI�WKH�(YHQW�6WDWXV�UHJLVWHU�IRU�WKH�VSHFLILHG
D[LV�
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%LWV�LQ�WKH�(YHQW�6WDWXV�UHJLVWHU�DUH�ODWFKHG��2QFH�VHW��WKH\�UHPDLQ�VHW�XQWLO�FOHDUHG�E\�D�KRVW
LQVWUXFWLRQ�RU�D�V\VWHP�UHVHW��(YHQW�6WDWXV�UHJLVWHU�ELWV�PD\�EH�UHVHW�WR���E\�WKH�LQVWUXFWLRQ
ResetEventStatus��XVLQJ�D����ELW�PDVN���5HJLVWHU�ELWV�FRUUHVSRQGLQJ�WR��V�LQ�WKH�PDVN�DUH�UHVHW��DOO
RWKHU�ELWV�DUH�XQDIIHFWHG�

7KH�HYHQW�VWDWXV�UHJLVWHU�PD\�DOVR�EH�XVHG�WR�JHQHUDWH�D�KRVW�LQWHUUXSW�VLJQDO�

����� ,QVWUXFWLRQ�HUURU

%LW���RI�WKH�HYHQW�VWDWXV�UHJLVWHU�LQGLFDWHV�DQ�LQVWUXFWLRQ�HUURU��6XFK�DQ�HUURU�RFFXUV�LI�DQ�RWKHUZLVH�
YDOLG�LQVWUXFWLRQ�RU�LQVWUXFWLRQ�VHTXHQFH�LV�VHQW�ZKHQ�WKH�1DYLJDWRU·V�FXUUHQW�RSHUDWLQJ�VWDWH�PDNHV
WKH�LQVWUXFWLRQV�LQYDOLG��,QVWUXFWLRQ�HUURUV�RFFXU�DW�WKH�WLPH�RI�DQ�XSGDWH�

6KRXOG�DQ�LQVWUXFWLRQ�HUURU�RFFXU�WKH�LQYDOLG�SDUDPHWHUV�DUH�LJQRUHG��DQG�WKH�Instruction Error LQGLFDWRU
RI�WKH�HYHQW�VWDWXV�UHJLVWHU�LV�VHW��:KLOH�LQYDOLG�SDUDPHWHUV�FKHFNHG�DW�WKH�WLPH�RI�WKH�XSGDWH�DUH
LJQRUHG��YDOLG�SDUDPHWHUV�DUH�VHQW�RQ�KRZHYHU��7KLV�FDQ�KDYH�XQLQWHQGHG�VLGH�HIIHFWV�GHSHQGLQJ�RQ
WKH�QDWXUH�RI�WKH�PRWLRQ�VHTXHQFH�VR�DOO�LQVWUXFWLRQ�HUURU�HYHQWV�VKRXOG�EH�WUHDWHG�YHU\�VHULRXVO\�

([DPSOH��LQ�WKH�IROORZLQJ�VHTXHQFH�

SetProfileMode (axis2, Velocity)
SetVelocity (axis2, -4387)
SetProfileMode (axis2, Trapezoidal)
Update (axis2)

7KH�QHJDWLYH�YHORFLW\�LV�QRW�YDOLG�LQ�WKH�QHZ�SURILOH�PRGH��7KH�Update LV�H[HFXWHG��EXW�WKH�Instruction
Error ELW�LV�VHW���/HJLWLPDWH�SDUDPHWHUV��VXFK�DV�3RVLWLRQ��DUH�XSGDWHG��DQG�SURILOH�JHQHUDWLRQ
FRQWLQXHV��
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����� $FWLYLW\�6WDWXV�UHJLVWHU

/LNH�WKH�(YHQW�6WDWXV�UHJLVWHU��WKH�$FWLYLW\�6WDWXV�UHJLVWHU�WUDFNV�YDULRXV�FKLSVHW�ILHOGV

$FWLYLW\�6WDWXV�UHJLVWHU�ELWV�KRZHYHU�DUH�QRW�ODWFKHG��WKH\�DUH�FRQWLQXRXVO\�VHW�DQG�UHVHW�E\�WKH
FKLSVHW�WR�LQGLFDWH�WKH�VWDWHV�RI�WKH�FRUUHVSRQGLQJ�FRQGLWLRQV�

7KH�$FWLYLW\6WDWXV�UHJLVWHU�LV�GHILQHG�LQ�WKH�WDEOH�EHORZ�

%LW 1DPH 'HVFULSWLRQ

0 Phasing initialized Set (1) when the motor’s commutation hardware has been initialized. Cleared (0) if
not yet initialized. Only valid for MC2300 series chipsets

1 At maximum
velocity.

Set (1) when the commanded velocity is equal to the maximum velocity specified by
the host. Cleared (0) if it is not. This bit functions only when the profile mode is
trapezoidal, velocity contouring, or s-curve.  It will not function when the chipset is in
electronic gearing mode.

2 Position Tracking Set (1) when the servo is keeping the axis within the Tracking Window. Cleared (0)
when it is not. See Section 6.2.

3-5 Current Profile
Mode

These bits indicate the profile mode currently in effect, which might be different than
the value set using the SetProfileMode command if an Update command has not
yet been issued. The 3 bits define the current profile mode as follows:
ELW�� ELW�� ELW�� 3URILOH�0RGH
� � � WUDSH]RLGDO
� � � YHORFLW\�FRQWRXULQJ
� � � V�FXUYH
� � � HOHFWURQLF�JHDU

6 Axis-settled Set (1) when the axis has remained within the Settle Window for a specified period of
time. Cleared (0) if it has not. See Section 6.5

7 Reserved May contain 0 or 1
8 Motor mode Set (1) when the motor is "on", cleared (0) when the motor is "off". When the motor is

on this means that the chipset can perform trajectory operations, and for the servo
chipsets (MC2100 and MC2300) it means the chipset is in closed loop mode and the
servo loop is operating. When the motor is off this means trajectory operations can
not be performed and for the servo chipsets (MC2100 and MC2300) it means the
chipset is in open loop mode and the servo loop is disabled. The SetMotorMode
command is normally used to select the mode of the motor, however the chipset will
reset the mode to 0 (turn the motor off) if a motion error occurs.

9 Position capture Set (1) when a new position value is available to read from the high speed capture
hardware.  Cleared (0) when a new value is not yet been captured. While this bit is
set, no new values will be captured. The command GetCaptureValue retrieves a
captured position value and clears this bit, allowing additional captures to occur.

10 In-motion indicator Set (1) when the trajectory profile commanded position is changing. Cleared (0)
when the commanded position is not changing. The value of this bit may or may not
correspond to the value of the motion complete bit of the event status register
depending on whether the motion complete mode has been set to commanded or
actual.

11 In positive limit. Set (1) when the motor is in a positive limit condition. Cleared (0) when it is not.
12 In negative limit. Set (1) when the motor is in a negative limit condition. Cleared (0) when it is not.
13-15 S-curve segment Indicates the S-curve segment number using values 1-7 to indicate s-curve phases

1-7 as shown in the s-curve trajectory section of this manual. A value of 0 in this field
indicates the trajectory is not in motion.  This field is undefined for profile modes
other than s-curve, and may contain 0's or 1's.

7KH�FRPPDQG�GetActivityStatus�UHWXUQV�WKH�FRQWHQWV�RI�WKH�$FWLYLW\�6WDWXV�UHJLVWHU�IRU�WKH�VSHFLILHG
D[LV�
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����� 6LJQDO�6WDWXV

7KH�VLJQDO�VWDWXV�UHJLVWHU�SURYLGHV�UHDO�WLPH�VLJQDO�OHYHOV�IRU�YDULRXV�FKLSVHW�,�2�SLQV��7KH
6LJQDO6WDWXV�UHJLVWHU�LV�GHILQHG�LQ�WKH�WDEOH�EHORZ�

%LW 1DPH 'HVFULSWLRQ

0 A encoder A signal of quadrature encoder input.
1 B encoder B signal of quadrature encoder input.
2 Index encoder Index signal of quadrature encoder input
3 Home Home position capture input
4 Positive limit Positive limit switch input
5 Negative limit Negative limit switch input
6 AxisIn Generic axis input signal
7 Hall 1 Hall effect sensor input number 1 (MC2300 chipset only)
8 Hall 2 Hall effect sensor input number 2 (MC2300 chipset only)
9 Hall 3 Hall effect sensor input number 3 (MC2300 chipset only)
10 AxisOut Programmable axis output signal
11-15 Reserved
7KH�FRPPDQG�GetSignalStatus�UHWXUQV�WKH�FRQWHQWV�RI�WKH�6LJQDO�6WDWXV�UHJLVWHU�IRU�WKH�VSHFLILHG�D[LV�

$OO�6LJQDO�6WDWXV�UHJLVWHU�ELWV�DUH�LQSXWV�H[FHSW�ELW�����AxisOut��

7KH�ELWV�LQ�WKH�VLJQDO�VWDWXV�UHJLVWHU�DOZD\V�UHSUHVHQW�WKH�DFWXDO�KDUGZDUH�OHYHOV�RQ�WKH�FRUUHVSRQGLQJ
SLQV��$���LQ�WKLV�UHJLVWHU�UHSUHVHQWV�DQ�HOHFWULFDOO\�KLJK�YDOXH�RQ�WKH�SLQ��D���LQGLFDWHV�DQ�HOHFWULFDOO\
ORZ�OHYHO��7KH�VWDWH�RI�WKH�VLJQDO�VHQVH�PDVN�DIIHFWV�WKH�YDOXH�UHDG�XVLQJ�GetSignalStatus��VHH�WKH
QH[W�VHFWLRQ�IRU�PRUH�LQIRUPDWLRQ�RQ�WKH�VLJQDO�VHQVH�PDVN��

����� 6LJQDO�6HQVH�0DVN

7KH�ELWV�LQ�WKH�VLJQDO�VWDWXV�UHJLVWHU�UHSUHVHQW�WKH�KLJK�ORZ�VWDWH�RI�YDULRXV�VLJQDO�SLQV�RQ�WKH�FKLSVHW�
+RZ�WKHVH�VLJQDO�SLQV�DUH�LQWHUSUHWHG�E\�WKH�FKLSVHW�PD\�EH�FRQWUROOHG�XVLQJ�D�VLJQDO�VHQVH�PDVN�
7KLV�LV�XVHIXO�IRU�FKDQJLQJ�WKH�LQWHUSUHWDWLRQ�RI�LQSXW�VLJQDOV�WR�PDWFK�WKH�VLJQDO�LQWHUSUHWDWLRQ�RI�WKH
XVHU
V�KDUGZDUH�

7KH�6LJQDO6HQVH�PDVN�UHJLVWHU�LV�GHILQHG�LQ�WKH�WDEOH�EHORZ�

%LW 1DPH ,QWHUSUHWDWLRQ

0 A encoder Set (1) to invert quadrature A input signal. Clear (0) for no inversion.
1 B encoder Set (1) to invert quadrature B input signal. Clear (0) for no inversion.
2 Index encoder Set (1) to invert Index signal. Clear (0) for no inversion.
3 Home Set (1) to invert home signal. Clear (0) for no inversion.
4 Positive limit Set (1) for active high interpretation of positive limit switch, meaning positive limit

occurs when signal is high. Clear (0) for active low.
5 Negative limit Set (1) for active high interpretation of negative limit switch, , meaning negative limit

occurs when signal is high Clear (0) for active low
6 AxisIn Set (1) to invert AxisIn signal. Clear (0) for no inversion.
7 Hall 1 Set (1) to invert Hall 1 signal. Clear (0) for no inversion.
8 Hall 2 Set (1) to invert Hall 2 signal. Clear (0) for no inversion.
9 Hall 3 Set (1) to invert Hall 3 signal. Clear (0) for no inversion.
10 AxisOut Set (1) to invert AxisOut signal. Clear (0) for no inversion
11-15 Reserved
7KH�FRPPDQG�SetSignalSense sets the signal sense mask value. The command GetSignalSense
UHWULHYHV�WKH�FXUUHQW�VLJQDO�VHQVH�PDVN�
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� 0RQLWRULQJ�0RWLRQ�3HUIRUPDQFH

��� 0RWLRQ�(UURU

8QGHU�FHUWDLQ�FLUFXPVWDQFHV��WKH�DFWXDO�D[LV�SRVLWLRQ��HQFRGHU�SRVLWLRQ��PD\�GLIIHU�IURP�WKH
FRPPDQGHG�SRVLWLRQ��LQVWDQWDQHRXV�RXWSXW�RI�WKH�SURILOH�JHQHUDWRU��E\�DQ�H[FHVVLYH�DPRXQW��6XFK
DQ�H[FHVVLYH�SRVLWLRQ�HUURU�RIWHQ�LQGLFDWHV�D�SRWHQWLDOO\�GDQJHURXV�FRQGLWLRQ�VXFK�DV�PRWRU�RU
HQFRGHU�IDLOXUH��RU�H[FHVVLYH�PHFKDQLFDO�IULFWLRQ�

7R�GHWHFW�WKLV�FRQGLWLRQ��WKHUHE\�LQFUHDVLQJ�VDIHW\�DQG�HTXLSPHQW�ORQJHYLW\��WKH�1DYLJDWRU�FKLSVHWV
LQFOXGH�D�SURJUDPPDEOH�PD[LPXP�SRVLWLRQ�HUURU�

7KH�PD[LPXP�SRVLWLRQ�HUURU�LV�VHW�XVLQJ�WKH�FRPPDQG�SetPositionErrorLimit��DQG�UHDG�EDFN�XVLQJ
WKH�FRPPDQG�GetPositionErrorLimit��7R�GHWHUPLQH�ZKHWKHU�D�PRWLRQ�HUURU�KDV�RFFXUUHG�WKH
SRVLWLRQ�HUURU�OLPLW�LV�FRQWLQXRXVO\�FRPSDUHG�DJDLQVW�WKH�DFWXDO�SRVLWLRQ�HUURU��,I�WKH�SRVLWLRQ�HUURU
OLPLW�YDOXH�LV�H[FHHGHG��WKHQ�WKH�D[LV�LV�VDLG�WR�KDYH�KDG�D��PRWLRQ�HUURU��

$W�WKH�PRPHQW�D�PRWLRQ�HUURU�RFFXUV�VHYHUDO�HYHQWV�RFFXU�VLPXOWDQHRXVO\��7KH�IROORZLQJ�OLVW
GHVFULEHV�WKHVH�HYHQWV�

− 0RWLRQ�(UURU�ELW�RI�WKH�HYHQW�VWDWXV�ZRUG�LV�VHW

− ,I�DXWRPDWLF�VWRS�RQ�PRWLRQ�HUURU�LV�HQDEOHG�WKH�PRWRU�LV�VHW�RII��ZKLFK�KDV�WKH�HIIHFW�RI�WKH
GLVDEOLQJ�WKH�WUDMHFWRU\�JHQHUDWRU��IRU�DOO�FKLSVHWV��DQG�IRU�WKH�VHUYR�FKLSVHWV��0&�����DQG
0&������KDV�WKH�DGGLWLRQDO�DIIHFW�RI�GLVDEOLQJ�WKH�VHUYR�ORRS�DQG�SODFLQJ�WKH�FKLSVHW�LQWR
RSHQ�ORRS�PRGH��7KLV�LV�WKH�HTXLYDOHQW�WR�D�SetMotorMode axis, Off FRPPDQG.

7R�UHFRYHU�IURP�D�PRWLRQ�HUURU�WKDW�UHVXOWV�LQ�WKH�PRWRU�EHLQJ�WXUQHG�RII��WKH�IROORZLQJ�VHTXHQFH
VKRXOG�EH�SHUIRUPHG�

�� 'HWHUPLQH�FDXVH�RI�PRWLRQ�HUURU�DQG�FRUUHFW�SUREOHP��WKLV�PD\�UHTXLUH�KXPDQ
LQWHUYHQWLRQ��

�� ,VVXH�D�SetMotorMode axis, On FRPPDQG�IROORZHG�E\�DQ�Update�FRPPDQG

$IWHU�WKH�DERYH�VHTXHQFH��WKH�D[LV�ZLOO�EH�DW�UHVW��ZLWK�WKH�PRWRU�RQ�

,I�DXWRPDWLF�VWRS�RQ�PRWLRQ�HUURU�LV�QRW�VHW�WKHQ�RQO\�WKH�PRWLRQ�HUURU�VWDWXV�ELW�LV�VHW��WKH�PRWRU�LV
QRW�VWRSSHG�DQG�QR�UHFRYHU\�VHTXHQFH�LV�UHTXLUHG�WR�FRQWLQXH�RSHUDWLQJ�WKH�FKLSVHW��1HYHUWKHOHVV�
IRU�VDIHW\�UHDVRQV��WKH�XVHU�PD\�VWLOO�ZDQW�WR�PDQXDOO\�VKXW�GRZQ�WKH�PRWLRQ�DQG�H[SORUH�WKH�FDXVH�RI
WKH�PRWLRQ�HUURU�

����� $XWRPDWLF�6WRS�2Q�0RWLRQ�(UURU

%HFDXVH�D�PRWLRQ�HUURU�PD\�LQGLFDWH�D�VHULRXV�SUREOHP�LW�LV�XVHIXO�WR�KDYH�WKH�D[LV�DXWRPDWLFDOO\�VWRS
XQWLO�WKH�SUREOHP�FDQ�EH�DGGUHVVHG�DQG�UHFWLILHG��7KLV�IHDWXUH�LV�NQRZQ�DV�DXWRPDWLF�VWRS�RQ�PRWLRQ
HUURU�

7KH�FRPPDQG�SetAutoStopMode�FRQWUROV�WKH�DFWLRQ�WKDW�ZLOO�EH�WDNHQ�LI�D�PRWLRQ�HUURU�RFFXUV��7KH
RSWLRQV�IRU�WKLV�FRPPDQG�DUH�GLVDEOH�DQG�HQDEOH�

,I�autostop�LV�HQDEOHG��ZKHQ�D�PRWLRQ�HUURU�RFFXUV�D�SetMotorMode�2II�FRPPDQG�LV�JHQHUDWHG
ZKLFK�KDV�WKH�HIIHFW�RI�LQVWDQWDQHRXVO\�KDOWLQJ�WKH�WUDMHFWRU\�JHQHUDWRU�DQG��IRU�VHUYR�FKLSVHWV�
SXWWLQJ�WKH�FKLSVHW�LQWR�RSHQ�ORRS�

)RU�VWHSSLQJ�FKLSVHWV�WKH�PRWRU�ZLOO�VWRS�PRYLQJ�LPPHGLDWHO\��VDPH�DV�DQ�DEUXSW�VWRS���)RU�VHUYR
FKLSVHWV��0&�����DQG�0&������WKH�WUDMHFWRU\�ZLOO�VWRS�LQVWDQWO\�EXW�EHFDXVH�PRWRU�RII�PHDQV�RSHQ
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ORRS�PRGH�WKH�PRWRU�ZLOO�FRDVW�WR�D�VWRS�QRW�XQGHU�VHUYR�FRQWURO�LQ�DQ�DPRXQW�RI�WLPH�GHWHUPLQHG
E\�WKH�YHORFLW\�DW�WLPH�RI�PRWLRQ�HUURU�DQG�WKH�LQHUWLD�RI�WKH�V\VWHP�

)RU�WKH�VHUYR�FKLSVHWV��WUDQVLWLRQLQJ�WR�RSHQ�ORRS�PRGH�FDQ�EH�GDQJHURXV�LI�WKH�D[LV�LV�RULHQWHG
YHUWLFDOO\��VR�WKDW�WKH�D[LV�PD\�IDOO�GRZQZDUG�GXH�WR�JUDYLW\�LI�QRW�VXSSRUWHG�E\�WKH�VHUYR�IHHGEDFN�
7KLV�SUREOHP�FDQ�EH�UHFWLILHG�E\�XVH�RI�WKH�PRWRU�ELDV�YDOXH��ZKLFK�LV�GLVFXVVHG�LQ�WKH�6HUYR�)LOWHU
VHFWLRQV�RI�WKLV�GRFXPHQW��7KH�PRWRU�ELDV�LV�D�IL[HG��RSHQ�ORRS�FRPPDQG�WR�WKH�PRWRU��ZKLFK�LV
QRUPDOO\�DGGHG�WR�WKH�3,'�ILOWHU�RXWSXW��8SRQ�D�PRWLRQ�HUURU�ZLWK�DXWRPDWLF�VWRS�HQDEOHG�WKH�PRWRU
ELDV�ZLOO�EH�RXWSXW�HYHQ�ZKLOH�WKH�FKLSVHW�LV�LQ�RSHQ�ORRS�PRGH�

7KLV�PHDQV�WKDW�ZLWK�D�SURSHUO\�VHW�PRWRU�ELDV��ZKHQ�WKH�D[LV�H[SHULHQFHV�D�PRWLRQ�HUURU�DQG
WUDQVLWLRQV�WR�RSHQ�ORRS�PRGH��WKH�PRWRU�ELDV�FDQ�SUHYHQW�WKH�D[LV�IURP�IDOOLQJ�

&DXWLRQ��%HFDXVH�WKH�PRWRU�ELDV�YDOXH�LV�DSSOLHG�
RSHQ�ORRS
�WR�WKH�D[LV��FDUH�VKRXOG�EH
WDNHQ�ZKHQ�VHWWLQJ�LWV�YDOXH�

��� 7UDFNLQJ�ZLQGRZ

7KH�1DYLJDWRU�FKLSVHWV�SURYLGH�D�SURJUDPPDEOH�WUDFNLQJ�ZLQGRZ�WKDW�FDQ�EH�XVHG�WR�PRQLWRU�VHUYR
SHUIRUPDQFH�RXWVLGH�WKH�FRQWH[W�RI�D�PRWLRQ�HUURU��7KH�WUDFNLQJ�ZLQGRZ�IXQFWLRQV�VLPLODUO\�WR�WKH
PRWLRQ�HUURU��LQ�WKDW�WKHUH�LV�D�SURJUDPPDEOH�SRVLWLRQ�HUURU�OLPLW�ZLWKLQ�ZKLFK�WKH�D[LV�PXVW�VWD\�
8QOLNH�WKH�PRWLRQ�HUURU�IDFLOLW\�KRZHYHU��LI�WKH�D[LV�PRYHV�RXWVLGH�RI�WKH�WUDFNLQJ�ZLQGRZ�WKH�D[LV�LV
QRW�VWRSSHG��7KH�WUDFNLQJ�ZLQGRZ�LV�XVHIXO�ZKHQ�H[WHUQDO�SURFHVVHV�GHSHQG�RQ�WKH�PRWRU�WUDFNLQJ
WKH�GHVLUHG�WUDMHFWRU\�ZLWKLQ�VRPH�UDQJH��$OWHUQDWLYHO\�WKH�WUDFNLQJ�ZLQGRZ�FDQ�EH�XVHG�DV�DQ�HDUO\
ZDUQLQJ�IRU�SHUIRUPDQFH�SUREOHPV�WKDW�GR�QRW�\HW�TXDOLI\�DV�D�PRWLRQ�HUURU�

7R�VHW�WKH�VL]H�RI�WKH�WUDFNLQJ�ZLQGRZ��PD[LPXP�DOORZHG�SRVLWLRQ�HUURU�WR�VWD\�ZLWKLQ�WKH�WUDFNLQJ
ZLQGRZ��WKH�FRPPDQG�SetTrackingWindow�LV�XVHG��7KH�FRPPDQG�GetTrackingWindow�UHWULHYHV
WKLV�VDPH�YDOXH�

:KHQ�WKH�SRVLWLRQ�HUURU�LV�OHVV�WKDQ�RU�HTXDO�WR�WKH�ZLQGRZ�YDOXH�WKH�WUDFNLQJ�ELW�LQ�WKH�DFWLYLW\
VWDWXV�UHJLVWHU�LV�VHW���:KHQ�WKH�SRVLWLRQ�HUURU�H[FHHGV�WKH�WUDFNLQJ�ZLQGRZ�YDOXH��WKH�WUDFNLQJ�ELW�LV
FOHDUHG���6HH�)LJXUH�����

��� 0RWLRQ�&RPSOHWH�,QGLFDWRU

,Q�PDQ\�FDVHV�LW�LV�XVHIXO�WR�KDYH�WKH�FKLSVHW�VLJQDO�WKDW�D�JLYH�PRWLRQ�LV�FRPSOHWHG��7KLV�IXQFWLRQ�LV
DYDLODEOH�LQ�WKH�PRWLRQ�FRPSOHWH�LQGLFDWRU�

7KH�PRWLRQ�FRPSOHWH�LQGLFDWRU�DSSHDUV�LQ�ELW���RI�WKH�HYHQW�VWDWXV�UHJLVWHU��$V�DUH�DOO�ELWV�LQ�WKH�HYHQW
VWDWXV�UHJLVWHU�WKH�PRWLRQ�FRPSOHWH�ELW�LV�VHW�E\�WKH�FKLSVHW�DQG�FOHDUHG�E\�WKH�KRVW��:KHQ�D�PRWLRQ
KDV�EHHQ�FRPSOHWHG��WKH�FKLSVHW�VHWV�WKH�PRWLRQ�FRPSOHWH�ELW�RQ��7KH�KRVW�FDQ�H[DPLQH�WKLV�ELW�E\
SROOLQJ�WKH�HYHQW�VWDWXV�UHJLVWHU�RU�WKH�KRVW�FDQ�SURJUDP�VRPH�DXWRPDWLF�IROORZ�RQ�IXQFWLRQ�XVLQJ�D
EUHDNSRLQW��D�KRVW�LQWHUUXSW��RU�DQ�AxisOut�VLJQDO��,Q�HLWKHU�FDVH��RQFH�WKH�KRVW�KDV�UHFRJQL]HG�WKDW�WKH
PRWLRQ�KDV�EHHQ�FRPSOHWHG�WKH�KRVW�VKRXOG�FOHDU�WKH�PRWLRQ�FRPSOHWH�ELW��HQDEOLQJ�WKH�ELW�WR
LQGLFDWH�WKH�HQG�RI�PRWLRQ�IRU�WKH�QH[W�PRYH�

0RWLRQ�FRPSOHWH�FDQ�LQGLFDWH�WKH�HQG�RI�WKH�WUDMHFWRU\�PRWLRQ�LQ�RQH�RI�WZR�ZD\V��7KH�ILUVW�LV
FRPPDQGHG�EDVHG��WKH�PRWLRQ�FRPSOHWH�LQGLFDWRU�LV�VHW�EDVHG�RQ�WKH�SURILOH�JHQHUDWRU�SRVLWLRQ�RQO\�
7KH�RWKHU�PHWKRG�LV�DFWXDO�EDVHG��PHDQLQJ�WKH�PRWLRQ�FRPSOHWH�LQGLFDWRU�LV�EDVHG�RQ�WKH�DFWXDO
HQFRGHU�

7KH�KRVW�LQVWUXFWLRQ�SetMotionCompleteMode GHWHUPLQHV�ZKLFK�FRQGLWLRQ�FRQWUROV�WKH�LQGLFDWRU�

:KHQ�VHW�WR�FRPPDQGHG��WKH�PRWLRQ�LV�FRQVLGHUHG�FRPSOHWH�ZKHQ�WKH�FRPPDQGHG�YHORFLW\�DQG
DFFHOHUDWLRQ�YDOXHV�ERWK�EHFRPH�]HUR��7KLV�QRUPDOO\�KDSSHQV�DW�WKH�HQG�RI�D�PRYH�ZKHQ�WKH
GHVWLQDWLRQ�SRVLWLRQ�KDV�EHHQ�UHDFKHG��%XW�LW�PD\�DOVR�KDSSHQ�DV�WKH�UHVXOW�RI�D�VWRS�FRPPDQG
�SetStop�FRPPDQG���D�FKDQJH�RI�YHORFLW\�WR�]HUR��RU�ZKHQ�D�OLPLW�VZLWFK�HYHQW�RFFXUV�
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:KHQ�VHW�WR�DFWXDO�EDVHG�WKH�PRWLRQ�LV�FRQVLGHUHG�FRPSOHWH�ZKHQ�DOO�RI�WKH�IROORZLQJ�KDYH�RFFXUUHG�

• 7KH�SURILOH�JHQHUDWRU��FRPPDQGHG��PRWLRQ�LV�FRPSOHWH

• 7KH�GLIIHUHQFH�EHWZHHQ�WKH�DFWXDO�SRVLWLRQ�DQG�WKH�FRPPDQGHG�SRVLWLRQ�LV�OHVV�WKHQ�RU�HTXDO�WR
WKH�YDOXH�RI�WKH�VHWWOH�ZLQGRZ��7KH�VHWWOH�ZLQGRZ�LV�VHW�XVLQJ�WKH�FRPPDQG�SetSettleWindow�
7KLV�VDPH�YDOXH�PD\�EH�UHDG�EDFN�XVLQJ�WKH�FRPPDQG�GetSettleWindow�

• 7KH�DERYH�WZR�FRQGLWLRQV�KDYH�EHHQ�PHW�FRQWLQXRXVO\�IRU�WKH�ODVW�1�F\FOHV��ZKHUH�1�LV�WKH
SURJUDPPHG�VHWWOH�WLPH�7KH�VHWWOH�WLPH�LV�VHW�XVLQJ�WKH�FRPPDQG�SetSettleTime��7KLV�VDPH
YDOXH�PD\�EH�UHDG�EDFN�XVLQJ�WKH�FRPPDQG�GetSettleTime�

$W�WKH�HQG�RI�WKH�WUDMHFWRU\�SURILOH�WKH�F\FOH�WLPHU�IRU�WKH�DFWXDO�EDVHG�PRWLRQ�FRPSOHWH�PHFKDQLVP
LV�FOHDUHG��VR�WKHUH�ZLOO�DOZD\V�EH�DW�OHDVW�DQ�1�F\FOH�GHOD\��ZKHUH�LV�WKH�VHWWOH�WLPH��EHWZHHQ�WKH
SURILOH�JHQHUDWRU�EHLQJ�FRPSOHWH�DQG�WKH�PRWLRQ�FRPSOHWH�ELW�EHLQJ�VHW�

$SSURSULDWH�VRIWZDUH�PHWKRGV�VKRXOG�EH�XVHG�ZLWK�WKH�DFWXDO�EDVHG�PRWLRQ�FRPSOHWH�PRGH
EHFDXVH�LW�LV�LQ�IDFW�SRVVLEOH�WKDW�WKH�PRWLRQ�FRPSOHWH�ELW�ZLOO�QHYHU�EH�VHW�LI�WKH�VHUYR�LV�QRW
WUDFNLQJ�ZHOO�HQRXJK�WR�VWD\�ZLWKLQ�WKH�SURJUDPPHG�SRVLWLRQ�HUURU�ZLQGRZ�IRU�WKH�VSHFLILHG
VHWWOH�WLPH�

7KH�PRWLRQ�FRPSOHWH�ELW�IXQFWLRQV�LQ�WKH�6�FXUYH�SRLQW�WR�SRLQW��7UDSH]RLGDO�SRLQW�WR�SRLQW�
DQG�9HORFLW\�&RQWRXULQJ�SURILOH�PRGHV�RQO\��,W�GRHV�QRW�IXQFWLRQ�ZKHQ�WKH�SURILOH�PRGH�LV
VHW�WR�(OHFWURQLF�*HDULQJ�

��� ,Q�PRWLRQ�LQGLFDWRU

7KH�FKLSVHW�FDQ�LQGLFDWH�ZKHWKHU�RU�QRW�WKH�D[LV�LV�PRYLQJ��7KLV�IXQFWLRQ�LV�DYDLODEOH�LQ�WKH�
LQ�
PRWLRQ
�LQGLFDWRU�

7KH�LQ�PRWLRQ�LQGLFDWRU�DSSHDUV�LQ�ELW����RI�WKH�DFWLYLW\�VWDWXV�UHJLVWHU��7KH�LQ�PRWLRQ�ELW�LV�VLPLODU�WR
WKH�PRWLRQ�FRPSOHWH�ELW�KRZHYHU�WKHUH�DUH�WZR�LPSRUWDQW�GLIIHUHQFHV��7KH�ILUVW�LV�WKDW��OLNH�DOO�ELWV�LQ
WKH�DFWLYLW\�VWDWXV�UHJLVWHU��WKH�LQ�PRWLRQ�LQGLFDWRU�FRQWLQXRXVO\�LQGLFDWHV�LWV�VWDWXV�ZLWKRXW
LQWHUDFWLRQ�ZLWK�WKH�KRVW��,Q�RWKHU�ZRUGV�WKH�LQ�PRWLRQ�ELW�FDQQRW�EH�VHW�RU�FOHDUHG�E\�WKH�KRVW��7KH
RWKHU�GLIIHUHQFH�LV�WKDW�WKLV�ELW�DOZD\V�LQGLFDWHV�WKH�SURILOH�JHQHUDWRU��FRPPDQGHG��VWDWH�RI�PRWLRQ�
QRW�WKH�DFWXDO�HQFRGHU�

7KH�LQ�PRWLRQ�LQGLFDWRU�ELW�IXQFWLRQV�LQ�WKH�6�FXUYH�SRLQW�WR�SRLQW��7UDSH]RLGDO�SRLQW�WR�
SRLQW��DQG�9HORFLW\�&RQWRXULQJ�SURILOH�PRGHV�RQO\��,W�GRHV�QRW�IXQFWLRQ�ZKHQ�WKH�SURILOH
PRGH�LV�VHW�WR�HOHFWURQLF�JHDULQJ�

��� 6HWWOHG�LQGLFDWRU

7KH�FKLSVHW�FDQ�DOVR�FRQWLQXRXVO\�LQGLFDWH�ZKHWKHU�RU�QRW�WKH�D[LV�LV�
VHWWOHG
�

7KH�VHWWOHG�LQGLFDWRU�DSSHDUV�LQ�ELW���RI�WKH�DFWLYLW\�VWDWXV�UHJLVWHU��7KH�VHWWOHG�LQGLFDWRU�LV�VLPLODU�WR
WKH�PRWLRQ�FRPSOHWH�ELW�ZKHQ�WKH�PRWLRQ�FRPSOHWH�PRGH�LV�VHW�WR�DFWXDO�EDVHG��7KH�GLIIHUHQFHV�DUH
WKDW�WKH�VHWWOHG�LQGLFDWRU�FRQWLQXRXVO\�LQGLFDWHV�LWV�VWDWXV��FDQ�QRW�EH�VHW�RU�FOHDUHG��DQG�DOVR�WKDW�LW
LQGLFDWHV�UHJDUGOHVV�RI�ZKHWKHU�RU�QRW�WKH�PRWLRQ�FRPSOHWH�PRGH�LV�VHW�WR�DFWXDO�EDVHG�

7KH�D[LV�LV�FRQVLGHUHG�WR�EH�
VHWWOHG
�ZKHQ�WKH�D[LV�LV�DW�UHVW��L�H��QRW�SHUIRUPLQJ�D�WUDMHFWRU\�SURILOH�
DQG�ZKHQ�WKH�DFWXDO�PRWRU�SRVLWLRQ�KDV�VHWWOHG�LQ�DW�WKH�FRPPDQGHG�SRVLWLRQ�IRU�WKH�SURJUDPPHG
VHWWOH�WLPH�

7KH�VHWWOH�ZLQGRZ�DQG�VHWWOH�WLPH�XVHG�ZLWK�WKH�VHWWOHG�LQGLFDWRU�DUH�WKH�VDPH�DV�IRU�WKH�PRWLRQ
FRPSOHWH�ELW�ZKHQ�VHW�WR�DFWXDO�EDVHG��&RUUHVSRQGLQJO\�WKH�VDPH�FRPPDQGV�DUH�XVHG�WR�VHW�DQG�UHDG
WKHVH�YDOXHV��SetSettleWindow��GetSettleWindow��SetSettleTime��GetSettleTime�
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Figure 6-1. The tracking window
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Figure 6-2. The settle window

��� 'DWD�7UDFH

'DWD�WUDFH�LV�D�SRZHUIXO�IHDWXUH�RI�WKH�1DYLJDWRU�FKLSVHW�WKDW�DOORZV�YDULRXV�FKLSVHW�SDUDPHWHUV�DQG
UHJLVWHUV�WR�EH�FRQWLQXRXVO\�FDSWXUHG�DQG�VWRUHG�WR�DQ�H[WHUQDO�PHPRU\�EXIIHU��7KH�FDSWXUHG�GDWD
PD\�ODWHU�EH�GRZQORDGHG�E\�WKH�KRVW�XVLQJ�VWDQGDUG�PHPRU\�EXIIHU�DFFHVV�FRPPDQGV���'DWD�WUDFHV
DUH�XVHIXO�IRU�RSWLPL]LQJ�VHUYR�SHUIRUPDQFH��YHULI\LQJ�WUDMHFWRU\�EHKDYLRU��FDSWXULQJ�VHQVRU�GDWD��RU
WR�DVVLVW�ZLWK�DQ\�W\SH�RI�PRQLWRULQJ�ZKHUH�D�SUHFLVH�WLPH�EDVHG�UHFRUG�RI�WKH�V\VWHP
V�EHKDYLRU�LV
QHHGHG�

*HQHUDOO\�WUDFH�GDWD�FDSWXUH��E\�WKH�FKLSVHW��DQG�WUDFH�GDWD�UHWULHYDO��E\�WKH�KRVW��DUH�H[HFXWHG�DV�WZR
VHSDUDWH�SURFHVVHV��7KH�KRVW�VSHFLILHV�ZKLFK�SDUDPHWHUV�ZLOO�EH�FDSWXUHG��DQG�KRZ�WKH�WUDFH�ZLOO�EH
H[HFXWHG��7KHQ�WKH�FKLSVHW�SHUIRUPV�WKH�WUDFH��DQG�ILQDOO\�WKH�KRVW�UHWULHYHV�WKH�GDWD�DIWHU�WKH�WUDFH�LV
FRPSOHWH��,W�LV�DOVR�SRVVLEOH�KRZHYHU�WR�SHUIRUP�FRQWLQXRXV�GDWD�UHWULHYDO�HYHQ�DV�WKH�FKLSVHW�LV
FRQWLQXLQJ�WR�FROOHFW�DGGLWLRQDO�GDWD�WUDFH�

7R�VWDUW�D�WUDFH�WKH�KRVW�PXVW�VSHFLI\�D�QXPEHU�RI�SDUDPHWHUV��7KH\�DUH�OLVWHG�EHORZ�

7UDFH�EXIIHU���7KH�KRVW�PXVW�LQLWLDOL]H�WKH�GDWD�WUDFH�EXIIHU�PHPRU\��7KH�1DYLJDWRU�FKLSVHW�SURYLGHV
VSHFLDO�LQVWUXFWLRQV�WR�LQLWLDOL]H�H[WHUQDO�PHPRU\�LQWR�EXIIHUV��DOORZLQJ�YDULRXV�VL]HV�DQG�VWDUW
ORFDWLRQV�RI�H[WHUQDO�PHPRU\�WR�EH�XVHG�IRU�WUDFLQJ�

7UDFH�YDULDEOHV���7KHUH�DUH����VHSDUDWH�LWHPV�ZLWKLQ�WKH�FKLSVHW�WKDW�FDQ�EH�VWRUHG�VXFK�DV�DFWXDO
SRVLWLRQ��HYHQW�VWDWXV�UHJLVWHU��SRVLWLRQ�HUURU��HWF��7KH�XVHU�PXVW�VHOHFW�ZKLFK�YDULDEOHV��DQG�IURP
ZKDW�D[HV��GDWD�ZLOO�EH�UHFRUGHG�

7UDFH�SHULRG���7KH�FKLSVHW�FDQ�FDSWXUH�WKH�YDOXH�RI�WKH�WUDFH�YDULDEOHV�HYHU\�VLQJOH�FKLSVHW�F\FOH�
HYHU\�RWKHU�F\FOH��RU�DW�DQ\�SURJUDPPHG�IUHTXHQF\��7KH�SHULRG�RI�GDWD�FROOHFWLRQ�DQG�VWRUDJH�PXVW
EH�VSHFLILHG�
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7UDFH�PRGH���7KH�FKLSVHW�FDQ�WUDFH�LQ�RQH�RI�WZR�PRGHV��RQH�WLPH��RU�UROOLQJ�PRGH��7KLV�GHWHUPLQHV
KRZ�WKH�GDWD�LV�VWRUHG�DQG�ZKHWKHU�WKH�WUDFH�ZLOO�VWRS�DXWRPDWLFDOO\��RU�ZKHWKHU�LW�PXVW�EH�VWRSSHG
E\�WKH�KRVW�

7UDFH�VWDUW�VWRS�FRQGLWLRQV��7R�DOORZ�SUHFLVH�V\QFKURQL]DWLRQ�RI�GDWD�FROOHFWLRQ�LW�LV�SRVVLEOH�WR
GHILQH�WKH�VWDUW�DQG�VWRS�FRQGLWLRQV�IRU�D�JLYHQ�WUDFH��7KH�FKLSVHW�PRQLWRUV�WKHVH�VSHFLILHG�FRQGLWLRQV
DQG�VWDUWV�RU�VWRSV�WKH�WUDFH�DXWRPDWLFDOO\�ZLWKRXW�KRVW�LQWHUYHQWLRQ�

����� 7KH�WUDFH�EXIIHU

7KH�1DYLJDWRU�FKLSVHW�RUJDQL]HV�H[WHUQDO�PHPRU\�LQWR�GDWD�EXIIHUV��(DFK�EXIIHU�LV�JLYHQ�D�QXPHULFDO
,'��7KH�WUDFH�EXIIHU�PXVW�DOZD\V�EH�,'����]HUR����%HIRUH�SDUDPHWHU�WUDFHV�PD\�EH�XVHG��PHPRU\
EXIIHU���PXVW�EH�SURJUDPPHG�ZLWK�D�YDOLG�EDVH�DGGUHVV�DQG�OHQJWK���5HIHU�WR��������IRU�PRUH
LQIRUPDWLRQ�

7KH�VL]H�RI�WKH�WUDFH�EXIIHU�GHWHUPLQHV�WKH�PD[LPXP�QXPEHU�RI�GDWD�SRLQWV�WKDW�PD\�EH�FDSWXUHG�
7KH�PD[LPXP�VL]H�RI�WKH�WUDFH�EXIIHU�LV�RQO\�OLPLWHG�E\�WKH�DPRXQW�RI�SK\VLFDO�PHPRU\�LQ�WKH
V\VWHP���7KH�DGGUHVVDEOH�PHPRU\�VSDFH�DOORZV�XS�WR�������0HJDZRUGV�RI�5$0�WR�EH�LQVWDOOHG��DOO�RI
ZKLFK��ZLWK�WKH�H[FHSWLRQ�RI�WKH�ILUVW��.��PD\�EH�XVHG�WR�VWRUH�WUDFH�LQIRUPDWLRQ�

:KLOH�WUDFH�GDWD�LV�EHLQJ�FROOHFWHG��LW�LV�QRW�OHJDO�WR�FKDQJH�WKH�WUDFH�EXIIHU�FRQILJXUDWLRQ���,I�DQ
DWWHPSW�LV�PDGH�WR�FKDQJH�WKH�EDVH�DGGUHVV��OHQJWK��RU�ZULWH�SRLQWHU�DVVRFLDWHG�ZLWK�EXIIHU���ZKLOH�D
WUDFH�LV�UXQQLQJ��WKH�FKDQJH�ZLOO�EH�LJQRUHG�DQG�DQ�HUURU�ZLOO�EH�IODJJHG���,W�LV��KRZHYHU��SRVVLEOH�WR
FKDQJH�WKH�UHDG�SRLQWHU�DQG�UHDG�GDWD�IURP�WKH�WUDFH�EXIIHU�ZKLOH�D�WUDFH�LV�UXQQLQJ���7KLV�DOORZV�WKH
EXIIHU�WR�EH�FRQVWDQWO\�HPSWLHG�ZKLOH�WKH�WUDFH�UXQV�

����� 7KH�WUDFH�SHULRG

7KH�WUDFLQJ�V\VWHP�VXSSRUWV�D�FRQILJXUDEOH�SHULRG�UHJLVWHU�WKDW�GHILQHV�WKH�IUHTXHQF\�DW�ZKLFK�GDWD�LV
VWRUHG�WR�WKH�WUDFH�EXIIHU���7KH�WUDFLQJ�IUHTXHQF\�LV�VSHFLILHG�LQ�XQLWV�RI�FKLSVHW�F\FOHV��ZKHUH�RQH
F\FOH�LV�WKH�WLPH�UHTXLUHG�WR�SURFHVV�DOO�HQDEOHG�D[HV�

7KH�FRPPDQG�SetTracePeriod VHWV�WKH�WUDFH�SHULRG��WKH�FRPPDQG GetTracePeriod UHWULHYHV�LW.

����� 7UDFH�YDULDEOHV

:KHQ�WUDFHV�DUH�UXQQLQJ��RQH�WR�IRXU�FKLSVHW�SDUDPHWHUV�PD\�EH�VWRUHG�WR�WKH�WUDFH�EXIIHU�HYHU\�WUDFH
SHULRG���7KH�IRXU�WUDFH�YDULDEOH�UHJLVWHUV�DUH�XVHG�WR�GHILQH�ZKLFK�SDUDPHWHUV�DUH�VWRUHG���8VH�WKH
IROORZLQJ�FRPPDQGV�WR�FRQILJXUH�WKH�WUDFH�YDULDEOHV�

7KH�FRPPDQG�SetTraceVariable�VHOHFWV�ZKLFK�WUDFHDEOH�SDUDPHWHU�ZLOO�EH�VWRUHG�E\�WKH�WUDFH
YDULDEOH�VSHFLILHG��7KH�FRPPDQG�GetTraceVariable�UHWULHYHV�WKLV�VDPH�YDOXH

7KH�WUDFH�parameter�YDOXH�SDVVHG�DQG�UHWXUQHG�E\�WKH�SUHFHGLQJ�WZR�FRPPDQGV�VSHFLILHV�WKH�D[LV�DQG
W\SH�RI�GDWD�WR�EH�VWRUHG���7KH�IRUPDW�RI�WKLV�ZRUG�LV�DV�IROORZV�

%LWV 1DPH 'HVFULSWLRQ

��� $[LV 6HOHFWV�WKH�VRXUFH�D[LV�IRU�WKH�SDUDPHWHU

��� 5HVHUYHG 0XVW�EH�ZULWWHQ�DV�]HUR�

���� ,' 6HOHFWV�WKH�SDUDPHWHU�WR�EH�VWRUHG�
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7KH�VXSSRUWHG�SDUDPHWHU�,'�YDOXHV�DUH�

,' 1DPH 'HVFULSWLRQ

� 1RQH ,QGLFDWHV�WKDW�QR�GDWD�LV�VHOHFWHG�IRU�WKH�WUDFH�YDULDEOH

� 3RVLWLRQ�(UURU 7KH�GLIIHUHQFH�EHWZHHQ�WKH�DFWXDO�DQG�FRPPDQGHG�SRVLWLRQ�YDOXHV�IRU
WKH�VSHFLILHG�D[LV�

� &RPPDQGHG
3RVLWLRQ

7KH�LQVWDQWDQHRXV�FRPPDQGHG�SRVLWLRQ�RXWSXW�IURP�WKH�SURILOH
JHQHUDWRU�

� &RPPDQGHG
9HORFLW\

7KH�LQVWDQWDQHRXV�FRPPDQGHG�YHORFLW\�RXWSXW�IURP�WKH�SURILOH
JHQHUDWRU�

� &RPPDQGHG
$FFHOHUDWLRQ

7KH�LQVWDQWDQHRXV�FRPPDQGHG�DFFHOHUDWLRQ�RXWSXW�IURP�WKH�SURILOH
JHQHUDWRU�

� $FWXDO�3RVLWLRQ 7KH�DFWXDO�SRVLWLRQ�RI�WKH�PRWRU�

� $FWXDO�9HORFLW\ $Q�HVWLPDWHG�DFWXDO�YHORFLW\��FDOFXODWHG�XVLQJ�D�VLPSOH�ORZ�SDVV�ILOWHU��

� 0RWRU�7RUTXH &RPPDQGHG�PRWRU�WRUTXH��RXWSXW�RI�WKH�VHUYR�ILOWHU��

� &KLSVHW�7LPH 7KH�FKLSVHW�WLPH��XQLWV�RI�VHUYR�F\FOHV��

� &DSWXUH�9DOXH 7KH�FXUUHQW�FRQWHQWV�RI�WKH�KLJK�VSHHG�FDSWXUH�UHJLVWHU�

�� 6HUYR�,QWHJUDO 7KH�LQWHJUDO�YDOXH�XVHG�LQ�WKH�VHUYR�ILOWHU�

�� 6HUYR�'HULYDWLYH 7KH�GHULYDWLYH�YDOXH�XVHG�LQ�WKH�VHUYR�ILOWHU�

�� (YHQW�6WDWXV 7KH�FXUUHQW�FRQWHQWV�RI�WKH�HYHQW�VWDWXV�UHJLVWHU�

�� $FWLYLW\�6WDWXV 7KH�FXUUHQW�FRQWHQWV�RI�WKH�DFWLYLW\�VWDWXV�UHJLVWHU�

�� 6LJQDO�6WDWXV 7KH�FXUUHQW�FRQWHQWV�RI�WKH�VLJQDO�VWDWXV�UHJLVWHU�

�� 3KDVH�$QJOH 7KH�FXUUHQW�PRWRU�SKDVH�DQJOH��EUXVKOHVV�PRWRUV�RQO\��

�� 3KDVH�2IIVHW 7KH�FXUUHQW�SKDVH�RIIVHW�YDOXH��EUXVKOHVV�PRWRUV�RQO\��

�� :LQGLQJ���&XUUHQW 7KH�YDOXH�FXUUHQWO\�EHLQJ�RXWSXW�WR�PRWRU�ZLQGLQJ���

�� :LQGLQJ���&XUUHQW 7KH�YDOXH�FXUUHQWO\�EHLQJ�RXWSXW�WR�PRWRU�ZLQGLQJ�����2QO\�YDOLG�IRU
WZR�RU�WKUHH�SKDVH�PRWRUV�

�� :LQGLQJ���&XUUHQW 7KH�YDOXH�FXUUHQWO\�EHLQJ�RXWSXW�WR�PRWRU�ZLQGLQJ�����2QO\�YDOLG�IRU
WKUHH�SKDVH�PRWRUV�

�� $QDORJ�LQSXW�� 7KH�PRVW�UHFHQWO\�UHDG�YDOXH�IURP�DQDORJ�LQSXW���

�� $QDORJ�LQSXW�� 7KH�PRVW�UHFHQWO\�UHDG�YDOXH�IURP�DQDORJ�LQSXW���

�� $QDORJ�LQSXW�� 7KH�PRVW�UHFHQWO\�UHDG�YDOXH�IURP�DQDORJ�LQSXW���

�� $QDORJ�LQSXW�� 7KH�PRVW�UHFHQWO\�UHDG�YDOXH�IURP�DQDORJ�LQSXW���

�� $QDORJ�LQSXW�� 7KH�PRVW�UHFHQWO\�UHDG�YDOXH�IURP�DQDORJ�LQSXW���

�� $QDORJ�LQSXW�� 7KH�PRVW�UHFHQWO\�UHDG�YDOXH�IURP�DQDORJ�LQSXW���

�� $QDORJ�LQSXW�� 7KH�PRVW�UHFHQWO\�UHDG�YDOXH�IURP�DQDORJ�LQSXW���

�� $QDORJ�LQSXW�� 7KH�PRVW�UHFHQWO\�UHDG�YDOXH�IURP�DQDORJ�LQSXW���

6HWWLQJ�D�WUDFH�YDULDEOH·V�SDUDPHWHU�WR�]HUR�ZLOO�GLVDEOH�WKDW�YDULDEOH�DQG�DOO�VXEVHTXHQW�YDULDEOHV�
7KHUHIRUH��LI�1�SDUDPHWHUV�DUH�WR�EH�VDYHG�HDFK�WUDFH�SHULRG��WUDFH�YDULDEOHV���²��1����PXVW�EH�XVHG
WR�LGHQWLI\�ZKDW�SDUDPHWHUV�DUH�WR�EH�VDYHG��DQG�WUDFH�YDULDEOH�1�PXVW�EH�VHW�WR�]HUR�

)RU�H[DPSOH��DVVXPH�WKDW�WKH�DFWXDO�DQG�FRPPDQG�SRVLWLRQ�YDOXHV�DUH�WR�EH�VWRUHG�IRU�D[LV�WKUHH
HDFK�F\FOH�SHULRG���7KH�IROORZLQJ�FRPPDQGV�ZRXOG�EH�XVHG�WR�FRQILJXUH�WKH�WUDFH�YDULDEOHV�

SetTraceVariable 0, 0203h 6HWV�WUDFH�YDULDEOH���WR�VWRUH�SDUDPHWHU����FRPPDQGHG
SRVLWLRQ��IRU�D[LV���

SetTraceVariable 1, 0503h 6HWV�WUDFH�YDULDEOH���WR�VWRUH�SDUDPHWHU����DFWXDO�SRVLWLRQ��IRU
D[LV���

SetTraceVariable 2, 0000h 'LVDEOHV�WUDFH�YDULDEOHV����DQG�DERYH��
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����� 7UDFH�PRGHV

$V�WUDFH�GDWD�LV�FROOHFWHG�LW�LV�ZULWWHQ�WR�VHTXHQWLDO�ORFDWLRQV�LQ�WKH�WUDFH�EXIIHU���:KHQ�WKH�HQG�RI�WKH
EXIIHU�LV�UHDFKHG��WKH�WUDFH�PHFKDQLVP�ZLOO�EHKDYH�LQ�RQH�RI�WZR�ZD\V�GHSHQGLQJ�RQ�WKH�PRGH�WKDW
KDV�EHHQ�VHOHFWHG�

,I�
RQH�WLPH
�PRGH�LV�VHOHFWHG�WKHQ�WKH�WUDFH�PHFKDQLVP�ZLOO�VWRS�FROOHFWLQJ�GDWD�ZKHQ�WKH�EXIIHU�LV
IXOO�

,I�
UROOLQJ�EXIIHU
�LV�VHOHFWHG�WKHQ�WKH�WUDFH�PHFKDQLVP�ZLOO�ZUDS�DURXQG�WR�WKH�EHJLQQLQJ�RI�WKH�WUDFH
EXIIHU�DQG�FRQWLQXH�VWRULQJ�GDWD���,Q�WKLV�PRGH�WKH�GLDJQRVWLF�WUDFH�ZLOO�QRW�HQG�XQWLO�WKH�FRQGLWLRQV
VSHFLILHG�LQ�D�SetTraceStop�FRPPDQG�DUH�PHW�

8VH�WKH�FRPPDQG�SetTraceMode�WR�VHOHFW�WKH�WUDFH�PRGH��7KH�FRPPDQG�GetTraceMode�UHWULHYHV
WKH�WUDFH�PRGH�

����� 7UDFH�VWDUW�VWRS�FRQGLWLRQV

7KH�FRPPDQG�SetTraceStart�LV�XVHG�WR�VSHFLI\�ZKDW�FRQGLWLRQV�ZLOO�FDXVH�WKH�WUDFH�PHFKDQLVP�WR
VWDUW�FROOHFWLQJ�GDWD���$�VLPLODU�FRPPDQG��SetTraceStop��LV�XVHG�WR�GHILQH�WKH�FRQGLWLRQ�WKDW�ZLOO
FDXVH�WKH�WUDFH�PHFKDQLVP�WR�VWRS�FROOHFWLQJ�GDWD���%RWK�SetTraceStart�DQG�SetTraceStop�WDNH�D����
ELW�ZRUG�RI�GDWD�ZKLFK�FRQWDLQV�IRXU�HQFRGHG�SDUDPHWHUV�

%LWV 1DPH 'HVFULSWLRQ

��� 7ULJJHU�$[LV )RU�WULJJHU�W\SHV�RWKHU�WKHQ�LPPHGLDWH��WKLV�ILHOG�GHWHUPLQHV�ZKLFK�D[LV�ZLOO
EH�XVHG�DV�WKH�VRXUFH�IRU�WKH�WULJJHU���8VH���IRU�D[LV������IRU�D[LV����HWF�

��� 7ULJJHU�7\SH 'HILQHV�WKH�W\SH�RI�WULJJHU�WR�EH�XVHG���6HH�WKH�WDEOH�EHORZ�IRU�D�FRPSOHWH
OLVW�RI�WULJJHU�W\SHV�

���� %LW�1XPEHU )RU�WULJJHU�W\SHV�EDVHG�RQ�D�VWDWXV�UHJLVWHU��WKLV�ILHOG�GHWHUPLQHV�ZKLFK�ELW
�������RI�WKH�VWDWXV�UHJLVWHU�ZLOO�EH�PRQLWRUHG�

����� %LW�6WDWH )RU�VWDWXV�UHJLVWHU�EDVHG�WULJJHU�W\SHV��WKLV�ILHOG�GHWHUPLQHV�ZKLFK�VWDWH���
RU����RI�WKH�VSHFLILHG�ELW�ZLOO�FDXVH�D�WULJJHU�

7KH�7ULJJHU�7\SH�ILHOG�PXVW�FRQWDLQ�RQH�RI�WKH�IROORZLQJ�YDOXHV�

,' 1DPH 'HVFULSWLRQ

� ,PPHGLDWH 7KLV�WULJJHU�W\SH�LQGLFDWHV�WKDW�WKH�WUDFH�VWDUWV��VWRSV��LPPHGLDWHO\�ZKHQ�WKH
SetTraceStart��SetTraceStop��FRPPDQG�LV�LVVXHG���,I�WKLV�WULJJHU�W\SH�LV
VSHFLILHG��WKH�VRXUFH�D[LV��ELW�QXPEHU�DQG�ELW�VWDWH�YDOXH�DUH�QRW�XVHG�

� 8SGDWH 7KH�WUDFH�ZLOO�VWDUW��VWRS��RQ�WKH�QH[W�XSGDWH�RI�WKH�VSHFLILHG�VRXUFH�D[LV���7KLV
WULJJHU�W\SH�GRHV�QRW�XVH�WKH�ELW�QXPEHU�RU�VWDWH�YDOXHV�

� (YHQW
6WDWXV

7KH�VSHFLILHG�ELW�LQ�WKH�HYHQW�VWDWXV�UHJLVWHU�ZLOO�EH�FRQVWDQWO\�PRQLWRUHG�
:KHQ�WKDW�ELW�HQWHUV�WKH�GHILQHG�VWDWH����RU����WKHQ�WKH�WUDFH�ZLOO�VWDUW�

� $FWLYLW\
6WDWXV

7KH�VSHFLILHG�ELW�LQ�WKH�DFWLYLW\�VWDWXV�UHJLVWHU�ZLOO�EH�FRQVWDQWO\�PRQLWRUHG�
:KHQ�WKDW�ELW�HQWHUV�WKH�GHILQHG�VWDWH����RU����WKHQ�WKH�WUDFH�ZLOO�VWDUW�

� 6LJQDO
6WDWXV

7KH�VSHFLILHG�ELW�LQ�WKH�VLJQDO�VWDWXV�UHJLVWHU�ZLOO�EH�FRQVWDQWO\�PRQLWRUHG�
:KHQ�WKDW�ELW�HQWHUV�WKH�GHILQHG�VWDWH����RU����WKHQ�WKH�WUDFH�ZLOO�VWDUW�
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����� 'RZQORDGLQJ�7UDFH�'DWD

2QFH�D�WUDFH�KDV�EHHQ�UXQ�DQG�WKH�WUDFH�EXIIHU�LV�IXOO��RU�SDUWLDOO\�IXOO��RI�GDWD��WKLV�GDWD�PD\�EH
GRZQORDGHG�E\�WKH�KRVW�XVLQJ�WKH�VWDQGDUG�FRPPDQGV�WR�UHDG�IURP�H[WHUQDO�EXIIHU�PHPRU\��6HH
VHFWLRQ��������IRU�D�FRPSOHWH�GHVFULSWLRQ�RI�H[WHUQDO�PHPRU\�EXIIHU�FRPPDQGV�

:KHQ�D�WUDFH�VWRSV�UXQQLQJ��HLWKHU�EHFDXVH�RI�D�SetTraceStop�FRPPDQG�RU�EHFDXVH�WKH�HQG�RI�WKH
WUDFH�EXIIHU�KDV�EHHQ�UHDFKHG��WKH�WUDFH�EXIIHU·V�UHDG�SRLQWHU�ZLOO�EH�DGMXVWHG�WR�SRLQW�WR�WKH�ROGHVW
ZRUG�RI�GDWD�LQ�WKH�WUDFH���,I�WKH�WUDFH�EXIIHU�GLG�QRW�ZUDS�WKHQ�WKLV�ZLOO�EH�ORFDWLRQ�����,I�D�ZUDS
RFFXUUHG�LQ�WKH�WUDFH�EXIIHU��WKHQ�WKH�UHDG�SRLQWHU�ZLOO�EH�VHW�WR�WKH�PHPRU\�ORFDWLRQ�WKDW�ZRXOG�KDYH
EHHQ�RYHUZULWWHQ�E\�WKH�QH[W�WUDFH�VDPSOH�

$W�DQ\�WLPH��WKH�FRPPDQG�GetTraceCount�FDQ�EH�XVHG�WR�JHW�WKH�QXPEHU�RI����ELW�ZRUGV�RI�GDWD
VWRUHG�LQ�WKH�WUDFH�EXIIHU���7KLV�YDOXH�PD\�EH�XVHG�WR�GHWHUPLQH�WKH�QXPEHU�RI�ReadBuffer
FRPPDQGV�WKDW�PXVW�EH�LVVXHG�WR�GRZQORDG�WKH�HQWLUH�FRQWHQWV�RI�WKH�WUDFH�EXIIHU���6LQFH�WKH�UHDG
SRLQWHU�LV�DXWRPDWLFDOO\�VHW�WR�WKH�ROGHVW�ZRUG�RI�GDWD�LQ�WKH�WUDFH�EXIIHU�ZKHQ�WKH�WUDFH�HQGV��DQG
VLQFH�WKH�UHDG�SRLQWHU�ZLOO�DXWRPDWLFDOO\�LQFUHPHQW�DQG�ZUDS�DURXQG�WKH�EXIIHU�DV�GDWD�LV�UHDG�
UHDGLQJ�WKH�HQWLUH�FRQWHQWV�RI�WKH�WUDFH�EXIIHU�LV�DV�HDV\�DV�LVVXLQJ�1�ReadBuffer�FRPPDQGV��ZKHUH
1�LV�WKH�YDOXH�UHWXUQHG�E\�GetTraceCount��

'XULQJ�HDFK�WUDFH�SHULRG��HDFK�RI�WKH�WUDFH�YDULDEOHV�LV�XVHG�LQ�WXUQ�WR�VWRUH�D����ELW�YDOXH�WR�WKH�WUDFH
EXIIHU���7KHUHIRUH��ZKHQ�GDWD�LV�UHDG�IURP�WKH�EXIIHU��WKH�ILUVW�YDOXH�UHDG�ZRXOG�EH�WKH�YDOXH
FRUUHVSRQGLQJ�WR�WUDFH�YDULDEOH����WKH�VHFRQG�YDOXH�ZLOO�FRUUHVSRQG�WR�WUDFH�YDULDEOH����XS�WR�WKH
QXPEHU�RI�WUDFH�YDULDEOHV�XVHG�

%RWK�WKH�OHQJWK�RI�WKH�WUDFH�EXIIHU�DQG�WKH�QXPEHU�RI�WUDFH�YDULDEOHV�VHW�GLUHFWO\�HIIHFW�WKH�QXPEHU�RI
WUDFH�VDPSOHV�WKDW�PD\�EH�VWRUHG���,I�IRU�H[DPSOH�WKH�WUDFH�EXIIHU�LV�VHW�WR������ZRUGV��HDFK����ELWV��
DQG���WUDFH�YDULDEOHV�DUH�LQLWLDOL]HG��YDULDEOHV���DQG�����WKHQ�XS�WR�����WUDFH�VDPSOHV�ZLOO�EH�VWRUHG�
+RZHYHU��LI�WKUHH�WUDFH�YDULDEOHV�DUH�XVHG�WKHQ�����IXOO�WUDFH�VDPSOHV�PD\�EH�VWRUHG���,Q�WKLV�FDVH�WKH
UHPDLQLQJ�ZRUG�RI�GDWD�ZLOO�VWRUH�WKH�ILUVW�YDULDEOH�IURP�WKH����WK�VDPSOH�

,I�WKH�WUDFH�PRGH�LV�VHW�WR�5ROOLQJ%XIIHU�WKHQ�WKH����WK�WUDFH�VDPSOH�ZLOO�VWRUH�WKH�ILUVW�ZRUG�LQ�WKH
ODVW�ORFDWLRQ�RI�WKH�WUDFH�EXIIHU��DQG�WKH�VHFRQG�DQG�WKLUG�ZRUGV�ZLOO�EH�VWRUHG�LQ�ORFDWLRQV���DQG��
UHVSHFWLYHO\���,Q�WKLV�FDVH�WKH�ILUVW�WZR�ZRUGV�RI�WKH�ILUVW�VDPSOH�KDYH�EHHQ�RYHUZULWWHQ�E\�WKH�ODVW�WZR
ZRUGV�RI�VDPSOH�������:KHQ�WKH�WUDFH�LV�VWRSSHG�WKH�UHDG�SRLQWHU�ZLOO�SRLQW�WR�WKH�ROGHVW�ZRUG�RI
GDWD�LQ�WKH�EXIIHU���7KLV�ZRUG�PD\�QRW�FRUUHVSRQG�WR�WKH�ILUVW�ZRUG�RI�D�WUDFH�VDPSOH�

,W�LV�WKHUHIRUH�UHFRPPHQGHG�WKDW�WKH�OHQJWK�RI�WKH�WUDFH�EXIIHU�EH�VHW�VR�WKDW�LW�LV�DQ�HYHQ�PXOWLSOH�RI
WKH�QXPEHU�RI�WUDFH�YDULDEOHV�EHLQJ�XVHG���7KLV�ZLOO�HQVXUH�WKDW�WKH�UHDG�LQGH[�LV�SRLQWLQJ�WR�WKH�ILUVW
ZRUG�LQ�D�FRPSOHWH�WUDFH�VDPSOH�ZKHWKHU�WKH�WUDFH�EXIIHU�ZUDSV�RU�QRW���7KH�VLPSOHVW�VROXWLRQ�LV�WR
PDNH�VXUH�WKDW�WKH�WUDFH�EXIIHU�OHQJWK�LV�DQ�HYHQ�PXOWLSOH�RI�����VLQFH����LV�HYHQO\�GLYLVLEOH�E\�DOO
SRVVLEOH�QXPEHUV�RI�WUDFH�YDULDEOHV���������RU����

����� 5XQQLQJ�7UDFHV

+HUH�LV�D�VXPPDU\�RI�GDWD�WUDFH�RSHUDWLRQ�WR�KHOS�\RX�JHW�VWDUWHG�

�� 6HWXS�WKH�WUDFH�EXIIHU���8VLQJ�WKH�FRPPDQGV�SetBufferStart�DQG�SetBufferLength��GHILQH�WKH
ORFDWLRQ�LQ�H[WHUQDO�5$0�ZKHUH�WUDFH�GDWD�VKRXOG�EH�VWRUHG�DQG�WKH�DPRXQW�RI�5$0�WR�EH�XVHG
WR�KROG�WKH�WUDFH�GDWD���%H�FDUHIXO�QRW�WR�H[WHQG�WKH�EXIIHU�EH\RQG�WKH�DPRXQW�RI�SK\VLFDO�5$0
DYDLODEOH�LQ�\RXU�V\VWHP��LQ�SDUWLFXODU�UHFDOO�WKDW�SetBufferStart�DQG�SetBufferLength�VSHFLI\
YDOXHV�EDVHG�RQ�D����ELW�ZRUG�VL]H�

�� 6HW�WKH�WUDFH�SHULRG���7KH�FRPPDQG�SetTracePeriod�DOORZV�DQ�LQWHUYDO�EHWZHHQ�WUDFH�VDPSOHV�WR
EH�VSHFLILHG�
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�� 6SHFLI\�ZKDW�GDWD�LV�WR�EH�VWRUHG���7KH�FRPPDQG�SetTraceVariable�PD\�EH�XVHG�WR�VSHFLI\�XS�WR
IRXU�YDULDEOHV�WR�EH�VWRUHG�HDFK�WUDFH�SHULRG���0DNH�VXUH�WKDW�YDULDEOHV���²��1����DUH�XVHG�LI�1
YDULDEOHV�DUH�WR�EH�VWRUHG��DQG�WKDW�YDULDEOH�1�LV�VHW�WR�]HUR�

�� 6HW�WKH�WUDFH�PRGH���,I�WKH�WUDFH�LV�WR�EH�VWDUWHG�RQ�VRPH�HYHQW�WKHQ�WKH�2QH7LPH�PRGH�VKRXOG
SUREDEO\�EH�XVHG���7KLV�ZLOO�DOORZ�RQH�EXIIHU�IXOO�RI�WUDFH�GDWD�WR�EH�VWRUHG�EHJLQQLQJ�ZLWK�WKH
VWDUWLQJ�HYHQW��VHW�XVLQJ�SetTraceStart����$OWHUQDWLYHO\��LI�WKH�WUDFH�LV�WR�VWRS�RQ�DQ�HYHQW��DV
VSHFLILHG�XVLQJ�SetTraceStop��WKHQ�WKH�UROOLQJ�EXIIHU�PRGH�VKRXOG�EH�XVHG���7KLV�ZLOO�FDXVH�WKH
V\VWHP�WR�FRQVWDQWO\�UHFRUG�GDWD�XQWLO�WKH�VWRSSLQJ�HYHQW�RFFXUV���$W�WKDW�SRLQW�WKH�GDWD�OHDGLQJ
XS�WR�WKH�HYHQW�ZLOO�EH�VDYHG�LQ�WKH�WUDFH�EXIIHU�

�� 6HW�WKH�VWRSSLQJ�PRGH��LI�GHVLUHG����,I�D�VSHFLILF�HYHQW�ZLOO�FDXVH�WKH�WUDFH�WR�VWRS��WKHQ�LW�VKRXOG
EH�SURJUDPPHG�XVLQJ�WKH�SetTraceStop�FRPPDQG���+RZHYHU��LI�WKH�WUDFH�LV�WR�EH�SURJUDPPHG
WR�VWRS�ZKHQ�WKH�EXIIHU�ILOOV�XS��E\�VHWWLQJ�WKH�WUDFH�PRGH�WR�2QH7LPH��WKHQ�LW�LV�QRW�QHFHVVDU\
WR�VHW�DQRWKHU�VWRSSLQJ�HYHQW���$OVR��DW�DQ\�WLPH�ZKLOH�WKH�WUDFH�LV�UXQQLQJ�WKH�SetTraceStop
FRPPDQG�PD\�EH�LVVXHG�WR�VWRS�WKH�WUDFH�LPPHGLDWHO\�

�� 6WDUW�WKH�WUDFH���7KH�SetTraceStart�FRPPDQG�PD\�EH�XVHG�WR�VWDUW�WKH�WUDFH�GLUHFWO\��E\
VSHFLI\LQJ�WKH�LPPHGLDWH�WULJJHU�W\SH����$OWHUQDWLYHO\��D�WULJJHULQJ�HYHQW�PD\�EH�VSHFLILHG�ZKLFK
ZLOO�VWDUW�WKH�WUDFH�ZKHQ�LW�RFFXUV�

��� +RVW�,QWHUUXSWV

,QWHUUXSWV�DOORZ�WKH�KRVW�WR�EHFRPH�DZDUH�RI�D�VSHFLDO�FKLSVHW�FRQGLWLRQ�ZLWKRXW�WKH�QHHG�IRU
FRQWLQXRXV�PRQLWRULQJ�RU�SROOLQJ�RI�WKH�VWDWXV�UHJLVWHUV��7KH�1DYLJDWRU�FKLSVHWV�SURYLGH�WKLV�VHUYLFH
LQ�WKH�IRUP�RI�D�KRVW�LQWHUUXSW�

7KH�HYHQWV�WKDW�WULJJHU�D�KRVW�LQWHUUXSW�DUH�WKH�VDPH�DV�WKRVH�WKDW�VHW�WKH�DVVLJQHG�ELWV�RI�WKH�(YHQW
6WDWXV�5HJLVWHU³UHSURGXFHG�KHUH�IRU�FRQYHQLHQFH�

%LW (YHQW 2FFXUV�ZKHQ

0 Motion complete The profile reaches its endpoint, or motion is otherwise stopped
1 Wrap-around The axis position wraps
2 Breakpoint 1 Breakpoint 1 condition has been satisfied
3 Capture received Encoder index pulse or home pulse has been captured
4 Motion error Maximum position error set for a particular axis has been exceeded
5 In positive limit switch Positive over travel limit switch violation has occurred
6 In negative limit switch Negative over-travel limit switch violation has occurred
7 Instruction error Host instruction causes an error
11 Commutation error [MC2300 only]  Index pulse does not match actual phase
14 Breakpoint 2 Breakpoint 2 condition has been satisfied

8VLQJ�D����ELW�PDVN��WKH�KRVW�PD\�FRQGLWLRQ�DQ\�RU�DOO�RI�WKHVH�ELWV�WR�FDXVH�DQ�LQWHUUXSW��7KLV�PDVN
LV�VHW�XVLQJ�WKH�FRPPDQG�SetInterruptMask��7KH�YDOXH�RI�WKH�PDVN�PD\�EH�UHWULHYHG�XVLQJ�WKH
FRPPDQG�GetInterruptMask��7KH�PDVN�ELW�SRVLWLRQV�FRUUHVSRQG�WR�WKH�ELW�SRVLWLRQV�RI�WKH�HYHQW
VWDWXV�UHJLVWHU��,I�D���LV�VWRUHG�LQ�WKH�PDVN�WKHQ�D���LQ�WKH�FRUUHVSRQGLQJ�ELW�RI�WKH�HYHQW�VWDWXV
UHJLVWHU�ZLOO�FDXVH�DQ�LQWHUUXSW�WR�RFFXU��(DFK�D[LV�VXSSRUWV�LWV�RZQ�LQWHUUXSW�PDVN��DOORZLQJ�WKH
LQWHUUXSWLQJ�FRQGLWLRQV�WR�EH�GLIIHUHQW�IRU�HDFK�D[LV�

7KH�FKLSVHW�FRQWLQXDOO\�VFDQV�WKH�HYHQW�UHJLVWHU�DQG�LQWHUUXSW�PDVN�WRJHWKHU�WR�GHWHUPLQH�LI�DQ
LQWHUUXSW�KDV�RFFXUUHG��:KHQ�DQ�LQWHUUXSW�RFFXUV��WKH�HostIntrpt�VLJQDO�LV�PDGH�DFWLYH�
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$W�WKLV�SRLQW�WKH�KRVW�FDQ�UHVSRQG�WR�WKH�LQWHUUXSW��DOWKRXJK�WKH�H[HFXWLRQ�RI�WKH�FXUUHQW�KRVW
LQVWUXFWLRQ��LQFOXGLQJ�WKH�WUDQVIHU�RI�DOO�DVVRFLDWHG�GDWD�SDFNHWV��VKRXOG�EH�FRPSOHWHG���EXW�LW�LV�QRW
UHTXLUHG�WR�GR�VR�

6LQFH�LW�LV�SRVVLEOH�IRU�PRUH�WKHQ�RQH�D[LV�WR�EH�FRQILJXUHG�WR�JHQHUDWH�LQWHUUXSWV�DW�WKH�VDPH�WLPH�
WKH�FKLSVHW�SURYLGHV�WKH�FRPPDQG�GetInterruptingAxis���7KLV�FRPPDQG�UHWXUQV�D�ELWPDVNHG�YDOXH
ZLWK�RQH�ELW�VHW�IRU�HDFK�D[LV�FXUUHQWO\�JHQHUDWLQJ�DQ�LQWHUUXSW���%LW���ZLOO�EH�VHW�LI�D[LV���LV
LQWHUUXSWLQJ��ELW���LV�VHW�IRU�D[LV����HWF���,I�QR�LQWHUUXSW�LV�FXUUHQWO\�SHQGLQJ�WKHQ�QR�ELWV�ZLOO�EH�VHW�

7R�SURFHVV�WKH�LQWHUUXSW�QRUPDO�FKLSVHW�FRPPDQGV�DUH�XVHG��7KH�VSHFLILF�FRPPDQGV�VHQW�E\�WKH
KRVW�WR�SURFHVV�WKH�LQWHUUXSW�GHSHQG�RQ�WKH�QDWXUH�RI�WKH�LQWHUUXSWLQJ�FRQGLWLRQ��KRZHYHU�DW�D
PLQLPXP�WKH�LQWHUUXSWLQJ�ELW�LQ�WKH�HYHQW�VWDWXV�UHJLVWHU�VKRXOG�EH�FOHDUHG�XVLQJ�WKH
ResetEventStatus�FRPPDQG��,I�WKLV�LV�QRW�GRQH�WKHQ�WKH�VDPH�LQWHUUXSW�ZLOO�LPPHGLDWHO\�RFFXU�RQFH
LQWHUUXSWV�DUH�UH�HQDEOHG�

2QFH�WKH�KRVW�KDV�FRPSOHWHG�SURFHVVLQJ�WKH�LQWHUUXSW��LW�VKRXOG�VHQG�D�ClearInterrupt�FRPPDQG�WR
FOHDU�WKH�LQWHUUXSW�OLQH��DQG�UH�HQDEOH�LQWHUUXSW�SURFHVVLQJ���1RWH�WKDW�LI�DQRWKHU�LQWHUUXSW�LV�SHQGLQJ
WKH�LQWHUUXSW�OLQH�ZLOO�RQO\�EH�FOHDUHG�PRPHQWDULO\�DQG�WKHQ�UHDVVHUWHG�

)ROORZLQJ�LV�D�W\SLFDO�VHTXHQFH�RI�LQWHUUXSWV�DQG�KRVW�UHVSRQVHV��,Q�WKLV�H[DPSOH��DQ�D[LV�KDV�KLW�D
OLPLW�VZLWFK�LQ�WKH�SRVLWLYH�GLUHFWLRQ�FDXVLQJ�D�OLPLW�VZLWFK�HYHQW�DQG�DQ�DEUXSW�VWRS���7KH�DEUXSW
VWRS�FDXVHV�D�PRWLRQ�HUURU���$VVXPH�WKDW�WKHVH�HYHQWV�DOO�RFFXU�PRUH�RU�OHVV�VLPXOWDQHRXVO\���,Q�WKLV
H[DPSOH�WKH�LQWHUUXSW�PDVN�IRU�WKLV�D[LV�KDV�EHHQ�VHW�VR�WKDW�HLWKHU�PRWLRQ�HUURUV�RU�OLPLW�VZLWFK�WULSV
ZLOO�FDXVH�DQ�LQWHUUXSW�

(YHQW +RVW�DFWLRQ

0RWLRQ�HUURU�	�OLPLW�VZLWFK�WULS�JHQHUDWHV
LQWHUUXSW

VHQGV�GetInterruptAxis LQVWUXFWLRQ

$�ELWPDVN�LGHQWLI\LQJ�DOO�LQWHUUXSWLQJ�D[HV
LV�UHWXUQHG�E\�WKH�FKLSVHW���7KLV�YDOXH
LGHQWLILHV�RQH�D[LV�DV�JHQHUDWLQJ�WKH
LQWHUUXSW�

6HQGV�GetEventStatus instruction, GHWHFWV�PRWLRQ�HUURU
DQG�OLPLW�VZLWFK�IODJV�DUH�VHW�

,VVXHV�D�ResetEventStatus�FRPPDQG�WR�FOHDU�ERWK�ELWV�
5HWXUQV�WKH�D[LV�WR�FORVHG�ORRS�PRGH�E\�LVVXLQJ

SetMotorMode�2Q�FRPPDQG�
,VVXHV�D�ClearInterrupt�FRPPDQG�WR�UHVHW�WKH�LQWHUUXSW
VLJQDO�

&KLSVHW�FOHDUV�PRWLRQ�HUURU�ELW�DQG
GLVDEOHV�KRVW�LQWHUUXSW�OLQH

*HQHUDWHV�D�QHJDWLYH�GLUHFWLRQ�PRYH�WR�FOHDU�WKH�OLPLW�VZLWFK

0RWRU�PRYHV�RII�OLPLW�VZLWFK���$FWLYLW\
VWDWXV�OLPLW�ELW�LV�FOHDUHG�

1RQH

$W�WKH�HQG�RI�WKLV�VHTXHQFH��DOO�VWDWXV�ELWV�DUH�FOHDU��WKH�LQWHUUXSW�OLQH�LV�LQDFWLYH��DQG�QR�LQWHUUXSWV�DUH
SHQGLQJ�
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� +DUGZDUH�6LJQDOV

7KHUH�DUH�D�QXPEHU�RI�VLJQDOV�ZKLFK�DSSHDU�RQ�HDFK�D[LV�RI�WKH�1DYLJDWRU�FKLSVHWV�ZKLFK�FDQ�EH
XVHG�WR�FRRUGLQDWH�FKLSVHW�DFWLYLW\�ZLWK�HYHQWV�RXWVLGH�WKH�FKLSVHW��,Q�WKLV�VHFWLRQ�ZH�ZLOO�GLVFXVV
WKHVH�VLJQDOV��7KH\�DUH�WKH�ELGLUHFWLRQDO�WUDYHO�OLPLW�VZLWFKHV��WKH�AxisIn�SLQ��DQG�WKH�AxisOut�SLQ��7KHVH
VLJQDOV�DSSHDU�RQ�HDFK�D[LV�RI�WKH�FKLSVHW��)RU�H[DPSOH��D�IRXU�D[LV�FKLSVHW�VXFK�DV�WKH�0&�����KDV
IRXU�AxisIn�SLQV��IRXU�SRVLWLYH�OLPLW�VZLWFKHV��HWF�

��� 7UDYHO�OLPLW�VZLWFKHV

7KH�1DYLJDWRU�FKLSVHWV�VXSSRUW�PRWLRQ�WUDYHO�OLPLW�VZLWFKHV�WKDW�FDQ�EH�XVHG�WR�DXWRPDWLFDOO\
UHFRJQL]H�DQ��HQG�RI�WUDYHO��FRQGLWLRQ��7KLV�LV�DQ�LPSRUWDQW�VDIHW\�IHDWXUH�IRU�V\VWHPV�WKDW�KDYH�D
GHILQHG�UDQJH�RI�PRWLRQ�

7KH�IROORZLQJ�ILJXUH�VKRZV�D�VFKHPDWLF�UHSUHVHQWDWLRQ�RI�DQ�D[LV�ZLWK�WUDYHO�OLPLW�VZLWFKHV�LQVWDOOHG�
LQGLFDWLQJ�WKH��OHJDO��PRWLRQ�DUHD�DQG�WKH�RYHU�WUDYHO�RU�LOOHJDO�UHJLRQ�

Legal travel region
positive 

over-travel 
region

negative 
over-travel

 region

positive limit 
switch

negative limit 
switch

7KH�SRVLWLYH�DQG�QHJDWLYH�VZLWFKHV�DUH�FRQQHFWHG�WR�&3�FKLS�LQSXWV�3RV/LP�-4�DQG�1HJ/LP�-4
UHVSHFWLYHO\��WR�GHWHFW�RYHUWUDYHO�LQ�WKH�SRVLWLYH�DQG�QHJDWLYH�GLUHFWLRQV��UHVSHFWLYHO\�

7KHUH�DUH�WZR�SULPDU\�IXQFWLRQV�WKDW�WKH�1DYLJDWRU�SURYLGHV�LQ�FRQQHFWLRQ�ZLWK�WKH�RYHU�WUDYHO�OLPLW
VZLWFK�LQSXWV�

�� 7KH�KRVW�FDQ�EH�DXWRPDWLFDOO\�QRWLILHG�WKDW�DQ�D[LV�KDV�HQWHUHG�DQ�RYHU�WUDYHO�FRQGLWLRQ�
DOORZLQJ�WKH�KRVW�WR�WDNH�DSSURSULDWH�VSHFLDO�DFWLRQ�WR�PDQDJH�WKH�RYHU�WUDYHO�FRQGLWLRQ�

�� 8SRQ�HQWHULQJ�DQ�RYHU�WUDYHO�FRQGLWLRQ��WKH�WUDMHFWRU\�JHQHUDWRU�FDQ�EH�DXWRPDWLFDOO\�KDOWHG�
VR�WKDW�WKH�PRWRU�GRHV�QRW�WUDYHO�IXUWKHU�LQWR�WKH�RYHU�WUDYHO�UHJLRQ�

/LPLW�VZLWFK�SURFHVVLQJ�PD\�EH�HQDEOHG�RU�GLVDEOHG�IRU�D�JLYHQ�D[LV�WKURXJK�WKH�FRPPDQG
SetLimitSwitchMode��7KLV�VDPH�UHJLVWHU�FDQ�EH�UHDG�XVLQJ�WKH�FRPPDQG�GetLimitSwitchMode�

,I�OLPLW�SURFHVVLQJ�LV�HQDEOHG�WKHQ�WKH�FKLSVHW�ZLOO�FRQVWDQWO\�PRQLWRU�WKH�OLPLW�VZLWFK�LQSXW�SLQV
ORRNLQJ�IRU�D�OLPLW�VZLWFK�HYHQW���$�OLPLW�VZLWFK�HYHQW�RFFXUV�ZKHQ�D�OLPLW�VZLWFK�JRHV�DFWLYH�ZKLOH
WKH�D[LV�FRPPDQGHG�SRVLWLRQ�LV�PRYLQJ�LQ�WKDW�OLPLW�VZLWFK·V�GLUHFWLRQ���,I�WKH�D[LV�LV�QRW�PRYLQJ��LV
LQ�RSHQ�ORRS�PRGH��RU�LV�PRYLQJ�LQ�WKH�RSSRVLWH�GLUHFWLRQ��WKHQ�D�OLPLW�VZLWFK�HYHQW�ZLOO�QRW�RFFXU�
)RU�H[DPSOH�D�SRVLWLYH�OLPLW�VZLWFK�ZLOO�RFFXU�ZKHQ�WKH�D[LV�FRPPDQGHG�SRVLWLRQ�LV�PRYLQJ�LQ�WKH
SRVLWLYH�GLUHFWLRQ�DQG�WKH�SRVLWLYH�OLPLW�VZLWFK�JRHV�DFWLYH��+RZHYHU�LW�ZLOO�QRW�RFFXU�LI�WKH�D[LV
FRPPDQGHG�SRVLWLRQ�LV�PRYLQJ�LQ�WKH�QHJDWLYH�GLUHFWLRQ�RU�LV�VWDWLRQDU\�

7KH��VHQVH��RI�WKH�OLPLW�VZLWFK�LQSXWV��DFWLYH�KLJK�RU�DFWLYH�ORZ��FDQ�EH�FRQWUROOHG�XVLQJ�WKH
SetSignalSense�FRPPDQG�



1DYLJDWRU�0RWLRQ�3URFHVVRU�8VHU·V�*XLGH ��

:KHQ�D�OLPLW�HYHQW�RFFXUV��WKH�FKLSVHW�ZLOO�JHQHUDWH�DQ�DEUXSW�VWRS�WKHUHE\�KDOWLQJ�WKH�PRWLRQ���,Q
DGGLWLRQ��WKH�ELW�LQ�WKH�HYHQW�VWDWXV�UHJLVWHU�FRUUHVSRQGLQJ�WR�WKH�DFWLYH�OLPLW�VZLWFK�ZLOO�EH�VHW�
)LQDOO\��WKH�DSSURSULDWH�ELW�LQ�WKH�DFWLYLW\�VWDWXV�UHJLVWHU�ZLOO�EH�VHW�

2QFH�DQ�D[LV�KDV�HQWHUHG�D�OLPLW�VZLWFK�FRQGLWLRQ�WKH�IROORZLQJ�VWHSV�VKRXOG�EH�WDNHQ�WR�FOHDU�WKH
OLPLW�VZLWFK�HYHQW�

• 8QOHVV�OLPLW�VZLWFK�HYHQWV�FDQ�RFFXU�GXULQJ�QRUPDO�PDFKLQH�RSHUDWLRQ�WKH�FDXVH�RI�WKH�HYHQW
VKRXOG�EH�LQYHVWLJDWHG�DQG�DSSURSULDWH�VDIHW\�FRUUHFWLRQV�PDGH�

• 7KH�OLPLW�VZLWFK�ELW�V��LQ�WKH�HYHQW�VWDWXV�UHJLVWHU�VKRXOG�EH�FOHDUHG�E\�LVVXLQJ�WKH
ResetEventStatus�FRPPDQG��1R�PRWLRQ�LV�SRVVLEOH�LQ�DQ\�GLUHFWLRQ�ZKLOH�HLWKHU�RI�WKH�OLPLW
VZLWFK�ELWV�LQ�WKH�HYHQW�VWDWXV�UHJLVWHU�LV�VHW�

• $�PRYH�VKRXOG�EH�PDGH�LQ�WKH�GLUHFWLRQ�RSSRVLWH�WR�WKH�GLUHFWLRQ�WKDW�FDXVHG�WKH�OLPLW�VZLWFK
HYHQW���7KLV�FDQ�EH�DQ\�SURILOH�PRYH�WKDW�
EDFNV
�WKH�D[LV�RXW�RI�WKH�OLPLW��,I�WKH�KRVW�LQVWHDG
DWWHPSWV�WR�PRYH�WKH�D[LV�IXUWKHU�LQWR�WKH�OLPLW��D�QHZ�OLPLW�HYHQW�ZLOO�RFFXU�DQG�DQ�LQVWUXFWLRQ
HUURU�ZLOO�EH�JHQHUDWHG���6HH�VHFWLRQ�������RQ�LQVWUXFWLRQ�HUURU�IRU�PRUH�LQIRUPDWLRQ��

,I�WKH�OLPLW�VZLWFKHV�DUH�ZLUHG�WR�VHSDUDWH�VZLWFKHV�LW�VKRXOG�QRW�EH�SRVVLEOH�IRU�ERWK�OLPLW�VZLWFKHV�WR
EH�DFWLYH�DW�WKH�VDPH�WLPH���+RZHYHU��LI�WKLV�GRHV�RFFXU��SUHVXPDEO\�GXH�WR�D�VSHFLDO�ZLULQJ
DUUDQJHPHQW��WKHQ�ERWK�OLPLW�VZLWFK�ELWV�LQ�WKH�DFWLYLW\�VWDWXV�UHJLVWHU�ZRXOG�EH�VHW��WKXV�GLVDEOLQJ
PRYHV�LQ�HLWKHU�GLUHFWLRQ���,Q�WKLV�FDVH��WKH�SetLimitMode�FRPPDQG�VKRXOG�EH�XVHG�WR�WHPSRUDULO\
GLVDEOH�OLPLW�VZLWFK�SURFHVVLQJ�ZKLOH�WKH�PRWRU�LV�PRYHG�RII�RI�WKH�VZLWFKHV�

127(��/LPLW� VZLWFKHV�GR� QRW� IXQFWLRQ�ZKHQ� WKH� FKLSVHW� LV� LQ� 
PRWRU� RII
�� DOVR� NQRZQ� DV

RSHQ�ORRS
�PRGH�

��� 7KH�$[LV2XW�SLQ

(DFK�D[LV�KDV�D�JHQHUDO�SXUSRVH�D[LV�RXWSXW�SLQ�ZKLFK�FDQ�EH�SURJUDPPHG�WR�WUDFN�WKH�VWDWH�RI�DQ\
RI�WKH�DVVLJQHG�ELWV�LQ�WKH�(YHQW�6WDWXV��$FWLYLW\�6WDWXV��RU�6LJQDO�6WDWXV�UHJLVWHUV��7KH�WUDFNHG�ELW�LQ
RQH�RI�WKHVH�WKUHH�UHJLVWHUV�PD\�EH�LQ�WKH�VDPH�D[LV�RU�LQ�D�GLIIHUHQW�D[LV�DV�WKH�D[LV�RI�WKH�AxisOut
SLQ�LWVHOI��7KLV�IXQFWLRQ�LV�XVHIXO�IRU�RXWSXWWLQJ�KDUGZDUH�VLJQDOV�WR�WULJJHU�H[WHUQDO�SHULSKHUDOV�

7KH�FKLSVHW�FRPPDQG�SetAxisOutSource�PD\�EH�XVHG�WR�FRQILJXUH�WKH�D[LV�RXWSXW�SLQ���7KLV
FRPPDQG�WDNHV�D�VLQJOH�ZRUG�DV�DQ�DUJXPHQW���7KH�YDOXH�RI�WKLV�SDUDPHWHU�LV�LQWHUSUHWHG�DV�IROORZV�

%LWV 1DPH 'HVFULSWLRQ

0-3 Source axis Specifies the axis to be used as a source for the axis output signal.  The axis output
pin will follow the specified register bit of the source axis.  Writing a zero indicates
axis 1, writing a one indicates axis 2, etc.

4-7 Bit number Indicates which bit in the selected status register will be followed by the axis output
pin.  Bits are numbered from 0 to 15 where bit 0 indicates the least significant bit.

8-11 Status register Indicates which register will be used as the source for the axis output. The encoding
is as follows:
ID             register
0 None, the axis output pin will always be inactive
1 Event status register
2 Activity status register
3 Signal status register
4-15 Reserved, do not use

12-15 Reserved Reserved for future use.  Should be written as zeros.

1RWH�WKDW�WKH�AxisOut�SLQ�PD\�EH�FRQILJXUHG�WR�EH�DFWLYH�ORZ�RU�DFWLYH�KLJK�XVLQJ�WKH�SetSignalSense
FRPPDQG�
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,W�LV�SRVVLEOH�WR�XVH�WKH�AxisOut�SLQ�DV�D�VRIWZDUH��SURJUDPPHG�GLUHFW�RXWSXW�ELW�XQGHU�GLUHFW�KRVW
FRQWURO��7KLV�FDQ�EH�GRQH�E\�VHOHFWLQJ�]HUR�DV�WKH�UHJLVWHU�,'�FRGH�LQ�WKH�SetAxisOutSource
FRPPDQG�DQG�E\�DGMXVWLQJ�WKH�OHYHO�RI�WKH�UHVXOWLQJ�LQDFWLYH�RXWSXW�VWDWH�WR�KLJK�RU�ORZ�DV�GHVLUHG
XVLQJ�WKH�SetSignalSense�FRPPDQG�

��� 7KH�$[LV,Q�SLQ

(DFK�D[LV�KDV�DQ�LQSXW�SLQ��AxisIn��ZKLFK�FDQ�EH�XVHG�DV�D�JHQHUDO�SXUSRVH�LQSXW��UHDGDEOH�XVLQJ�WKH
GetSignalStatus�FRPPDQG��DV�ZHOO�DV�WR�WULJJHU�DXWRPDWLF�HYHQWV�VXFK�DV�SHUIRUPLQJ�D�PRWLRQ
FKDQJH��VWRS��VWDUW��FKDQJH�RI�YHORFLW\��HWF���XSRQ�D�VLJQDO�WUDQVLWLRQ�XVLQJ�EUHDNSRLQWV�

1R�VSHFLDO�FRPPDQGV�DUH�UHTXLUHG�WR�VHWXS�XS�RU�HQDEOH�WKH�AxisIn�VLJQDOV�
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� 0RWRU�,QWHUIDFLQJ

7KH�1DYLJDWRU�FKLSVHWV�VXSSRUW�WZR�W\SHV�PRWRU�SRVLWLRQ�LQSXW��LQFUHPHQWDO�HQFRGHU�DQG�SDUDOOHO�
ZRUG�IHHGEDFN��7KH�IHHGEDFN�W\SH�LV�SURJUDPPDEOH��EXW�WKH�DSSURSULDWH�KDUGZDUH�PXVW�EH�LQVWDOOHG
IRU�WKH�VHOHFWLRQ�WR�EH�HIIHFWLYH�

7R�VHW�WKH�IHHGEDFN�W\SH�WKH�FRPPDQG�SetEncoderSource�LV�XVHG��7KLV�VDPH�YDOXH�FDQ�EH�UHDG�EDFN
XVLQJ�WKH�FRPPDQG�GetEncoderSource�

��� ,QFUHPHQWDO�(QFRGHU�,QSXW

,QFUHPHQWDO�HQFRGHU�IHHGEDFN�SURYLGHV�WZR�VTXDUH�ZDYH�VLJQDOV��$�TXDGUDWXUH��%�TXDGUDWXUH��DQG�DQ
RSWLRQDO�,QGH[�SXOVH�WKDW�QRUPDOO\�LQGLFDWHV�ZKHQ�WKH�PRWRU�KDV�PDGH�RQH�IXOO�URWDWLRQ��7KH�$�DQG
%�VLJQDOV�DUH�RIIVHW�IURP�HDFK�RWKHU�E\������DV�VKRZQ�LQ�)LJXUH�����

Quad A

Quad B

T3 T3

T4 T4

T5

(= ~QuadA * ~QuadB * ~Index)

~Index
T5

Index

Figure 8-3. Quadrature Encoder Timing

)RU�WKH�TXDGUDWXUH�LQFUHPHQWDO�SRVLWLRQ�WR�EH�SURSHUO\�UHJLVWHUHG�E\�WKH�FKLSVHW��ZKHQ�WKH�PRWRU
PRYHV�LQ�WKH�SRVLWLYH�GLUHFWLRQ�QuadA�VKRXOG�OHDG�QuadB��:KHQ�WKH�PRWRU�PRYHV�LQ�WKH�QHJDWLYH
GLUHFWLRQ��QuadB�VKRXOG�OHDG�QuadA��%HFDXVH�RI�WKH�����RIIVHW��IRXU�UHVROYHG�TXDGUDWXUH�FRXQWV�RFFXU
IRU�RQH�IXOO�SKDVH�RI�HDFK�$�DQG�%�FKDQQHO�

����� $FWXDO�3RVLWLRQ�5HJLVWHU

7KH�FKLSVHW�FRQWLQXDOO\�PRQLWRUV�WKH�SRVLWLRQ�IHHGEDFN�VLJQDOV�DQG�DFFXPXODWHV�D����ELW�SRVLWLRQ
YDOXHG�FDOOHG�WKH�$FWXDO�3RVLWLRQ��8SRQ�SRZHUXS�WKH�GHIDXOW�$FWXDO�3RVLWLRQ�LV�]HUR��7KH�$FWXDO
3RVLWLRQ�FDQ�EH�H[SOLFLWO\�VHW�XVLQJ�WKH�FRPPDQG�SetActualPosition��DQG�FDQ�EH�UHWULHYHG�XVLQJ�WKH
FRPPDQG�GetActualPosition�

3DUWLFXODUO\�ZKHQ�XVLQJ�LQFUHPHQWDO�IHHGEDFN��WKH�$FWXDO�3RVLWLRQ�LV�JHQHUDOO\�VHW�VKRUWO\�DIWHU
SRZHUXS��XVLQJ�D�KRPLQJ�SURFHGXUH�WR�UHIHUHQFH�WKH�DFWXDO�SRVLWLRQ�WR�D�SK\VLFDO�KDUGZDUH�ORFDWLRQ�

����� 'LJLWDO�)LOWHULQJ

$OO�HQFRGHU�LQSXWV�DV�ZHOO�ERWK�WKH�LQGH[�DQG�KRPH�FDSWXUH�LQSXWV��DUH�GLJLWDOO\�ILOWHUHG�WR�HQKDQFH
UHOLDELOLW\��7KH�ILOWHU�UHTXLUHV�WKDW�D�YDOLG�WUDQVLWLRQ�EH�DFFHSWHG�RQO\�LI�LW�UHPDLQV�LQ�LWV�QHZ��KLJK�RU
ORZ��VWDWH�IRU�DW�OHDVW�WKUHH�F\FOHV�RI����QVHF�HDFK��WRWDO�����QVHF���7KLV�LQVXUHV�WKDW�EULHI�QRLVH�SXOVHV
ZLOO�QRW�EH�LQWHUSUHWHG�DV�DQ�HQFRGHU�WUDQVLWLRQ�

$OWKRXJK�WKLV�GLJLWDO�ILOWHULQJ�VFKHPH�FDQ�LQFUHDVH�WKH�RYHUDOO�UHOLDELOLW\�RI�WKH�TXDGUDWXUH�GDWD��WR
DFKLHYH�WKH�KLJKHVW�SRVVLEOH�UHOLDELOLW\�DGGLWLRQDO�WHFKQLTXHV�PD\�EH�UHTXLUHG��VXFK�DV�GLIIHUHQWLDO�OLQH
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GULYHUV�UHFHLYHUV��RU�DQDORJ�ILOWHULQJ��:KHWKHU�WKHVH�DGGLWLRQDO�VFKHPHV�DUH�UHTXLUHG�GHSHQGV�RQ�WKH
VSHFLILF�V\VWHP��DQG�WKH�DPRXQW�DQG�W\SH�RI�QRLVH�VRXUFHV�

����� +LJK�VSHHG�SRVLWLRQ�FDSWXUH

(DFK�D[LV�RI�WKH�1DYLJDWRU�FKLSVHWV�VXSSRUWV�D�KLJK�VSHHG�SRVLWLRQ�FDSWXUH�UHJLVWHU�WKDW�DOORZV�WKH
FXUUHQW�D[LV�ORFDWLRQ�WR�EH�FDSWXUHG�WULJJHUHG�E\�DQ�H[WHUQDO�VLJQDO��2QH�RI�WZR�VLJQDOV�PD\�EH�XVHG
DV�WKH�FDSWXUH�WULJJHU��WKH�LQGH[�VLJQDO�RU�WKH�KRPH�VLJQDO�

7KHVH�WZR�LQSXW�WULJJHUV�GLIIHU�LQ�KRZ�D�FDSWXUH�LV�UHFRJQL]HG��,I�WKH�LQGH[�VLJQDO�LV�XVHG�DV�WKH
WULJJHU��D�FDSWXUH�ZLOO�EH�WULJJHUHG�ZKHQ�WKH�$��%��DQG�,QGH[�VLJQDOV�DFKLHYH�D�SDUWLFXODU�VWDWH��GHILQHG
E\�WKH�VLJQDO�VHQVH�UHJLVWHU�XVLQJ�WKH�SetSignalSense�FRPPDQG���,I�WKH�KRPH�VLJQDO�LV�VHOHFWHG�DV
WKH�FDSWXUH�WULJJHU�VRXUFH�WKHQ�RQO\�WKH�KRPH�VLJQDO�QHHG�EH�LQ�D�SDUWLFXODU�VWDWH�IRU�WKH�FDSWXUH�WR�EH
WULJJHUHG�

7KH�GHIDXOW�YDOXHV�IRU�WKH�$��%��LQGH[��DQG�KRPH�VHQVH�VLJQDOV�LQ�WKH�VLJQDO�VHQVH�UHJLVWHU�DUH���
PHDQLQJ�WKHVH�VLJQDOV�DUH�DFWLYH�ORZ��,Q�WKLV�FRQGLWLRQ�LI�LQGH[�LV�VHOHFWHG�DV�WKH�WULJJHU�VRXUFH�D
FDSWXUH�ZLOO�EH�UHFRJQL]HG�ZKHQ�$��%��DQG�,QGH[�DUH�DOO�ORZ��$Q\�FKDQJH�WR�WKH�VHQVH�PDVN�IURP
DFWLYH�ORZ�LQWHUSUHWDWLRQ�WR�DFWLYH�KLJK�LQWHUSUHWDWLRQ�ZLOO�FDXVH�D�FRUUHVSRQGLQJ�FKDQJH�LQ
UHFRJQLWLRQ�RI�WKH�WULJJHU�FRQGLWLRQ�

7KH�FRPPDQG�SetCaptureSource�GHWHUPLQHV�ZKHWKHU�WKH�LQGH[�VLJQDO�RU�WKH�KRPH�VLJQDO�ZLOO�EH
XVHG�DV�WKH�SRVLWLRQ�FDSWXUH�WULJJHU��7KH�FRPPDQG�GetCaptureSource�UHWULHYHV�WKLV�VDPH�YDOXH�

:KHQ�D�FDSWXUH�LV�WULJJHUHG��WKH�FRQWHQWV�RI�WKH�DFWXDO�SRVLWLRQ�UHJLVWHUV�DUH�WUDQVIHUUHG�WR�WKH
3RVLWLRQ�FDSWXUH�UHJLVWHU��DQG�WKH�&DSWXUH�5HFHLYHG�LQGLFDWRU��%LW���RI�WKH�(YHQW�6WDWXV�UHJLVWHU��LV
VHW��7R�UHDG�WKH�FDSWXUH�UHJLVWHU�WKH�FRPPDQG�GetCaptureValue�LV�XVHG��7KH�FDSWXUH�UHJLVWHU�PXVW
EH�UHDG�EHIRUH�DQRWKHU�FDSWXUH�FDQ�WDNH�SODFH��5HDGLQJ�WKH�SRVLWLRQ�FDSWXUH�UHJLVWHU�FDXVHV�WKH�WULJJHU
WR�EH�
UH�DUPHG
��PHDQLQJ�PRUH�FDSWXUHV�FDQ�WKHUHDIWHU�RFFXU��$V�IRU�DOO�HYHQW�VWDWXV�UHJLVWHU�ELWV��WR
FOHDU�WKH�SRVLWLRQ�FDSWXUH�LQGLFDWRU�WKH�FRPPDQG�ResetEventStatus�LV�XVHG�

��� 3DUDOOHO�ZRUG�SRVLWLRQ�LQSXW

)RU�IHHGEDFN�V\VWHPV�WKDW�GR�QRW�SURYLGH�LQFUHPHQWDO�VLJQDOV��EXW�LQVWHDG�D�GLJLWDO�ELQDU\�ZRUG��WKH
1DYLJDWRU�VXSSRUWV�D�SDUDOOHO�ZRUG�LQSXW�PHFKDQLVP�ZKLFK�FDQ�EH�XVHG�ZLWK�D�ODUJH�YDULHW\�RI
GHYLFHV�LQFOXGLQJ�WKH�IROORZLQJ�

� 5HVROYHUV��DIWHU�5HVROYHU�WR�'LJLWDO�FRQYHUVLRQ�

� $EVROXWH�RSWLFDO�HQFRGHUV

� /DVHU�LQWHUIHURPHWHUV�ZLWK�SDUDOOHO�ZRUG�UHDG�RXW

� ,QFUHPHQWDO�HQFRGHUV�ZLWK�H[WHUQDO�TXDGUDWXUH�GHFRGHU�FLUFXLW

� $�'�FRQYHUWHUV�UHDGLQJ�DQ�DQDORJ�IHHGEDFN�VLJQDO

,Q�WKLV�SRVLWLRQ�LQSXW�PRGH�WKH�HQFRGHU�SRVLWLRQ�LV�UHDG�WKURXJK�WKH�FKLSVHW
V�H[WHUQDO�EXV�E\�UHDGLQJ
D����ELW�ZRUG��RQH�IRU�HDFK�D[LV�VHW�WR�WKLV�PRGH��'HSHQGLQJ�RQ�WKH�QDWXUH�RI�WKH�IHHGEDFN�GHYLFH
IHZHU�WKDQ����ELWV�RI�UHVROXWLRQ�PD\�EH�DYDLODEOH��LQ�ZKLFK�FDVH�WKH�XQXVHG�KLJK�RUGHU�GDWD�ELWV
VKRXOG�EH�DUUDQJHG�WR�LQGLFDWH�D���YDOXH�ZKHQ�UHDG�E\�WKH�FKLSVHW��,W�LV�DOVR�DFFHSWDEOH�WR�VLJQ�H[WHQG
WKHVH�ELWV��KRZHYHU�XQGHU�QR�FLUFXPVWDQFHV�VKRXOG�XQXVHG�ELWV�RI�WKH�SDUDOOHO�ZRUG�EH�OHIW�IORDWLQJ�

7KH�YDOXH�LQSXW�E\�WKH�FKLSVHW�VKRXOG�EH�ELQDU\�FRGHG��7KH�1DYLJDWRU�FKLSVHWV�DVVXPH�WKDW�WKH
SRVLWLRQ�GDWD�SURYLGHG�E\�WKH�H[WHUQDO�GHYLFH�LV�D�WZR
V�FRPSOHPHQWHG�VLJQHG�QXPEHU�DOWKRXJK�LI�WKH

YDOXH�UHWXUQHG�LQVWHDG�UDQJHV�IURP���WR��Q����ZKHUH�Q�LV�WKH�QXPEHU�RI�ELWV�SURYLGHG�E\�WKH�IHHGEDFN
GHYLFH��WKDQ�WKH�GLIIHUHQFH�LQ�EHKDYLRU�ZLOO�EH�WKH�LQWHUSUHWDWLRQ�RI�WKH�VWDUW�ORFDWLRQ��ZKLFK�ZLOO�EH

VKLIWHG
�E\�����WKH�IXOO�VFDOH�IHHGEDFN�UDQJH��,I�GHVLUHG�WKLV�LQLWLDO�SRVLWLRQ�PD\�EH�DOWHUHG�XVLQJ�WKH
SetActualPosition�FRPPDQG�
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����� 0XOWL�WXUQ�V\VWHPV

,Q�DGGLWLRQ�WR�VXSSRUWLQJ�SRVLWLRQ�WUDFNLQJ�DFURVV�WKH�IXOO�QXPHULF�IHHGEDFN�UDQJH�RI�D�SDUWLFXODU
GHYLFH�WKH�DELOLW\�WR�VXSSRUW�PXOWL�WXUQ�V\VWHPV�LV�DOVR�SURYLGHG��7KH�SDUDOOHO�HQFRGHU�YDOXHV�EHLQJ
UHDG�LQ�DUH�FRQWLQXRXVO\�H[DPLQHG�DQG�D�SRVLWLRQ��ZUDS��FRQGLWLRQ�LV�DXWRPDWLFDOO\�UHFRJQL]HG�
ZKHWKHU�IURP�ODUJHVW�HQFRGHU�YDOXH�WR�VPDOOHVW�HQFRGHU�YDOXH��QHJDWLYH�ZUDS��RU�IURP�VPDOOHVW�YDOXH
WR�ODUJHVW�YDOXH��SRVLWLYH�ZUDS��

8VLQJ�WKLV��YLUWXDO��PXOWL�WXUQ�FRXQWHU��WKH�1DYLJDWRU�FKLSVHWV�FRQWLQXRXVO\�PDLQWDLQ�WKH�D[LV
ORFDWLRQ�WR�D�IXOO����ELWV��2I�FRXUVH�LI�WKH�D[LV�GRHV�QRW�ZUDS�DURXQG��QRQ�PXOWL�WXUQ�V\VWHP���WKH
UDQJH�ZLOO�VWD\�ZLWKLQ�D����ELW�YDOXH�

$V�WKH�PRWRU�PRYHV�LQ�WKH�SRVLWLYH�GLUHFWLRQ��WKH�LQSXW�YDOXH�VKRXOG�LQFUHDVH�XS�WR�VRPH�PD[LPXP
DW�ZKLFK�SRLQW�LW�PD\�ZUDS�EDFN�WR�]HUR�DQG�FRQWLQXH�LQFUHDVLQJ�IURP�WKHUH���/LNHZLVH��ZKHQ�WKH
PRWRU�PRYHV�LQ�WKH�QHJDWLYH�GLUHFWLRQ�WKH�YDOXH�VKRXOG�GHFUHDVH�WR�]HUR�DW�ZKLFK�SRLQW�LW�PD\�ZUDS
EDFN�WR�LWV�PD[LPXP���7KH�YDOXH�DW�ZKLFK�WKH�SDUDOOHO�LQSXW�GHYLFH�ZUDSV�LV�FDOOHG�WKH�GHYLFH
V
PRGXOXV��DQG�VKRXOG�EH�VHW�XVLQJ�WKH�SetEncoderModulus�FRPPDQG���1RWH�WKDW�WKH
SetEncoderModulus�FRPPDQG�WDNHV�DV�D�SDUDPHWHU�ó�WKH�YDOXH�RI�WKH�PRGXOXV�

)RU�H[DPSOH�LI�D�URWDU\�PRWRU�XVHV�D����ELW�UHVROYHU�IRU�IHHGEDFN�WKH�HQFRGHU�PRGXOXV�LV��������DQG
WKHUHIRUH�WKH�YDOXH�VHQW�WR�WKH�SetEncoderModulus�FRPPDQG�ZRXOG�EH��������2QFH�WKLV�LV�GRQH
HDFK�WLPH�WKH�PRWRU�URWDWHV�DQG�WKH�ELQDU\�ZRUG�YDOXH�
MXPSV
�IURP�WKH�ODUJHVW�ELQDU\�RXWSXW�WR�WKH
VPDOOHVW��WKH�1DYLJDWRU�FKLSVHW�ZLOO�SURSHUO\�UHFRJQL]H�WKH�PRWRU�ZUDS�FRQGLWLRQ�DQG�DFFXPXODWH
DFWXDO�HQFRGHU�SRVLWLRQ�ZLWK�YDOXHV�ODUJHU�WKDQ�������RU�VPDOOHU�WKDQ���

)RU�V\VWHPV�WKDW�XVH�D�SRVLWLRQ�FRXQWHU�ZLWK�D�PRGXOR�VPDOOHU�WKDQ�WKH�HQFRGHU�FRXQWV�SHU
UHYROXWLRQ��VHW�WKH�FRXQWV�UHY�YDOXH�HTXDO�WR�WKH�SRVLWLRQ�FRXQWHU�VL]H��)RU�H[DPSOH��LI�D�URWDU\�ODVHU
LQWHUIHURPHWHU�LV�EHLQJ�XVHG�ZKLFK�SURYLGHV�D����ELW�RXWSXW�YDOXH��EXW�SURYLGHV������������FRXQWV
SHU�UHYROXWLRQ��XVH�D�FRXQWV�UHY�YDOXH�RI����������������

1R�KLJK�VSHHG�SRVLWLRQ�FDSWXUH�LV�VXSSRUWHG�LQ�WKH�SDUDOOHO�ZRUG�GHYLFH�LQSXW�PRGH�
7KHUHIRUH�IRU�WKH�SXUSRVH�RI�SRVLWLRQ�FDSWXUH�WKH�LQGH[�DQG�KRPH�VLJQDOV��DV�ZHOO�DV�WKH
TXDGUDWXUH�$�DQG�%�VLJQDOV�DUH�XQXVHG�LQ�WKLV�PRGH��1HYHUWKHOHVV�IRU�RWKHU�QRQ�SRVLWLRQ
FDSWXUH�IXQFWLRQV�XWLOL]LQJ�WKH�VLJQDO�VWDWXV�UHJLVWHU�WKHVH�VLJQDOV�FDQ�VWLOO�EH�XVHG�LQ�WKH
QRUPDO�ZD\��)RU�H[DPSOH�WKH�VH�ELWV�FDQ�EH�UHDG��GetSignalStatus �FRPPDQG��RU�WKHVH�ELWV
FDQ�EH�XVHG�DV�EUHDNSRLQW�WULJJHUV��HWF�

����� 3DUDOOHO�ZRUG�GHYLFH�LQWHUIDFLQJ

)RU�HDFK�D[LV�WKDW�LV�VHW�IRU�SDUDOOHO�ZRUG�LQSXW�WKH�FKLSVHW�ZLOO�XVH�LWV�SHULSKHUDO�EXV�DQG�WKH
DGGUHVVHV�OLVWHG�EHORZ�WR�UHDG�WKH�SRVLWLRQ�IHHGEDFN�YDOXH�IRU�WKDW�D[LV���7KH�YDOXH�LV�UHDG�IURP�WKH
FKLSVHW
V�SHULSKHUDO�DGGUHVV�EXV�DW�WKH�IROORZLQJ�DGGUHVVHV�

3HULSKHUDO�EXV

DGGUHVV

&KLSVHW�,�2�RSHUDWLRQ $GGUHVVHG�PRWRU

�$[LV���

���K ���ELW�SHULSKHUDO�UHDG �

���K ���ELW�SHULSKHUDO�UHDG �

���K ���ELW�SHULSKHUDO�UHDG �

���K ���ELW�SHULSKHUDO�UHDG �

7R�SHUIRUP�WKH�UHDG�WKH�FKLSVHW�ZLOO�GULYH�WKH�SHULSKHUDO�EXV�VLJQDOV�DFFRUGLQJ�WR�WKH�VHFWLRQ�RI�WKLV
PDQXDO�HQWLWOHG��3HULSKHUDO�'HYLFH�,�2���VHFWLRQ������

)RU�HDFK�D[LV�WKDW�LV�VHW�WR�SDUDOOHO�ZRUG�SRVLWLRQ�LQSXW�PRGH�WKH�FKLSVHW�ZLOO�SHUIRUP�D�SHULSKHUDO
UHDG�DW�WKH�FRUUHVSRQGLQJ�DGGUHVV��EXW�D[HV�QRW�LQ�SDUDOOHO�ZRUG�PRGH�ZLOO�QRW�EH�DGGUHVVHG��)RU
H[DPSOH��LI�$[HV���DQG���DUH�VHW�WR�LQFUHPHQWDO�IHHGEDFN�PRGH�DQG���DQG���DUH�VHW�WR�SDUDOOHO�ZRUG�



1DYLJDWRU�0RWLRQ�3URFHVVRU�8VHU·V�*XLGH ��

WKHQ�$GGUHVVHV�����K��DGGUHVV�IRU�D[LV����IURP�DERYH�WDEOH��DQG�DGGUHVV�����K��DGGUHVV�IRU�D[LV
����ZLOO�EH�UHDG�E\�WKH�FKLSVHW��DQG�WKH�YDOXHV�UHWXUQHG�E\�WKH�DVVRFLDWHG�KRVW�SHULSKHUDO�FLUFXLWU\�ZLOO
GHWHUPLQH�WKH�DFWXDO�SRVLWLRQ�IRU�D[LV���DQG���

��� 3HULSKHUDO�'HYLFH�,�2

7KH�1DYLJDWRU�FKLSVHWV�PDNH�XVH�RI�DQ�H[WHUQDO�SHULSKHUDO�EXV�WR�ZULWH�WR�DQG�UHDG�IURP�WKH�XVHU
V
SHULSKHUDO�GHYLFHV�DVVRFLDWHG�ZLWK�YDULRXV�GHGLFDWHG�FKLSVHW�IXQFWLRQV�VXFK�DV�'$&��'LJLWDO�WR
$QDORJ�&RQYHUWHUV��VLJQDO�RXWSXW��SDUDOOHO�ZRUG�LQSXW��XVHU�GHILQHG�PHPRU\�,�2��DQG�VHULDO�SRUW
FRQILJXUDWLRQ�LQSXW�

7KH�EXV�FRQVLVWV�RI���FRQWURO�VLJQDOV��aPeriphSlct, ~Strobe, W/~R, R/~W,�DQG�~WriteEnbl��,Q�DGGLWLRQ�WKHUH�DUH
���DGGUHVV�OLQHV��$GGU��$GGU����DQG����GDWD�OLQHV��'DWD��'DWD�����7KH�FKLSVHW�PDQLSXODWHV�WKHVH
FRQWURO��DGGUHVV��DQG�GDWD�OLQHV�LQ�VXFK�D�ZD\�WKDW�WKH�XVHU�FDQ�GHYHORS�SHULSKHUDO�FLUFXLWU\�WR�UHDG�RU
ZULWH�GDWD�LQWR�RU�IURP�WKH�FKLSVHW�

����� 3HULSKHUDO�'HYLFH�5HDG

7R�SHUIRUP�D�SHULSKHUDO�UHDG�WKH�FKLSVHW�ZLOO�GULYH�WR�D�ORZ�OHYHO�WKH�a3HULSK6OFW�VLJQDO��WKH�a6WUREH
VLJQDO��DQG�WKH�:�a5�VLJQDO��,Q�DGGLWLRQ�WKH�FKLSVHW�ZLOO�GULYH�WR�D�KLJK�OHYHO�RQH�RU�PRUH�DGGUHVV
ELWV�GHSHQGLQJ�RQ�WKH�QXPEHU�RI�DGGUHVVHV�WR�GHFRGH�IRU�D�JLYHQ�IXQFWLRQ��$IWHU�WKHVH�VLJQDOV�KDYH
EHHQ�DVVHUWHG�LW�LV�H[SHFWHG�WKDW�WKH�XVHU
V�SHULSKHUDO�FLUFXLWU\�ZLOO�DVVHUW�WKH�FRUUHFW�GDWD�RQWR�WKH
GDWD�EXV�'DWD�����

7KH�IROORZLQJ�WDEOH�VXPPDUL]HV�WKH�DGGUHVVHV�RI�WKH�1DYLJDWRU�3HULSKHUDOV�

%DVH�$GGUHVV $GGUHVV�ELWV�WR

GHFRGH

'HYLFH 'HVFULSWLRQ

����K $� 6HULDO�SRUW�GDWD &RQWDLQV�WKH�FRQILJXUDWLRQ�GDWD��WUDQVPLVVLRQ�UDWH�
SDULW\��VWRS�ELWV��HWF��IRU�WKH�DV\QFKURQRXV�VHULDO
SRUW�

����K�������K $���$���$�� 3DUDOOHO�ZRUG
HQFRGHU

$GGUHVVHV�IRU�SDUDOOHO�ZRUG�IHHGEDFN�GHYLFHV�IRU
D[HV�����

����K�����IIK $��$���$�� 8VHU�GHILQHG $GGUHVVHV�IRU�XVHU�GHILQHG�,�2�GHYLFHV�

����K $�� 5$0�SDJH
SRLQWHU

3DJH�SRLQWHU�WR�H[WHUQDO�PHPRU\

����K�������K $����$���$�� 0RWRU�RXWSXW
'$&V

$GGUHVVHV�IRU�PRWRU�RXWSXW�'�$�FRQYHUWHUV�IRU
$[HV������

7KH�VSHFLILF�WLPLQJ�IRU�WKH�3HULSKHUDO�5HDG�IXQFWLRQ�LV�GHWDLOHG�LQ�WKH�1DYLJDWRU�7HFKQLFDO
6SHFLILFDWLRQ�PDQXDO�

����� 3HULSKHUDO�'HYLFH�:ULWH

7R�SHUIRUP�D�SHULSKHUDO�ZULWH�WKH�FKLSVHW�ZLOO�GULYH�WR�D�ORZ�OHYHO�WKH�a3HULSK6OFW�VLJQDO��WKH�a6WUREH
VLJQDO��WKH�5�a:�VLJQDO��DQG�WKH�a:ULWH(QEO�VLJQDO��,Q�DGGLWLRQ�WKH�FKLSVHW�ZLOO�GULYH�WR�D�KLJK�OHYHO
RQH�RU�PRUH�DGGUHVV�ELWV�GHSHQGLQJ�RQ�WKH�QXPEHU�RI�DGGUHVVHV�WR�GHFRGH�IRU�D�JLYHQ�IXQFWLRQ��DOVR
DVVHUWLQJ�WKH�GDWD�ZRUG�WR�EH�ZULWWHQ�E\�WKH�FKLSVHW�

$IWHU�WKH�1DYLJDWRU�DVVHUWV�WKHVH�VLJQDOV�LW�LV�H[SHFWHG�WKDW�WKH�XVHU
V�SHULSKHUDO�FLUFXLWU\�ZLOO�UHDG�LQ
WKH�GDWD�ZULWWHQ�E\�WKH�FKLSVHW�

7KH�VSHFLILF�WLPLQJ�IRU�WKH�3HULSKHUDO�:ULWH�IXQFWLRQ�LV�GHWDLOHG�LQ�WKH�1DYLJDWRU�7HFKQLFDO
6SHFLILFDWLRQ�PDQXDO�
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��� 0RWRU�&RPPDQG�2XWSXW

7KH�1DYLJDWRU�FKLSVHWV�SURYLGH�D�YDULHW\�RI�PHWKRGV�WR�LQWHUIDFH�WR�WKH�PRWRU�DPSOLILHU��KRZHYHU�WKH
PHWKRGV�DYDLODEOH�YDU\�ZLWK�HDFK�1DYLJDWRU�FKLSVHW��7KH�IROORZLQJ�WDEOH�VKRZV�WKH�PRWRU�RXWSXW
RSWLRQV�DYDLODEOH�IRU�HDFK�1DYLJDWRU�FKLSVHW�

&KLSVHW�IDPLO\ 0RWRUV�VXSSRUWHG ��RI�SKDVHV�SHU

D[LV

DYDLODEOH�RXWSXW�IRUPDWV

0&���� %UXVKHG

%UXVKOHVV�SHUPDQHQW�PDJQHW
�ZLWK�H[WHUQDO�FRPPXWDWLRQ�

� VLJQ�PDJQLWXGH�3:0

������3:0

���ELW�'$&

0&���� %UXVKOHVV�SHUPDQHQW�PDJQHW ��RU�� VLJQ�PDJQLWXGH�3:0


������3:0

���ELW�'$&

0&���� 0LFURVWHSSLQJ�PRWRU ��RU�� VLJQ�PDJQLWXGH�3:0


������3:0

���ELW�'$&

0&���� 6WHSSLQJ�PRWRU � VWDQGDUG�VSHHG�SXOVH�DQG
GLUHFWLRQ

KLJK�VSHHG�SXOVH�DQG�GLUHFWLRQ


�RQO\�ZKHQ���SKDVHV�DUH�VHOHFWHG��7KLV�IRUPDW�LV�QRW�VXSSRUWHG�IRU���SKDVH�PRWRUV�

6LJQ�PDJQLWXGH�3:0��������3:0��DQG����ELW�'$&�DOO�RXWSXW�D�VLJQHG�QXPHULFDO�PRWRU�FRPPDQG
YDOXH�DOWKRXJK�XVLQJ�GLIIHUHQW�VLJQDO�IRUPDWV�WR�DFFRPSOLVK�WKLV��(DFK�RI�WKHVH�WKUHH�VLJQDO�IRUPDWV

HQFRGHV
�WKLV�VLJQHG�QXPHULFDO�YDOXH�ZKLFK�UHSUHVHQWV�WKH�WRUTXH�RU�YHORFLW\�DW�ZKLFK�WKH�FKLSVHW�LV
FRPPDQGLQJ�WKH�PRWRU�

3XOVH�DQG�GLUHFWLRQ�LV�IXQGDPHQWDOO\�GLIIHUHQW�IURP�WKH�RWKHU�WKUHH�UHSUHVHQWDWLRQV�EHFDXVH�LW�PDNHV
QR�DWWHPSW�WR�HQFRGH�D�PRWRU�WRUTXH��,QVWHDG�SXOVH�DQG�GLUHFWLRQ�VXSSRUWV�VWHS�PRWRU�DPSOLILHUV
ZKLFK�DFFHSW�D�SRVLWLYH�GLUHFWLRQ�PRYHPHQW��SXOVH��DQG�D�QHJDWLYH�GLUHFWLRQ�PRYHPHQW��SXOVH���7KH
DPSOLILHU�WKHQ�GHWHUPLQHV�WKH�PRWRU�WRUTXH��XVXDOO\�WKURXJK�DQ�DQDORJ�VHWWLQJ�RQ�WKH�DPSOLILHU�LWVHOI�

7KH�FRPPDQG�SetOuputMode�FRQWUROV�ZKLFK�RI�WKH�DYDLODEOH�RXWSXW�IRUPDWV�ZLOO�EH�XVHG��7KH
FRPPDQG�GetOutputMode�UHWULHYHV�WKLV�VDPH�YDOXH�

����� 6LJQ�PDJQLWXGH�3:0

,Q�WKLV�PRGH��WZR�SLQV�DUH�XVHG�WR�RXWSXW�WKH�PRWRU�FRPPDQG�LQIRUPDWLRQ�IRU�HDFK�PRWRU�SKDVH�
2QH�SLQ�FDUULHV�WKH�3:0�PDJQLWXGH�WKDW�UDQJHV�IURP���WR��������7KLV�VLJQDO�H[SUHVVHV�WKH�DEVROXWH
PDJQLWXGH�RI�WKH�GHVLUHG�PRWRU�FRPPDQG���$�KLJK�VLJQDO�RQ�WKLV�SLQ�PHDQV�WKH�PRWRU�FRLO�VKRXOG�EH
GULYHQ�ZLWK�YROWDJH��$�VHFRQG�SLQ�RXWSXWV�WKH�VLJQ�RI�WKH�PRWRU�FRPPDQG�E\�JRLQJ�KLJK�IRU�SRVLWLYH
VLJQ�DQG�ORZ�IRU�QHJDWLYH�

,Q�WKLV�PRGH��RXWSXW�LV�UHVROYDEOH�WR���SDUW�SHU��������7KH�WRWDO�UDQJH�RI�WKH�PRWRU�FRPPDQG�UHJLVWHU
ZKLFK�LV���������WR���������LV�VFDOHG�WR�ILW�WKH�3:0�RXWSXW�UDQJH�

)RU�H[DPSOH�LI�WKH�PRWRU�FRPPDQG�WKDW�WKH�FKLSVHW�RXWSXWV�IRU�D�JLYHQ�SKDVH�LV���������WKHQ�WKH
VLJQ�ELW�ZLOO�EH�RXWSXW�DV�D�KLJK�OHYHO��DQG�WKH�PDJQLWXGH�SLQ�ZLOO�RXWSXW�ZLWK�D�GXW\�F\FOH�RI
�����
�������������� �������� ������PHDQLQJ�WKH�PDJQLWXGH�VLJQDO�ZLOO�EH�KLJK�IRU�����F\FOHV�DQG
ORZ�IRU�WKH�UHPDLQLQJ�������F\FOHV��,I�LW�ZHUH�GHVLUHG�WKDW�WKH�RXWSXW�YDOXH�EH���������WKHQ�WKH
PDJQLWXGH�VLJQDO�ZRXOG�EH�WKH�VDPH�EXW�WKH�VLJQ�ELW�ZRXOG�EH�ORZ�LQVWHDG�RI�KLJK�
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6LJQ�PDJQLWXGH�3:0�RXWSXW�LV�W\SLFDOO\�XVHG�ZLWK�+�EULGJH�W\SH�DPSOLILHUV��0RVW�VXFK�DPSOLILHUV
KDYH�VHSDUDWH�VLJQ�DQG�PDJQLWXGH�LQSXWV�DOORZLQJ�WKH�1DYLJDWRU�VLJQDOV�WR�EH�FRQQHFWHG�GLUHFWO\�

7KH�IROORZLQJ�ILJXUH�VKRZV�VLJQ�DQG�PDJQLWXGH�RXWSXW�ZDYH�IRUPV�

)LJXUH�����VKRZV�VRPH�W\SLFDO�3:0�RXWSXW�ZDYHIRUPV�

1

0

0/1024
(off)

1024/1024
(full on)

1023/1024
(max imum
duty cycle)

512/1024
(50 % duty cycle)

1/1024
(min imum

duty cycle)

1

0

1

0

1

0

1

0

Figure 8-2. Typical PWM output signals

����� ������3:0

,Q�WKLV�PRGH�RQO\�RQH�SLQ�LV�XVHG�SHU�PRWRU�RXWSXW�RU�SHU�PRWRU�SKDVH��7KLV�SLQ�FDUULHV�D�YDULDEOH
GXW\�F\FOH�3:0�VLJQDO�PXFK�OLNH�WKH�PDJQLWXGH�VLJQDO�IRU�VLJQ�PDJQLWXGH�3:0��7KLV�3:0�RXWSXW
PHWKRG�GLIIHUV�KRZHYHU�LQ�WKDW�D�����RXWSXW�VLJQDO��KLJK�KDOI�WKH�WLPH��ORZ�KDOI�WKH�WLPH��LQGLFDWHV�D
GHVLUHG�PRWRU�FRPPDQG�RI�]HUR��DQG�SRVLWLYH�PRWRU�FRPPDQGV�DUH�HQFRGHG�DV�GXW\�F\FOHV�JUHDWHU
WKDQ�����GXW\�F\FOHV��DQG�QHJDWLYH�PRWRU�FRPPDQGV�DUH�HQFRGHG�DV�GXW\�F\FOHV�OHVV�WKDQ�������,Q
WKLV�PRGH�D�IXOO�RQ�SRVLWLYH�FRPPDQG�LV�HQFRGHG�DV�D������GXW\�F\FOH��DOZD\V�KLJK��DQG�D�IXOO�RQ
QHJDWLYH�FRPPDQG�LV�HQFRGHG�DV�D�����GXW\�F\FOH��DOZD\V�ORZ��

)RU�H[DPSOH�LI�WKH�PRWRU�FRPPDQG�WKDW�WKH�FKLSVHW�RXWSXWV�IRU�D�JLYHQ�SKDVH�LV���������WKHQ�WKH
PDJQLWXGH�SLQ�ZLOO�RXWSXW�ZLWK�D�GXW\�F\FOH�RI��������������
�������������� �������� ���������� 
�������PHDQLQJ�WKH�PDJQLWXGH�VLJQDO�ZLOO�EH�KLJK�IRU�������F\FOHV�DQG�ORZ�IRU�WKH�UHPDLQLQJ����
F\FOHV��,I�LW�ZHUH�GHVLUHG�WKDW�WKH�RXWSXW�YDOXH�EH���������WKHQ�WKH�PDJQLWXGH�VLJQDO�ZRXOG�KDYH�D
GXW\�F\FOH�RI��������������
��������������� ������� �����PHDQLQJ�WKH�PDJQLWXGH�VLJQDO�ZLOO�EH�KLJK
IRU�����F\FOHV�DQG�ORZ�IRU�WKH�UHPDLQLQJ�������

������PDJQLWXGH�3:0�RXWSXW�LV�XVHG�ZLWK�WZR�GLIIHUHQW�W\SHV�RI�DPSOLILHUV��:KHQ�GULYLQJ�D
EUXVKOHVV�30��SHUPDQHQW�PDJQHW��PRWRU�WKH�PDJQLWXGH�VLJQDO�LV�FRQQHFWHG�WR�D�KDOI�EULGJH�GULYHU�
:KHQ�GULYLQJ�D�'&�EUXVKHG�PRWRU�DQ�+�EULGJH�W\SH�DPSOLILHU�LV�XVHG�KRZHYHU�WKH�PDJQLWXGH�VLJQDO
RI�WKH�+�EULGJH�LV�DOZD\V�WXUQHG�RQ��DQG�WKH�PDJQLWXGH�RXWSXW�RI�WKH�FKLSVHW�LV�FRQQHFWHG�WR�WKH�VLJQ
LQSXW�RI�WKH�+�EULGJH��7KLV�DOWHUQDWLYH�PHWKRG�RI�FRQWUROOLQJ�DQ�+�EULGJH�LV�RFFDVLRQDOO\�XVHIXO�LQ
VLWXDWLRQV�ZKHUH�PRWRU�EDFN�(0)�GXULQJ�GHFHOHUDWLRQ�LV�D�SUREOHP�XVLQJ�WKH�VWDQGDUG�VLJQ
PDJQLWXGH�VFKHPHV�

����� ���%LW�'$&

,Q�WKLV�PRGH�WKH�PRWRU�FRPPDQG�IRU�D�JLYHQ�SKDVH�LV�RXWSXW�GLUHFWO\�WR�WKH�FKLSVHW
V�SHULSKHUDO�EXV
ZKHUH�LW�LV�DVVHPEOHG�LQWR�DQ�DQDORJ�YROWDJH�XVLQJ�D�'$&��'LJLWDO�WR�$QDORJ�&RQYHUWHU���7KH�&3�FKLS
ZULWHV�WKH�'$&�RXWSXW�YDOXH�WR�HDFK�HQDEOHG�FKDQQHO�LQ�WKLV�PRGH�DW�WKH�F\FOH�IUHTXHQF\��6R��IRU
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H[DPSOH��IRU�D�0&�����ZKLFK�KDV�DOO�IRXU�D[HV�VHW�WR�'$&�PRGH�DQG�ZKLFK�LV�RSHUDWLQJ�DW�WKH

VWDQGDUG�F\FOH�WLPH�RI�����µVHF��HDFK�D[LV�ZLOO�EH�ZULWWHQ�WR�RQFH�SHU�����µVHF��ZLWK�WKH�ZULWHV
VHSDUDWHG�E\�����µVHF
)RU�RQH�RU�WZR�SKDVH�PRWRUV��RQH�'$&�RXWSXW�LV�XVHG�IRU�HDFK�SKDVH���)RU�WKUHH�SKDVH�PRWRUV��RQO\
WZR�'$&�RXWSXWV�DUH�XVHG��WKH�WKLUG�SKDVH�ZLOO�DOZD\V�EH�DQ�DQDORJ�VLJQDO�HTXDO�WR�²��
��3����3��
ZKHUH�3��LV�WKH�RXWSXW�IRU�SKDVH���DQG�3��LV�WKH�RXWSXW�IRU�SKDVH�����,I�QHFHVVDU\�WKLV�WKLUG�SKDVH
VLJQDO�PD\�EH�UHDOL]HG�XVLQJ�DQ�LQYHUWLQJ�VXPPLQJ�DPSOLILHU�LQ�WKH�H[WHUQDO�FLUFXLWU\��*HQHUDOO\
WKRXJK�WKLV�LV�QRW�QHFHVVDU\�VLQFH�WKH�PDMRULW\�RI���SKDVH�RII�WKH�VKHOI�DPSOLILHUV�DFFHSW�WZR�SKDVHV
DQG�LQWHUQDOO\�FRQVWUXFW�WKH�WKLUG�

7KH�RXWSXW�YDOXH�ZULWWHQ�KDV�D�UHVROXWLRQ�RI����ELW���7KLV�YDOXH�LV�RIIVHW�E\�����K��VR�D�YDOXH�RI���ZLOO
FRUUHVSRQG�WR�WKH�PRVW�QHJDWLYH�RXWSXW���$�YDOXH�RI�����K�FRUUHVSRQGV�WR�]HUR�RXWSXW��DQG�D�YDOXH
RI��))))K�FRUUHVSRQGV�WR�WKH�PRVW�SRVLWLYH�RXWSXW�

'$&V�ZLWK�UHVROXWLRQV�ORZHU�WKDQ����ELWV�PD\�EH�XVHG��,Q�WKLV�FDVH�RXWSXW�YDOXHV�PXVW�EH�VFDOHG�WR
WKH�KLJK�RUGHU�ELWV�RI�WKH����ELW�GDWD�ZRUG��)RU�H[DPSOH��WR�FRQQHFW�WR�DQ���ELW�'$&��SLQV�'DWD����
DUH�XVHG.��7KH�FRQWHQWV�RI�WKH�ORZ�RUGHU���ELWV��Data0-7��DUH�WUDQVIHUUHG�WR�WKH�GDWD�EXV��EXW�LJQRUHG�

7KH�FKLSVHW�ZULWHV�WKH�'$&�YDOXHV�XVLQJ�WKH�H[WHUQDO�SHULSKHUDO�EXV�GHVFULEHG�LQ�VHFWLRQ�����

7KH�DGGUHVVHV�WKDW�WKH�FKLSVHW�ZULWHV�WR�DUH�VKRZQ�LQ�WKH�WDEOH�EHORZ�

$GGUHVV 0RWRU��SKDVH

����K $[LV����SKDVH��

����K $[LV����SKDVH��

����K $[LV����SKDVH��

����K $[LV����SKDVH��

����K $[LV����SKDVH��

����K $[LV����SKDVH��

����K $[LV����SKDVH��

����K $[LV����SKDVH��

)RU�PRUH�LQIRUPDWLRQ�RQ�'$&�VLJQDO�WLPLQJ�DQG�FRQGLWLRQV��VHH�WKH�'$&�SLQ�GHVFULSWLRQV�DQG
SHULSKHUDO�ZULWH�LQWHUIDFH�WLPLQJ�GLDJUDP�LQ�WKH�7HFKQLFDO�6SHFLILFDWLRQV�GRFXPHQW�IRU�\RXU�FKLSVHW�
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� +RVW�&RPPXQLFDWLRQ

7KH�1DYLJDWRU�0RWLRQ�3URFHVVRU�FRPPXQLFDWHV�ZLWK�LWV�KRVW�V��WKURXJK�HLWKHU�RI�WZR�SRUWV��D�EL�
GLUHFWLRQDO�SDUDOOHO�SRUW��RU�DQ�DV\QFKURQRXV�VHULDO�SRUW��7KH�WZR�SRUWV�PD\�EH�FRQQHFWHG�WR�WKH�VDPH
RU�GLIIHUHQW�KRVW�SURFHVVRUV��DV�VKRZQ�LQ�)LJXUH�����

Figure 9-1. Host-chipset communications

7KH�FKLSVHW�DFFHSWV�FRPPDQGV�IURP�WKH�KRVW�LQ�D�SDFNHW�IRUPDW��%\�VHQGLQJ�VHTXHQFHV�RI
FRPPDQGV�WKH�KRVW�FDQ�FRQWURO�WKH�EHKDYLRU�RI�WKH�PRWLRQ�V\VWHP�DV�GHVLUHG��DQG�PRQLWRU�WKH�VWDWXV
RI�WKH�FKLSVHW�DQG�WKH�PRWRUV�

��� 3ULPDU\�DQG�'LDJQRVWLF�3RUWV

,Q�D�W\SLFDO�PRWLRQ�V\VWHP�RQO\�RQH�KRVW�FRPPXQLFDWLRQ�PHWKRG�ZLOO�EH�XVHG�DW�D�WLPH�WR�FRQWURO�WKH
PRWLRQ�V\VWHP��SDUDOOHO��EL�GLUHFWLRQDO�FRPPXQLFDWLRQ�GDWD�EXV���RU�VHULDO��DV\QFKURQRXV�VHULDO�SRUW��

,Q�VRPH�FDVHV�KRZHYHU�LW�LV�DGYDQWDJHRXV�WR�FRQWURO�WKH�PRWLRQ�V\VWHP�WKURXJK�RQH�FKDQQHO�RI
FRPPXQLFDWLRQ�ZKLOH�PRQLWRULQJ�WKURXJK�DQRWKHU��,Q�VXFK�D�FDVH��ZKHQ�ERWK�SDUDOOHO�DQG�VHULDO
LQWHUIDFH�SRUWV�DUH�XVHG��RQH�LV�GHVLJQDWHG�WKH�SULPDU\�SRUW��DQG�WKH�RWKHU�LV�GHVLJQDWHG�WKH�GLDJQRVWLF
SRUW��7KH�SULPDU\�SRUW�PD\�EH�XVHG�IRU�DOO�KRVW�FKLSVHW�FRPPXQLFDWLRQV�DQG�FRQWURO��7KH�GLDJQRVWLF
SRUW�LV�QRUPDOO\�XVHG�WR�PRQLWRU�SHUIRUPDQFH��%\�GHIDXOW�RQO\�D�OLPLWHG�VHW�RI�KRVW�LQVWUXFWLRQV�FDQ
EH�LVVXHG�WKURXJK�LW�

$W�SRZHU�XS��WKH�SDUDOOHO�SRUW��LI�LW�LV�SUHVHQW��LV�PDGH�SULPDU\�E\�GHIDXOW��WKH�VHULDO�SRUW�EHFRPLQJ
WKH�GLDJQRVWLF�SRUW��,I�WKH�SDUDOOHO�SRUW�LV�GLVDEOHG�WKH�VHULDO�SRUW�LV�SULPDU\�

����� 'LDJQRVWLF�SRUW�IXQFWLRQV

$V�LWV�QDPH�LPSOLHV��WKH�GLDJQRVWLF�SRUW�LV�XVHG�WR�NHHS�WDEV�RQ�WKH�SHUIRUPDQFH�RI�WKH�V\VWHP���%\
GHIDXOW��WKH�GLDJQRVWLF�SRUW�LV�RQO\�DOORZHG�WR�LVVXH�FRPPDQGV�WKDW�GR�QRW�HIIHFW�WKH�LQWHUQDO�VWDWH�RI
WKH�FKLSVHW���7KHVH�FRPPDQGV�LQFOXGH�DOO�RI�WKH�*HW FRPPDQGV���,Q�DGGLWLRQ��WKH�GLDJQRVWLF�SRUW�KDV
DFFHVV�WR�DOO�FRPPDQGV�XVHG�WR�WDNH�GDWD�WUDFHV��LQFOXGLQJ�WKH�SetTrace�FRPPDQGV�DQG�WKH
SetBufferReadIndex�FRPPDQG��
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7R�RYHUULGH�WKHVH�UHVWULFWLRQV��WKH�FRPPDQG�SetDiagnosticPortMode�FRPPDQG�PD\�EH�LVVXHG�E\
WKH�SULPDU\�SRUW��7KLV�DOORZV�WKH�GLDJQRVWLF�SRUW�WR�EH�JUDQWHG�IXOO�DFFHVV�WR�WKH�FKLSVHW
V�FRPPDQG
VHW��&DXWLRQ�VKRXOG�EH�H[HUFLVHG�KRZHYHU�EHFDXVH�LI�ERWK�WKH�SULPDU\�DQG�GLDJQRVWLF�SRUW�LVVXH
PRWLRQ�FRPPDQGV��XQH[SHFWHG�EHKDYLRU�PD\�UHVXOW�

7KH�GLDJQRVWLF�SRUW�LV�HVSHFLDOO\�XVHIXO�EHFDXVH�WKH�SULPDU\�SRUW�QHHG�QRW�EH�DZDUH�WKDW�D�GLDJQRVWLF
SRUW�LV�DWWDFKHG��)RU�H[DPSOH�GXULQJ�V\VWHP�GHYHORSPHQW��HQJLQHHULQJ�WKH�XVHU�PD\�ZDQW�WR
FRQYHQLHQWO\��ORRN�LQVLGH��WKH�FKLSVHW�DQG�PRQLWRU�VHUYR�SHUIRUPDQFH�XVLQJ�WKH�WUDFH�IDFLOLW\��5DWKHU
WKDQ�ZULWH�DOO�RI�WKLV�FRGH�LQWR�WKH�XVHU
V�DSSOLFDWLRQ�WKH�XVHU�FDQ�DFFHVV�D�VHSDUDWH�V\VWHP�FRQQHFWHG
WR�WKH�GLDJQRVWLF�SRUW��W\SLFDOO\�WKH�VHULDO�SRUW��ZKLFK�LV�H[HFXWHV�D�VRIWZDUH�SURJUDP�WKDW�FDQ
SHUIRUP�WUDFH�DQG�GLVSOD\�IXQFWLRQV�

��� 3DUDOOHO�&RPPXQLFDWLRQ�3RUW

7KH�EL�GLUHFWLRQDO�SDUDOOHO�SRUW�LV�FRQILJXUHG�WR�RSHUDWH�LQ�RQH�RI�WZR�PRGHV��DV�IROORZV�

���ELW�PRGH 7KH�PRWLRQ�SURFHVVRU�WUDQVIHUV�LQVWUXFWLRQV�DQG�GDWD�DV�IXOO����ELW�ZRUGV��XVLQJ�WKH
HQWLUH����ELW�GDWD�SDWK�

��ELW�PRGH 7KH�PRWLRQ�SURFHVVRU�WUDQVIHUV�LQVWUXFWLRQV�DQG�GDWD�DV�IXOO����ELW�ZRUGV��KRZHYHU
XVLQJ�DQ���ELW�GDWD�SDWK��:RUGV�DUH�WUDQVIHUUHG�LQ�WZR�VXFFHVVLYH�E\WHV��WKH�KLJK�
RUGHU�E\WH�RI�HDFK�ZRUG�LV�WUDQVIHUUHG�ILUVW�LQ�DOO�FDVHV��7KLV�PRGH�DOORZV�DFFHVV�WR�DOO
IHDWXUHV�RI�WKH�1DYLJDWRU�LQVWUXFWLRQ�VHW�HYHQ�ZKHQ�WKH�KRVW�LV�OLPLWHG�WR�DQ���ELW
GDWD�SDWK�

7KH�SDUDOOHO�SRUW�FRQILJXUDWLRQ�LV�GHWHUPLQHG�E\�WKH�HostMode1�DQG�HostMode0 SLQV�RQ�WKH�,�2�FKLS�
ZKLFK�PXVW�EH�VHW�DV�IROORZV�

,�2�0RGH +RVW0RGH� +RVW0RGH�

������PRGH � �

�VW�JHQ
FRPSDWLEOH

� �

�����PRGH � �

VHULDO�SRUW � �

,I�WKH�SDUDOOHO�SRUW�LV�QRW�XVHG��HostMode1�DQG�HostMode0�PXVW�ERWK�EH�VHW�WR����7KLV�GLVDEOHV�WKH�SDUDOOHO
SRUW�DQG�PDNHV�WKH�VHULDO�SRUW�WKH�GHIDXOW�SULPDU\�SRUW��VHH�6HFWLRQ������
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����� &RQWURO�VLJQDOV

)LYH�FRQWURO�VLJQDOV�V\QFKURQL]H�FRPPXQLFDWLRQV�WKURXJK�WKH�SDUDOOHO�SRUW���~HostSlct, HostRdy,
~HostWrite, ~HostRead, DQG�HostCmd�

~HostSlct 6HW�E\�KRVW���ZKHQ�WKLV�VLJQDO�LV�DVVHUWHG��ORZ���WKH�KRVW�SDUDOOHO�SRUW�LV
VHOHFWHG�IRU�RSHUDWLRQV�

HostRdy 6HW�E\�FKLSVHW���ZKHQ�KLJK��LQGLFDWHV�WR�WKH�KRVW�WKDW�WKH�PRWLRQ
SURFHVVRU·V�KRVW�SRUW�LV�DYDLODEOH�IRU�RSHUDWLRQV�

~HostWrite 6HW�E\�KRVW���ZKHQ�DVVHUWHG�ORZ��DOORZV�D�GDWD�WUDQVIHU�IURP�WKH�KRVW�WR
WKH�FKLSVHW�

~HostRead 6HW�E\�KRVW���ZKHQ�DVVHUWHG�ORZ��DOORZV�D�GDWD�ZRUG�WR�EH�UHDG�E\�WKH
KRVW�IURP�WKH�FKLSVHW�

HostCmd 8VHG�LQ�FRQMXQFWLRQ�ZLWK�WKH�~HostRead DQG�~HostWrite VLJQDOV�DV�IROORZV�

:KHQ DQG�HostCmd LV

~HostWrite LV�ORZ ORZ� ZULWH�GDWD�ZRUG�WR�FKLSVHW

KLJK� ZULWH�LQVWUXFWLRQ�ZRUG�WR�FKLSVHW

~HostRead LV�ORZ ORZ� UHDG�GDWD�ZRUG�IURP�FKLSVHW

KLJK� UHDG�VWDWXV�E\WH�IURP�FKLSVHW��VHH�6HFWLRQ�������

����� 3DUDOOHO�SRUW�,�2�RSHUDWLRQV

8VLQJ�WKH�ILYH�SDUDOOHO�SRUW�FRQWURO�VLJQDOV�RI�~HostSlct, HostRdy, ~HostWrite, ~HostRead, DQG�HostCmd�LW�LV
SRVVLEOH�WR�SHUIRUP�DOO�QHFHVVDU\�RSHUDWLRQV�WR�VHQG�FRPPDQGV�WR�WKH�FKLSVHW�

7KHUH�DUH�WKUHH�RSHUDWLRQV�WKDW�DFFRPSOLVK�WKLV��WKH�LQVWUXFWLRQ�ZRUG�ZULWH��WKH�GDWD�ZRUG�ZULWH��DQG�WKH
GDWD�ZRUG�UHDG��%\�SHUIRUPLQJ�WKHVH�RSHUDWLRQV�LQ�WKH�FRUUHFW�VHTXHQFH�FRPSOHWH�FRPPDQG�SDFNHWV
FDQ�EH�DVVHPEOHG�DQG�VHQW�WR�WKH�FKLSVHW��&RPPDQG�IRUPDW�LV�GLVFXVVHG�LQ�DQ�XSFRPLQJ�VHFWLRQ�

LQVWUXFWLRQ�ZRUG�ZULWH���,Q����ELW�EXV�PRGH�WKLV�LV�DFFRPSOLVKHG�E\�DVVHUWLQJ�a+RVW6OFW�DQG�a+RVW:ULWH
ORZ��DVVHUWLQJ�+RVW&PG�KLJK��DQG�ORDGLQJ�WKH�GDWD�EXV�ZLWK�WKH�GHVLUHG����ELW�LQVWUXFWLRQ�ZRUG
YDOXH��,Q���ELW�EXV�PRGH�WKH�FRQWURO�VLJQDOV�DUH�WKH�VDPH�H[FHSW�RQO\�WKH�ORZ���ELWV�RI�WKH�GDWD�EXV
KROG�GDWD��DQG�WKH�RSHUDWLRQ�LV�SHUIRUPHG�WZLFH��2Q�WKH�ILUVW���ELW�ZULWH�WKH�GDWD�EXV�VKRXOG�FRQWDLQ
WKH�KLJK�E\WH�RI�WKH�LQVWUXFWLRQ�ZRUG��2Q�WKH�VHFRQG���ELW�ZULWH�WKH�GDWD�VKRXOG�FRQWDLQ�WKH�ORZ�E\WH
RI�WKH�LQVWUXFWLRQ�ZRUG�

GDWD�ZRUG�ZULWH���,Q����ELW�EXV�PRGH�WKLV�LV�DFFRPSOLVKHG�E\�DVVHUWLQJ�a+RVW6OFW��DQG�a+RVW:ULWH�ORZ�
DVVHUWLQJ�+RVW&PG�ORZ��DQG�ORDGLQJ�WKH�GDWD�EXV�ZLWK�WKH�GHVLUHG����ELW�GDWD�ZRUG�YDOXH���,Q���ELW
EXV�PRGH�WKH�FRQWURO�VLJQDOV�DUH�WKH�VDPH�H[FHSW�RQO\�WKH�ORZ���ELWV�RI�WKH�GDWD�EXV�KROG�GDWD��DQG
WKH�RSHUDWLRQ�LV�SHUIRUPHG�WZLFH��2Q�WKH�ILUVW���ELW�ZULWH�WKH�GDWD�EXV�VKRXOG�FRQWDLQ�WKH�KLJK�E\WH�RI
WKH�GDWD�ZRUG��2Q�WKH�VHFRQG���ELW�ZULWH�WKH�GDWD�VKRXOG�FRQWDLQ�WKH�ORZ�E\WH�RI�WKH�GDWD�ZRUG�

GDWD�ZRUG�UHDG���,Q����ELW�EXV�PRGH�WKLV�LV�DFFRPSOLVKHG�E\�DVVHUWLQJ�a+RVW6OFW��DQG�a+RVW5HDG�ORZ�
DVVHUWLQJ�+RVW&PG�ORZ��DQG�VWRULQJ�WKH�YDOXH�DVVHUWHG�E\�WKH�FKLSVHW�RQ�WKH����ELW�GDWD�EXV��,Q���ELW
EXV�PRGH�WKH�FRQWURO�VLJQDOV�DUH�WKH�VDPH�H[FHSW�RQO\�WKH�ORZ���ELWV�RI�WKH�GDWD�EXV�KROG�GDWD��DQG

                                                          
��$�VL[WK�FRQWURO�VLJQDO��HostIntrpt��LV�FRQQHFWHG�WR�WKH�&3�FKLS��,W�LV�QRW�XVHG�GLUHFWO\�LQ
FRPPXQLFDWLRQV��VHH�VHFWLRQ�����IRU�GLVFXVVLRQ�
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WKH�RSHUDWLRQ�LV�SHUIRUPHG�WZLFH��2Q�WKH�ILUVW���ELW�UHDG�WKH�GDWD�EXV�ZLOO�FRQWDLQ�WKH�KLJK�E\WH�RI�WKH
GDWD�ZRUG��2Q�WKH�VHFRQG���ELW�UHDG�WKH�GDWD�ZLOO�FRQWDLQ�WKH�ORZ�E\WH�RI�WKH�GDWD�ZRUG�

$W�WKH�EHJLQQLQJ�RI�HDFK�RI�WKHVH�RSHUDWLRQV�WKH�~HostSlct�VLJQDO�PXVW�EH�ORZ��7KLV�LQGLFDWHV�WKDW�WKH
FKLSVHW�LV�UHDG\�WR�UHFHLYH�RU�WUDQVPLW�D�QHZ�GDWD�RU�LQVWUXFWLRQ�ZRUG��,Q�EHWZHHQ���ELW�WUDQVIHUV�WKH
aHostRdy�GRHV�QRW�QHHG�WR�EH�FKHFNHG��)RU�H[DPSOH�DIWHU�FKHFNLQJ�WKH�aHostRdy�IRU�WKH�KLJK�E\WH�RI
DQ\�RI�WKHVH���E\WH�WUDQVIHUV��LQVWUXFWLRQ�ZRUG�ZULWH��GDWD�ZRUG�ZULWH��RU�GDWD�ZRUG�UHDG��WKH�aHostRdy�GRHV
QRW�KDYH�WR�EH�FKHFNHG�DJDLQ�WR�WUDQVIHU�WKH�ORZ�E\WH�

)RU�PRUH�GHWDLOHG�HOHFWULFDO�LQIRUPDWLRQ�RQ�WKHVH�RSHUDWLRQV��VHH�WKH�SLQ�GHVFULSWLRQV�DQG�WLPLQJ
GLDJUDPV�LQ�WKH�7HFKQLFDO�6SHFLILFDWLRQV�GRFXPHQW�IRU�\RXU�FKLSVHW�

127(

%HIRUH� DQ\� SDUDOOHO� KRVW� ,�2� RSHUDWLRQ� LV� SHUIRUPHG�� WKH� XVHU� PXVW� PDNH� VXUH� WKDW� WKH
aHostRdy� VLJQDO� LV� KLJK� �FKLSVHW� UHDG\��� $IWHU� HDFK� ZRUG� �LQVWUXFWLRQ� RU� GDWD�� LV� UHDG� RU
ZULWWHQ��WKLV�VLJQDO�ZLOO�JR�ORZ��FKLSVHW�EXV\���,W�ZLOO�UHWXUQ�WR�UHDG\�ZKHQ�WKH�FKLSVHW�LV�UHDG\
WR�WUDQVIHU�WKH�QH[W�ZRUG�

����� 7KH�VWDWXV�UHDG�RSHUDWLRQ

7KHUH�LV�D�VSHFLDO�RSHUDWLRQ�FDOOHG�D�VWDWXV�UHDG�ZKLFK�LV�QRW�GLUHFWO\�UHODWHG�WR�UHDGLQJ�RU�ZULWLQJ�WR
WKH�FKLSVHW��7KH�VWDWXV�UHDG�DOORZV�WKH�XVHU�WR�GHWHUPLQH�WKH�VWDWH�RI�VRPH�RI�WKH�FKLSVHW
V�KRVW
LQWHUIDFH�VLJQDOV�DQG�IODJV�ZLWKRXW�KDYLQJ�WR�GHYHORS�VSHFLDO�GHFRGH�ORJLF�

$�VWDWXV�UHDG�RSHUDWLRQ�LV�SHUIRUPHG�E\�DVVHUWLQJ�~HostRead�ORZ�DQG�HostCmd�KLJK��DQG�UHDGLQJ�WKH�GDWD
EXV��7KH�UHVXOWDQW�GDWD�ZRUG�VHQW�E\�WKH�FKLSVHW�FRQWDLQV�WKH�IROORZLQJ�LQIRUPDWLRQ�

ELW�� 'HVFULSWLRQ

���� XQXVHG��VHW�WR��

�� +ROGV�YDOXH�RI�+RVW,2(UURU�VLJQDO��VHH�VHFWLRQ
��������IRU�PRUH�LQIRUPDWLRQ�RQ�WKLV�VLJQDO�

�� +ROGV�YDOXH�RI�+RVW,QWUSW�VLJQDO��$���LQGLFDWHV�WKH
VLJQDO�OHYHO�LV�KLJK

�� +ROGV�YDOXH�RI�+RVW5G\�VLJQDO����LQGLFDWHV�WKH�VLJQDO
OHYHO�LV�KLJK

6WDWXV�UHDGV�FDQ�EH�SHUIRUPHG�DW�DQ\�WLPH��UHJDUGOHVV�RI�WKH�VWDWH�RI�WKH�HostRdy�VLJQDO�

��� 3DUDOOHO�+RVW�,�2�&RPPDQGV

(DFK�FRPPDQG�VHQW�E\�WKH�KRVW�KDV�DQ�RYHUDOO�IRUPDW�ZKLFK�GRHV�QRW�FKDQJH��HYHQ�LI�WKH�DPRXQW�RI
GDWD�DQG�QDWXUH�RI�WKH�FRPPDQG�YDULHV�VRPHZKDW��7KLV�JHQHULF�IRUPDW�LV�DV�IROORZV�

(DFK�FRPPDQG�KDV�DQ�LQVWUXFWLRQ�ZRUG�����ELWV��ZKLFK�LGHQWLILHV�WKH�FRPPDQG��7KHQ�WKHUH�PD\�EH
]HUR�RU�PRUH�ZRUGV�RI�GDWD�DVVRFLDWHG�ZLWK�WKH�FRPPDQG�WKDW�WKH�KRVW�ZULWHV�WR�WKH�FKLSVHW�
IROORZHG�E\�]HUR�RU�PRUH�ZRUGV�RI�GDWD�WKDW�WKH�KRVW�UHDG�EDFN�IURP�WKH�FKLSVHW��)LQDOO\�WKHUH�LV�DQ
RSWLRQDO�FKHFNVXP�WKDW�PD\�EH�UHDG�E\�WKH�KRVW�WR�FKHFN�WKDW�FRPPXQLFDWLRQV�DUH�RFFXUULQJ
SURSHUO\��:KHWKHU�WKHUH�LV�GDWD�ZULWWHQ�WR�WKH�FKLSVHW�DQG�GDWD�ZULWWHQ�WR�WKH�KRVW�GHSHQGV�RQ�WKH
W\SH�RI�FRPPDQG�
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7R�LOOXVWUDWH�FRPPDQG�VHTXHQFLQJ��D�IHZ�FRPPDQG�H[DPSOHV�DUH�OLVWHG�EHORZ��)RU�HDFK�RI�WKHVH
FRPPDQGV���IXQGDPHQWDO�,�2�RSHUDWLRQV�DUH�UHIHUHQFHG��WKH�LQVWUXFWLRQ�ZRUG�ZULWH��WKH�GDWD�ZRUG�ZULWH�
DQG�WKH�GDWD�ZRUG�UHDG��7KHVH�VDPH�IXQGDPHQWDO�RSHUDWLRQV�KDYH�DOUHDG\�EHHQ�GHILQHG�LQ�D�SUHYLRXV
VHFWLRQ

&OHDU,QWHUUXSW ���WKLV�FRPPDQG�WUDQVIHUV�QR� GDWD�WR�IURP�WKH�FKLSVHW�

2SHUDWLRQ�� RSHUDWLRQ GDWD�YDOXH &RPPHQWV

� LQVWUXFWLRQ�ZRUG�ZULWH ��&$K LGHQWLILHV�WKLV�SDFNHW�DV�D
&OHDU,QWHUUXSW�FRPPDQG

>�@
 >GDWD�ZRUG�UHDG@ >��&$K@ LI�D�GDWD�ZRUG�UHDG�LV�SHUIRUPHG�WKH
UHWXUQHG�YDOXH�ZLOO�EH�WKH�FKHFNVXP
IRU�WKH�SUHYLRXV�FRPPDQG��ZKLFK�LQ
WKLV�FDVH�ZLOO�EH�D�YDOXH�RI���&$K


>EUDFNHWV@�LQGLFDWH�WKLV�RSHUDWLRQ�LV�RSWLRQDO

6HW9HORFLW\ $[LV�����������K ���7KLV�FRPPDQG�WUDQVIHUV�WZR�ZRUGV�RI�GDWD�WR�WKH�FKLSVHW�

RSHUDWLRQ�� RSHUDWLRQ GDWD�YDOXH FRPPHQWV

� LQVWUXFWLRQ�ZRUG�ZULWH ����K LGHQWLILHV�WKLV�SDFNHW�DV�D�SetVelocity
FRPPDQG�ZLWK�DQ�D[LV���RI����FRGHG
DV�D���

� GDWD�ZRUG�ZULWH ����K WUDQVIHUV�D�GDWD�ZRUG�RI�������KH[��WR
WKH�FKLSVHW

� GDWD�ZRUG�ZULWH ����K WUDQVIHUV�D�GDWD�ZRUG�RI�������KH[��WR
WKH�FKLSVHW

>�@ >GDWD�ZRUG�UHDG@ >�DEGK@ LI�D�GDWD�ZRUG�UHDG�LV�SHUIRUPHG�WKH
UHWXUQHG�YDOXH�ZLOO�EH�WKH�FKHFNVXP
IRU�WKH�SUHYLRXV�FRPPDQG��ZKLFK�LQ
WKLV�FDVH�ZLOO�EH�D�YDOXH�RI��DEGK

*HW(YHQW6WDWXV $[LV� ���7KLV�FRPPDQG�UHDGV�RQH�ZRUG�RI�GDWD�IURP�WKH�FKLSVH W�

RSHUDWLRQ�� RSHUDWLRQ GDWD�YDOXH &RPPHQWV

� LQVWUXFWLRQ�ZRUG�ZULWH ����K LGHQWLILHV�WKLV�SDFNHW�DV�D
*HW(YHQW6WDWXV�FRPPDQG�ZLWK�DQ�D[LV
��RI����FRGHG�DV���

� GDWD�ZRUG�UHDG ����K WUDQVIHUV�D�GDWD�ZRUG�RI�������KH[��WR
WKH�KRVW��7KH�DFWXDO�YDOXH�RI�WKH�HYHQW
VWDWXV�UHJLVWHU�GHSHQGV�RQ�WKH�VWDWH�RI
WKH�D[LV�������LV�XVHG�SXUHO\�IRU
H[DPSOH�

>�@ >GDWD�ZRUG�UHDG@ >����@ LI�D�GDWD�ZRUG�UHDG�LV�SHUIRUPHG�WKH
UHWXUQHG�YDOXH�ZLOO�EH�WKH�FKHFNVXP
IRU�WKH�SUHYLRXV�FRPPDQG��ZKLFK�LQ
WKLV�FDVH�ZLOO�EH�D�YDOXH�RI���EGK�
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*HW%XIIHU5HDG,QGH[ WUDFHEXIIHU ���7KLV�FRPPDQG�VHQGV�RQH�ZRUG�DQG�UHDGV�WZR�ZRUGV�RI�GDWD�

RSHUDWLRQ�� RSHUDWLRQ GDWD�YDOXH &RPPHQWV

� LQVWUXFWLRQ�ZRUG�ZULWH ��&�K LGHQWLILHV�WKLV�SDFNHW�DV�D
*HW%XIIHU5HDG,QGH[�FRPPDQG

� GDWD�ZRUG�ZULWH �K WUDQVIHUV�D�GDWD�ZRUG�RI���WR�WKH
FKLSVHW��7KLV�LV�WKH�EXIIHU�,G��$��
FRUUHVSRQGV�WR�WKH�WUDFHEXIIHU�,'�

� GDWD�ZRUG�UHDG ����K WUDQVIHUV�D�GDWD�ZRUG�RI���WR�WKH�KRVW�
7KH�DFWXDO�YDOXH�RI�WKH�WUDFH�EXIIHU
LQGH[�GHSHQGV�RQ�WKH�VWDWH�RI�WKH
FKLSVHW����LV�XVHG�SXUHO\�IRU�H[DPSOH�

� GDWD�ZRUG�UHDG ����K WUDQVIHUV�D�GDWD�ZRUG�RI�����K�WR�WKH
KRVW��7KH�DFWXDO�YDOXH�RI�WKH�WUDFH
EXIIHU�LQGH[�GHSHQGV�RQ�WKH�VWDWH�RI
WKH�FKLSVHW������K�LV�XVHG�SXUHO\�IRU
H[DPSOH�

>�@ >GDWD�ZRUG�UHDG@ >���'@ LI�D�GDWD�ZRUG�UHDG�LV�SHUIRUPHG�WKH
UHWXUQHG�YDOXH�ZLOO�EH�WKH�FKHFNVXP
IRU�WKH�SUHYLRXV�FRPPDQG��ZKLFK�LQ
WKLV�FDVH�ZLOO�EH�D�YDOXH�RI����'K�

����� &KHFNVXP

)URP�WKH�DERYH�VHTXHQFHV�\RX�ZLOO�QRWLFH�WKDW�LW�LV�SRVVLEOH�WR�UHWULHYH�D�FKHFNVXP�DW�WKH�HQG�RI�HDFK
FRPPDQG��ZKHWKHU�WKH�FRPPDQG�LV�D�UHDG�FRPPDQG�RU�D�ZULWH�FRPPDQG��7KH�FKHFNVXP�FDQ
HQKDQFH�UHOLDELOLW\�IRU�FULWLFDO�DSSOLFDWLRQV��SDUWLFXODUO\�LQ�YHU\�QRLV\�HOHFWULFDO�HQYLURQPHQWV��RU�ZKHQ
WKH�FRPPXQLFDWLRQ�VLJQDOV�DUH�URXWHG�RYHU�D�PHGLXP�WKDW�PD\�KDYH�GDWD�ORVVHV��7KH�FKHFNVXP
FRQVLVWV�RI�WKH�ORZ�RUGHU����ELWV�RI�WKH�VXP�RI�DOO�SUHFHGLQJ�ZRUGV�WUDQVPLWWHG�LQ�WKH�FRPPDQG��)RU
H[DPSOH�LI�D�SetVelocity�LQVWUXFWLRQ��ZKLFK�WDNHV�WZR����ELW�ZRUGV�RI�GDWD��LV�VHQW�ZLWK�D�GDWD�YDOXH
RI�)('&%$����KH[���WKH�FKHFNVXP�ZRXOG�EH�

  0011h FRGH�IRU�SetVelocity�LQVWUXFWLRQ
+ FEDCh ILUVW�GDWD�ZRUG
+ BA98h VHFRQG�GDWD�ZRUG
 1 B985h FKHFNVXP� �%�����ORZ�RUGHU����ELWV�RQO\�

5HDGLQJ�WKH�FKHFNVXP�LV�RSWLRQDO��5HFRYHU\�IURP�DQ�LQFRUUHFW�FRPPDQG�WUDQVIHU��EDG�FKHFNVXP�
ZLOO�GHSHQG�RQ�WKH�QDWXUH�RI�WKH�SDFNHW��%XIIHUHG�RSHUDWLRQV�FDQ�DOZD\V�EH�UH�WUDQVPLWWHG��EXW�D�QRQ�
EXIIHUHG�LQVWUXFWLRQ��RQH�WKDW�FDXVHV�DQ�LPPHGLDWH�DFWLRQ��PLJKW�RU�PLJKW�QRW�EH�UH�WUDQVPLWWHG�
GHSHQGLQJ�RQ�WKH�LQVWUXFWLRQ�DQG�WKH�VWDWH�RI�WKH�D[LV�

����� +RVW�,�2�(UURUV

7KHUH�DUH�D�QXPEHU�RI�FKHFNV�WKDW�WKH�FKLSVHW�PDNHV�RQ�WKH�FRPPDQG�VHQW�WR�WKH�FKLSVHW��7KHVH
FKHFNV�LPSURYH�VDIHW\�RI�WKH�PRWLRQ�V\VWHP�E\�HOLPLQDWLQJ�VRPH�REYLRXVO\�LQFRUUHFW�FRPPDQG�GDWD
YDOXHV��$OO�VXFK�FKHFNV�DVVRFLDWHG�ZLWK�KRVW�,�2�FRPPDQGV�DUH�UHIHUUHG�WR�DV�+RVW�,�2�HUURUV��,I
DQ\�VXFK�HUURU�RFFXUV��ELW����RI�WKH�,�2�VWDWXV�UHDG�ZRUG��VHH�SUHYLRXV�VHFWLRQ�IRU�GHILQLWLRQ�RI�WKLV
ZRUG��LV�VHW��7R�GHWHUPLQH�WKH�FDXVH��WKH�FRPPDQG�GetHostIOError�LV�XVHG��([HFXWLQJ�WKH
*HW+RVW,2(UURU�FRPPDQG�DOVR�FOHDUV�ERWK�WKH�HUURU�FRGH�DQG�WKH�,�2�HUURU�ELW�LQ�WKH�,�2�VWDWXV
UHDG�ZRUG�



1DYLJDWRU�0RWLRQ�3URFHVVRU�8VHU·V�*XLGH ��

,�2�HUURUV�FRGHV�ZKLFK�DUH�UHWXUQHG�E\�WKH�*HW+RVW,2(UURU�FRPPDQG�DUH�DV�IROORZV�

&RGH ,QGLFDWLRQ &DXVH

� QR�HUURU 1R�HUURU�FRQGLWLRQ

� 1DYLJDWRU�UHVHW 'HIDXOW�YDOXH�RI�HUURU�FRGH�RQ�UHVHW�RU�SRZHU�XS

� LQYDOLG�LQVWUXFWLRQ ,QVWUXFWLRQ�LV�QRW�YDOLG�LQ�WKH�FXUUHQW�FRQWH[W��RU�DQ�LOOHJDO�LQVWUXFWLRQ�FRGH�KDV
EHHQ�GHWHFWHG�

� LQYDOLG��D[LV 7KH�D[LV�QXPEHU�FRQWDLQHG�LQ�WKH�XSSHU�ELWV�RI�WKH�LQVWUXFWLRQ�ZRUG�LV�QRW
VXSSRUWHG�E\�WKLV�FKLSVHW�

� LQYDOLG��SDUDPHWHU 7KH�SDUDPHWHU�YDOXH�VHQW�WR�WKH�PRWLRQ�SURFHVVRU�ZDV�RXW�RI�LWV�DFFHSWDEOH
UDQJH�

� WUDFH�UXQQLQJ $Q�LQVWUXFWLRQ�ZDV�LVVXHG�WKDW�ZRXOG�FKDQJH�WKH�VWDWH�RI�WKH�WUDFLQJ
PHFKDQLVP�ZKLOH�WKH�WUDFH�LV�UXQQLQJ���,QVWUXFWLRQV�ZKLFK�FDQ�UHWXUQ�WKLV�HUURU

DUH�SetTraceVariable��SetTraceMode�	�SetTracePeriod�
� 5HVHUYHG

� EORFN�ERXQG�H[FHHGHG �� 7KH�YDOXH�VHQW�E\�SetBufferLength�RU�SetBufferStart ZRXOG�FUHDWH�D
PHPRU\�EORFN�ZKLFK�H[WHQGV�EH\RQG�WKH�DOORZHG�OLPLWV�RI����K��
�)))))))K��

�� (LWKHU�SetBufferReadIndex�RU�SetBufferWriteIndex�VHQW�DQ�LQGH[
YDOXH�JUHDWHU�WKDQ�RU�HTXDO�WR�WKH�EORFN�OHQJWK�

� WUDFH�]HUR SetTraceStart Immediate�ZDV�LVVXHG��EXW�WKH�OHQJWK�RI�WKH�WUDFH�EXIIHU�LV
FXUUHQWO\�VHW�WR�]HUR�

� EDG�FKHFNVXP �6HULDO�SRUW�RQO\��7KH�FKHFNVXP�FRPSOLHG�DQG�UHWXUQHG�E\�1DYLJDWRU�GRHV�QRW
PDWFK�WKDW�VHQW�E\�WKH�KRVW�

$K QRW�SULPDU\�SRUW $�SURKLELWHG�LQVWUXFWLRQ��RQH�ZKLFK�FDQ�EH�H[HFXWHG�RQO\�WKURXJK�WKH�SULPDU\
SRUW��ZDV�LVVXHG�WKURXJK�WKH�GLDJQRVWLF�SRUW�

��� 6HULDO�3RUW

,Q�DGGLWLRQ�WR�WKH�SDUDOOHO�LQWHUIDFH��WKH�1DYLJDWRU�PRWLRQ�SURFHVVRU�SURYLGHV�DQ�DV\QFKURQRXV�VHULDO
FRQQHFWLRQ���7KLV�VHULDO�SRUW�PD\�EH�FRQILJXUHG�WR�RSHUDWH�DW�EDXG�UDWHV�UDQJLQJ�IURP������EDXG�WR
��������EDXG��DQG�PD\�EH�XVHG�LQ�SRLQW�WR�SRLQW�RU�PXOWL�GURS�PRGH�

����� &RQILJXUDWLRQ

$IWHU�UHVHW��WKH�FKLSVHW�UHDGV�D����ELW�YDOXH�IURP�LWV�SHULSKHUDO�EXV��ORFDWLRQ����K��ZKLFK�LW�XVHV�WR
VHW�WKH�GHIDXOW�FRQILJXUDWLRQ�RI�WKH�VHULDO�SRUW���,I�WKH�VHULDO�SRUW�LV�WR�EH�XVHG��WKHQ�H[WHUQDO�KDUGZDUH
VKRXOG�EH�XVHG�WR�GHFRGH�WKLV�DFFHVV�DQG�SURYLGH�D�VXLWDEOH�FRQILJXUDWLRQ�ZRUG�DV�GHVFULEHG�EHORZ�
6HH�VHFWLRQ�����IRU�GHWDLOV�RQ�SHULSKHUDO�EXV�,�2�

$OWHUQDWLYHO\��LI�DGGLQJ�H[WHUQDO�GHFRGLQJ�KDUGZDUH�LV�QRW�GHVLUDEOH�WKHQ�WKH�&3·V�H[WHUQDO�GDWD�EXV
PD\�EH�SXOOHG�XS�XVLQJ�KLJK�YDOXH�UHVLVWHUV��IRU�H[DPSOH����.RKP����7KLV�ZLOO�FDXVH�WKH�FKLSVHW�WR
UHDG�WKH�YDOXH��))))K�IURP�DGGUHVV����K���:KHQ�WKLV�YDOXH�LV�UHDG�WKH�FKLSVHW�ZLOO�VHWXS�WKH�VHULDO
SRUW�LQ�D�GHIDXOW�FRQILJXUDWLRQ�RI������EDXG��QR�SDULW\��RQH�VWRS�ELW��SRLQW�WR�SRLQW�PRGH�
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7KH�FRQILJXUDWLRQ�ZRUG�UHDG�E\�WKH�&3�DW�DGGUHVV����K�LV�RUJDQL]HG�DV�IROORZV�

%LW 3DUDPHWHU ,QGLFDWLRQV

��� 7UDQVPLVVLRQ�UDWH
VHOHFWRU

�K �����ELWV�SHU�VHFRQG �K
������ESV


�K �����ESV�K �������ESV

�K �����ESV�K �������ESV
�K ������ESV �K �������ESV

��� 3DULW\�VHOHFWRU �K 1RQH

�K 2GG�SDULW\

�K (YHQ�SDULW\

�K 5HVHUYHG��GR�QRW�XVH�

� 1XPEHU�RI�VWRS�ELWV �K ��VWRS�ELW

�K ��VWRS�ELWV

��� 3URWRFRO�W\SH �K 3RLQW�WR�SRLQW

�K 5HVHUYHG��GR�QRW�XVH�

�K 0XOWL�GURS��DGGUHVV�ELW�PRGH�

�K 0XOWL�GURS��LGOH�OLQH�PRGH�

���� 5HVHUYHG

����� 0XOWL�GURS�DGGUHVV
VHOHFWRU���6KRXOG�EH
]HUR�LQ�SRLQW�WR�
SRLQW�PRGH�

�K $GGUHVV��

�K $GGUHVV��

«

��K $GGUHVV���

*To insure synchronization between characters at these transmission rates, use 2 stop bits.

����� &RQWURO�VLJQDOV

7KUHH�VLJQDOV��SrlXmt��SrlRcv��DQG�SrlEnable�PHGLDWH�VHULDO�WUDQVIHUV���SrlXmt�HQFRGHV�GDWD�WUDQVPLWWHG�IURP
WKH�&3�WR�WKH�KRVW�SURFHVVRU���SrlRcv�UHFHLYHV�GDWD�VHQW�IURP�WKH�KRVW�WR�WKH�&3���SrlEnable�JRHV�DFWLYH
�KLJK��ZKHQ�GDWD�LV�EHLQJ�WUDQVPLWWHG�LQ�PXOWL�GURS�PRGH���7KLV�VLJQDO�PD\�EH�FRQQHFWHG�WR�WKH
RXWSXW�HQDEOH�SLQ�RI�D�VHULDO�EXIIHU�,&�WR�DOORZ�WUL�VWDWLQJ�RI�WKH�WUDQVPLW�OLQH�RI�D�VHULDO�EXV�ZKHQ�QRW
LQ�XVH���,Q�SRLQW�WR�SRLQW�PRGH�WKH�SrlEnable�SLQ�LV�DOZD\V�DFWLYH��KLJK��

7KH�EDVLF�XQLW�RI�VHULDO�GDWD�WUDQVIHU��ERWK�WUDQVPLW�DQG�UHFHLYH��LV�WKH�E\WH���(DFK�E\WH�RI�GDWD
FRQVLVWV�RI�WKH�IROORZLQJ�SDUWV�

• 2QH�VWDUW�ELW

• (LJKW�GDWD�ELWV

• $Q�RSWLRQDO�HYHQ�RGG�SDULW\�ELW

• 2QH�RU�WZR�VWRS�ELWV

• $Q�H[WUD�ELW�ZKLFK�GLVWLQJXLVKHV�EHWZHHQ�DGGUHVV�E\WHV�DQG�GDWD�E\WHV��DGGUHVV�ELW�VW\OH�PXOWL�
GURS�PRGH�RQO\�
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����� &RPPDQG�IRUPDW

7KH�FRPPDQG�IRUPDW�XVHG�WR�FRPPXQLFDWH�EHWZHHQ�WKH�KRVW�DQG�FKLSVHW�FRQVLVWV�RI�D�FRPPDQG
SDFNHW�VHQW�E\�WKH�KRVW�SURFHVVRU�IROORZHG�E\�D�UHVSRQVH�SDFNHW�VHQW�E\�WKH�FKLSVHW�

&RPPDQG�SDFNHWV�VHQW�E\�WKH�KRVW�FRQWDLQ�WKH�IROORZLQJ�ILHOGV�

$GGUHVV 2QH�E\WH�LGHQWLI\LQJ�ZKLFK�&3�WKH�FRPPDQG�SDFNHW�LV�EHLQJ
VHQW�WR���7KLV�ILHOG�VKRXOG�DOZD\V�EH�]HUR�LQ�SRLQW�WR�SRLQW
PRGH�

&KHFNVXP 2QH�E\WH�YDOXH�XVHG�WR�YDOLGDWH�SDFNHW�GDWD���6HH�GHVFULSWLRQ
EHORZ�

,QVWUXFWLRQ�FRGH 7ZR�E\WH�LQVWUXFWLRQ��VHQW�XSSHU�E\WH��D[LV�QXPEHU��ILUVW�
7KH�FRPPDQG�FRGHV�DUH�WKH�VDPH�DV�XVHG�LQ�WKH�SDUDOOHO
FRPPXQLFDWLRQ�PRGH�

'DWD =HUR�WR�VL[�E\WHV�RI�GDWD��VHQW�PRVW�VLJQLILFDQW�E\WH�ILUVW���6HH
WKH�LQGLYLGXDO�FRPPDQG�GHVFULSWLRQV�IRU�GHWDLOV�RQ�ZKDW
GDWD�LV�UHTXLUHG�IRU�HDFK�FRPPDQG�

,Q�UHVSRQVH�WR�WKH�FRPPDQG�SDFNHW��WKH�FKLSVHW�ZLOO�UHVSRQG�ZLWK�D�SDFNHW�RI�WKH�IROORZLQJ�IRUPDW�

6WDWXV =HUR�LI�WKH�FRPPDQG�ZDV�FRPSOHWHG�FRUUHFWO\��RWKHUZLVH�DQ
HUURU�FRGH�VSHFLI\LQJ�WKH�QDWXUH�RI�WKH�HUURU�

&KHFNVXP $�RQH�E\WH�FKHFNVXP�YDOXH�XVHG�WR�YDOLGDWH�WKH�SDFNHW·V
LQWHJULW\���6HH�GHWDLOV�EHORZ�

'DWD =HUR�WR�VL[�E\WHV�RI�GDWD���1R�GDWD�ZLOO�EH�VHQW�LI�DQ�HUURU
RFFXUUHG�LQ�WKH�FRPPDQG��L�H��WKH�VWDWXV�E\WH�ZDV�QRQ�]HUR��
,I�QR�HUURU�RFFXUUHG��WKHQ�WKH�QXPEHU�RI�E\WHV�RI�GDWD
UHWXUQHG�ZRXOG�GHSHQG�RQ�ZKDW�FRPPDQG�KDG�WKH�&3�ZDV
UHVSRQGLQJ�WR���'DWD�LV�DOZD\V�VHQW�06%�ILUVW�

����� &KHFNVXPV

%RWK�FRPPDQG�DQG�UHVSRQVH�SDFNHWV�FRQWDLQ�D�FKHFNVXP�E\WH���7KH�FKHFNVXP�LV�XVHG�WR�GHWHFW
WUDQVPLVVLRQ�HUURUV��DQG�DOORZV�WKH�FKLSVHW�WR�LGHQWLI\�DQG�UHMHFW�SDFNHWV�ZKLFK�KDYH�EHHQ�FRUUXSWHG
GXULQJ�WUDQVPLVVLRQ�RU�ZKLFK�ZHUH�QRW�SURSHUO\�IRUPHG�

8QOLNH�WKH�SDUDOOHO�LQWHUIDFH��FKHFNVXPV�DUH�PDQGDWRU\�ZKHQ�XVLQJ�VHULDO�FRPPXQLFDWLRQV���$Q\
FRPPDQG�SDFNHWV�VHQW�WR�WKH�FKLSVHW�FRQWDLQLQJ�LQYDOLG�FKHFNVXPV�ZLOO�QRW�EH�SURFHVVHG�DQG�ZLOO
UHVXOW�LQ�D�GDWD�SDFNHW�EHLQJ�UHWXUQHG�FRQWDLQLQJ�DQ�HUURU�VWDWXV�FRGH�

7KH�VHULDO�FKHFNVXP�LV�FDOFXODWHG�E\�VXPPLQJ�DOO�E\WHV�LQ�WKH�SDFNHW��QRW�LQFOXGLQJ�WKH�FKHFNVXP�
DQG�QHJDWLQJ��L�H��WDNLQJ�WKH�WZR·V�FRPSOHPHQW�RI��WKH�UHVXOW���7KH�ORZHU�HLJKW�ELWV�RI�WKLV�YDOXH�DUH
XVHG�DV�WKH�FKHFNVXP���7R�FKHFN�IRU�D�YDOLG�FKHFNVXP��DOO�E\WHV�RI�D�SDFNHW�VKRXOG�EH�VXPPHG
�LQFOXGLQJ�WKH�FKHFNVXP�E\WH��DQG�LI�WKH�ORZHU�HLJKW�ELWV�RI�WKH�UHVXOW�DUH�]HUR�WKHQ�WKH�FKHFNVXP�LV
YDOLG�

)RU�H[DPSOH��LI�D�FRPPDQG�SDFNHW�LV�VHQW�WR�FKLSVHW�DGGUHVV����FRQWDLQLQJ�FRPPDQG�����K
�SetMotorCommand�IRU�D[LV����ZLWK�WKH�RQH�ZRUG�GDWD�YDOXH�����K��WKHQ�WKH�FKHFNVXP�ZLOO�EH
FDOFXODWHG�E\�VXPPLQJ�DOO�E\WHV�RI�WKH�FRPPDQG�SDFNHW����K�����K�����K�����K�����K� �&���DQG
QHJDWLQJ�WKLV�WR�ILQG�WKH�FKHFNVXP�YDOXH���)K����2Q�UHFHLSW��WKH�&3�ZLOO�VXP�DOO�E\WHV�RI�WKH�SDFNHW
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DQG�LI�WKH�ORZHU�HLJKW�ELWV�RI�WKH�UHVXOW�DUH�]HUR�WKHQ�LW�ZLOO�DFFHSW�WKH�SDFNHW����K����)K�����K��
��K�����K�����K� ����K��

����� 7UDQVPLVVLRQ�SURWRFROV

7KH�1DYLJDWRU�FKLSVHWV�VXSSRUW�WKH�DELOLW\�WR�KDYH�PRUH�WKDQ�RQH�FKLSVHW�RQ�D�VHULDO�
EXV
��WKHUHE\
DOORZLQJ�D�FKDLQ��RU�QHWZRUN�RI�FKLSVHWV�WR�FRPPXQLFDWH�RQ�WKH�VDPH�VHULDO�KDUGZDUH�VLJQDOV�

7KHUH�DUH�WKUHH�PHWKRGV�VXSSRUWHG�E\�WKH�VHULDO�SRUW�WR�UHVROYH�WLPLQJ�SUREOHPV��WUDQVPLVVLRQ
FRQIOLFWV��DQG�RWKHU�LVVXHV�WKDW�PD\�RFFXU�GXULQJ�VHULDO�RSHUDWLRQV��7KHVH�DUH�SRLQW�WR�SRLQW��XVHG
ZKHQ�WKHUH�LV�RQO\�RQH�GHYLFH�FRQQHFWHG�WR�WKH�VHULDO�SRUW���PXOWL�GURS�DGGUHVV�ELW�PRGH��XVHG�ZKHQ
WKHUH�DUH�PXOWLSOH�GHYLFHV�RQ�WKH�VHULDO�EXV���DQG�PXOWL�GURS�LGOH�OLQH�PRGH��DOVR�XVHG�ZKHQ�WKHUH�DUH
PXOWLSOH�GHYLFHV�RQ�WKH�VHULDO�EXV���7KH�QH[W�VHFWLRQV�GHVFULEH�WKHVH�WKUHH�WUDQVPLVVLRQ�SURWRFROV�

����� 3RLQW�WR�SRLQW�PRGH

3RLQW�WR�SRLQW�VHULDO�PRGH�LV�LQWHQGHG�WR�EH�XVHG�ZKHQ�WKHUH�LV�D�GLUHFW�VHULDO�FRQQHFWLRQ�EHWZHHQ
RQH�KRVW�DQG�RQH�FKLSVHW���,Q�WKLV�PRGH�WKH�DGGUHVV�E\WH�LV�QRW�XVHG�E\�WKH�&3��H[FHSW�LQ�WKH
FDOFXODWLRQ�RI�WKH�FKHFNVXP���DQG�WKH�FKLSVHW�UHVSRQGV�WR�DOO�FRPPDQGV�VHQW�E\�WKH�KRVW�

:KHQ�LQ�SRLQW�WR�SRLQW�PRGH�WKHUH�DUH�QR�WLPLQJ�UHTXLUHPHQWV�RQ�WKH�GDWD�WUDQVPLWWHG�ZLWKLQ�D
SDFNHW���7KH�DPRXQW�RI�GDWD�FRQWDLQHG�LQ�D�FRPPDQG�SDFNHW�LV�GHWHUPLQHG�E\�WKH�FRPPDQG�FRGH�LQ
WKH�SDFNHW���(DFK�FRPPDQG�FRGH�KDV�D�VSHFLILF�DPRXQW�RI�GDWD�DVVRFLDWHG�ZLWK�LW���:KHQ�WKH�&3
UHFHLYHV�D�FRPPDQG�FRGH�LW�ZDLWV�IRU�DOO�GDWD�E\WHV�WR�EH�UHFHLYHG�EHIRUH�SURFHVVLQJ�WKH�FRPPDQG�
7KH�DPRXQW�RI�GDWD�UHWXUQHG�IURP�DQ\�FRPPDQG�LV�DOVR�GHWHUPLQHG�E\�WKH�FRPPDQG�FRGH���$IWHU
SURFHVVLQJ�D�FRPPDQG�WKH�FKLSVHW�ZLOO�UHWXUQ�D�GDWD�SDFNHW�RI�WKH�QHFHVVDU\�OHQJWK�

:KHQ�UXQQLQJ�LQ�SRLQW�WR�SRLQW�PRGH�WKHUH�LV�QR�GLUHFW�ZD\�IRU�WKH�FKLSVHW�WR�GLVWLQJXLVK�WKH
EHJLQQLQJ�RI�D�QHZ�FRPPDQG�SDFNHW��H[FHSW�E\�FRQWH[W���,W�LV�WKHUHIRUH�LPSRUWDQW�IRU�WKH�KRVW�WR
UHPDLQ�V\QFKURQL]HG�ZLWK�WKH�FKLSVHW�ZKHQ�VHQGLQJ�DQG�UHFHLYLQJ�GDWD���7R�HQVXUH�WKDW�WKH
SURFHVVRUV�VWD\�LQ�V\QFKURQL]DWLRQ�LW�LV�UHFRPPHQGHG�WKDW�WKH�KRVW�SURFHVVRU�LPSOHPHQW�D�WLPH�OLPLW
ZKHQ�ZDLWLQJ�IRU�GDWD�SDFNHWV�WR�EH�VHQW�E\�WKH�FKLSVHW���7KH�PLQLPXP�WLPHRXW�SHULRG�VXJJHVWHG�LV
WKH�DPRXQW�RI�WLPH�UHTXLUHG�WR�VHQG�RQH�E\WH�DW�WKH�VHOHFWHG�EDXG�UDWH�SOXV�RQH�PLOOLVHFRQG���)RU
H[DPSOH��DW������EDXG�HDFK�ELW�WDNHV��������VHFRQGV�WR�WUDQVIHU��DQG�D�W\SLFDO�E\WH�FRQVLVWV�RI���GDWD
ELWV����VWDUW�ELW��DQG���VWRS�ELW���7KHUHIRUH��RQH�E\WH�WDNHV�MXVW�RYHU���PLOOLVHFRQG��DQG�WKH
UHFRPPHQGHG�PLQLPXP�WLPHRXW�LV���PLOOLVHFRQGV�

,I�WKH�WLPHRXW�SHULRG�HODSVHV�EHWZHHQ�E\WHV�RI�UHFHLYH�GDWD�ZKLOH�WKH�KRVW�LV�ZDLWLQJ�RQ�D�GDWD�SDFNHW�
WKHQ�WKH�KRVW�VKRXOG�DVVXPH�WKDW�LW�LV�RXW�RI�V\QFKURQL]DWLRQ�ZLWK�WKH�FKLSVHW���7R�UHV\QFKURQL]H��WKH
KRVW�VKRXOG�VHQG�D�E\WH�FRQWDLQLQJ�]HUR�GDWD�DQG�ZDLW�IRU�D�GDWD�SDFNHW�WR�EH�UHFHLYHG���7KLV�SURFHVV
VKRXOG�EH�UHSHDWHG�XQWLO�D�GDWD�SDFNHW�LV�UHFHLYHG�IURP�WKH�FKLSVHW��DW�ZKLFK�SRLQW�WKH�WZR�SURFHVVRUV
ZLOO�EH�V\QFKURQL]HG�

����� 0XOWL�GURS�SURWRFROV

7ZR�PXOWL�GURS�VHULDO�SURWRFROV�DUH�VXSSRUWHG�E\�WKH�FKLSVHW���0XOWL�GURS�PRGHV�DUH�LQWHQGHG�WR�EH
XVHG�RQ�D�VHULDO�EXV�LQ�ZKLFK�D�VLQJOH�KRVW�SURFHVVRU�FRPPXQLFDWHV�ZLWK�PXOWLSOH�FKLSVHWV��RU�RWKHU
VXERUGLQDWH�GHYLFHV����,Q�WKLV�PRGH�WKH�DGGUHVV�E\WH�ZKLFK�VWDUWV�D�FRPPDQG�SDFNHW�LV�XVHG�WR
LQGLFDWH�ZKLFK�GHYLFH�WKH�SDFNHW�LV�LQWHQGHG�IRU���2QO\�WKH�DGGUHVVHG�GHYLFH�ZLOO�UHVSRQG�WR�WKH
SDFNHW���7KHUHIRUH��LW�LV�LPSRUWDQW�WR�SURSHUO\�VHWXS�WKH�FKLSVHW�DGGUHVV��XVLQJ�WKH�VHULDO�FRQILJXUDWLRQ
ZRUG�GHVFULEHG�DERYH���DQG�WR�LQFOXGH�WKLV�DGGUHVV�DV�WKH�ILUVW�E\WH�RI�DQ\�FRPPDQG�SDFNHW�GHVWLQHG
IRU�WKH�FKLSVHW�

%HFDXVH�WKH�DGGUHVV�WKDW�VWDUWV�D�FRPPDQG�SDFNHW�LV�XVHG�WR�HQDEOH�RU�GLVDEOH�WKH�UHVSRQVH�IURP�D
FKLSVHW�LQ�PXOWL�GURS�PRGH��WKH�PXOWL�GURS�SURWRFROV�PXVW�LQFOXGH�D�PHWKRG�WR�DYRLG�ORVLQJ
V\QFKURQL]DWLRQ�EHWZHHQ�WKH�KRVW�DQG�WKH�FKLSVHW�V��EHFDXVH�LW�ZRXOG�EH�GLIILFXOW�WR�UHJDLQ
V\QFKURQL]DWLRQ�LQ�WKLV�HQYLURQPHQW���7KH�WZR�PXOWL�GURS�SURWRFROV�GLIIHU�LQ�WKH�PHWKRGV�WKH\�XVH�WR
FRQWURO�SDFNHW�V\QFKURQL]DWLRQ�
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1RWH�WKDW�WKH�PXOWL�GURS�SURWRFROV�PD\�DOVR�EH�XVHG�ZKHQ�WKH�KRVW�DQG�FKLSVHW�DUH�ZLUHG�LQ�D�SRLQW�
WR�SRLQW�FRQILJXUDWLRQ�DV�ORQJ�DV�WKH�KRVW�DOZD\V�WUDQVPLWV�WKH�FRUUHFW�DGGUHVV�E\WH�DW�WKH�VWDUW�RI�D
SDFNHW��DQG�IROORZV�DQ\�DGGLWLRQDO�UXOHV�GHWDLOHG�EHORZ�IRU�WKH�VHOHFWHG�SURWRFRO���7KLV�PRGH�RI
RSHUDWLRQ�DOORZV�WKH�KRVW�WR�EH�VXUH�WKDW�LW�ZLOO�UHPDLQ�V\QFKURQL]HG�ZLWK�WKH�FKLSVHW�ZLWKRXW
LPSOHPHQWLQJ�WKH�WLPHRXW�DQG�UH�V\QFK�SURFHGXUH�RXWOLQHG�DERYH�

����� ,GOH�OLQH�PRGH

:KHQ�WKH�LGOH�OLQH�SURWRFRO�LV�XVHG��WKH�FKLSVHW�LPSRVHV�WLJKW�WLPLQJ�UHTXLUHPHQWV�RQ�WKH�GDWD�VHQW�DV
SDUW�RI�D�FRPPDQG�SDFNHW���,Q�WKLV�PRGH��WKH�FKLSVHW�ZLOO�LQWHUSUHW�WKH�ILUVW�E\WH�UHFHLYHG�DIWHU�DQ�LGOH
SHULRG�DV�WKH�VWDUW�RI�D�QHZ�SDFNHW���$Q\�GDWD�DOUHDG\�UHFHLYHG�ZLOO�EH�GLVFDUGHG�

7KH�WLPHRXW�SHULRG�LV�HTXDO�WR�WKH�WLPH�UHTXLUHG�WR�VHQG�WHQ�ELWV�RI�VHULDO�GDWD�DW�WKH�FRQILJXUHG�EDXG
UDWH��URXJKO\���PLOOLVHFRQG�DW������EDXG�IRU�H[DPSOH����,I�D�GHOD\�RI�WKLV�OHQJWK�RFFXUV�EHWZHHQ�E\WHV
RI�D�FRPPDQG�SDFNHW�WKHQ�WKH�E\WHV�DOUHDG\�UHFHLYHG�ZLOO�EH�GLVFDUGHG��DQG�WKH�ILUVW�FKDUDFWHU
UHFHLYHG�DIWHU�WKH�GHOD\�ZLOO�EH�LQWHUSUHWHG�DV�WKH�DGGUHVV�E\WH�RI�D�QHZ�SDFNHW�

����� $GGUHVV�ELW�PRGH

:KHQ�WKH�DGGUHVV�ELW�SURWRFRO�LV�XVHG��HDFK�E\WH�RI�GDWD�WUDQVPLWWHG�RU�UHFHLYHG�E\�WKH�FKLSVHW
FRQWDLQV�DQ�H[WUD�ELW�RI�GDWD��MXVW�DIWHU�WKH�ODVW�GDWD�ELW����7KLV�ELW�LV�XVHG�WR�LGHQWLI\�WKH�DGGUHVV�E\WH
RI�D�SDFNHW���$Q\�E\WH�UHFHLYHG�E\�WKH�FKLSVHW�ZKLFK�KDV�WKLV�ELW�VHW�ZLOO�EH�LQWHUSUHWHG�DV�WKH�VWDUW�RI
D�QHZ�FRPPDQG�SDFNHW���,I�WKH�FKLSVHW�ZDV�LQ�WKH�SURFHVV�RI�UHFHLYLQJ�GDWD�IURP�DQ�HDUOLHU�FRPPDQG
SDFNHW�WKHQ�WKDW�GDWD�ZLOO�EH�GLVFDUGHG�
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�� 8VLQJ�([WHUQDO�0HPRU\

���� 0HPRU\�FRQILJXUDWLRQ

7KH�1DYLJDWRU�FKLSVHW�LV�FDSDEOH�RI�DFFHVVLQJ�H[WHUQDO�PHPRU\�XVHG�WR�VWRUH�WUDFH�GDWD���,Q�DGGLWLRQ
LW�LV�SRVVLEOH�WR�DFFHVV�WKH�H[WHUQDO�PHPRU\�LQGHSHQGHQW�RI�WKH�WUDFH�IXQFWLRQ��WKHUHE\�DOORZLQJ�LW�WR
EH�XVHG�IRU�JHQHULF�VWRUDJH�VXFK�DV�IRU�SURGXFW�FRQILJXUDWLRQ�LQIRUPDWLRQ�

,I�H[WHUQDO�5$0�LV�SUHVHQW��LW�PXVW�EH�FRQILJXUHG�ZLWK�D�ZLGWK�RI����ELWV��$Q\�VL]H�RI�5$0�PD\�EH
VXSSRUWHG�IURP��.�DQG�XS�DOWKRXJK�WKH�ILUVW������ZRUGV�RI�H[WHUQDO�PHPRU\�DUH�DOZD\V�UHVHUYHG�IRU
WKH�XVH�RI�WKH�FKLSVHW��7KH�WRWDO�H[WHUQDO�PHPRU\�DYDLODEOH�IRU�IXQFWLRQV�VXFK�DV�WUDFH�PXVW�WKHUHIRUH
EH�FDOFXODWHG�DFFRUGLQJO\�

7KH�FKLSVHW�DGGUHVV�DQG�GDWD�EXVVHV�DUH�XVHG�WR�LQWHUIDFH�WR�WKH�H[WHUQDO�PHPRU\���7KH�FKLSVHW�XVHV
���DGGUHVV�OLQHV�IRU�H[WHUQDO�PHPRU\�RSHUDWLRQ�WKDW�DOORZ�LW�WR�GLUHFWO\�DFFHVV�XS�WR���.�ZRUGV�RI
PHPRU\���7R�DOORZ�D�JUHDWHU�DGGUHVVDEOH�VSDFH��WKH�&3�DOVR�PDNHV�XVH�RI�D�PHPRU\�SDJH�VHOHFWRU
�PDSSHG�LQWR�SHULSKHUDO�DGGUHVV�VSDFH�DW�ORFDWLRQ�����K��ZKLFK�DOORZV�XS�WR���.�SDJHV�WR�EH
DFFHVVHG���7KLV�LQFUHDVHV�WKH�PD[LPXP�DGGUHVVDEOH�PHPRU\�VSDFH�WR������0�ZRUGV���������������
ZRUGV��HDFK����ELWV�ZLGH��

7KLV�PHPRU\�RUJDQL]DWLRQ�JLYHV�WKH�GHVLJQHU�VHYHUDO�RSWLRQV�DV�WR�WKH�OHYHO�RI�VXSSRUW�SURYLGHG�WR
WKLV�IHDWXUH�

0HPRU\�VL]H 1RWHV

1RQH 7KH�H[WHUQDO�PHPRU\�VSDFH�LV�RSWLRQDO���'LDJQRVWLF�WUDFH�DQG�RWKHU
IHDWXUHV�WKDW�PDNH�XVH�RI�WKH�H[WHUQDO�PHPRU\�VSDFH�FDQ�QRW�EH�XVHG�

�.�WR���. 7KH�ILUVW��.�������ZRUGV��DUH�UHVHUYHG�E\�WKH�&3�

$OO�PHPRU\�ILWV�LQWR�WKH�ILUVW�SDJH��VR�WKHUH�LV�QR�QHHG�WR�GHFRGH�ZULWHV�WR
WKH�H[WHUQDO�SDJH�SRLQWHU�

0RUH�WKHQ���. $Q�H[WHUQDO�SDJH�SRLQWHU�PXVW�EH�XVHG���7KH�ILUVW��.�ZRUGV�RI�SDJH�]HUR
DUH�UHVHUYHG�IRU�XVH�E\�WKH�&3�

������ 0HPRU\�SDJH�SRLQWHU

,I�D�PHPRU\�DGGUHVV�VSDFH�RI�PRUH�WKHQ���.�ZRUGV�LV�GHVLUHG��WKHQ�DQ�H[WHUQDO�SDJH�UHJLVWHU�PXVW�EH
VXSSRUWHG�

%HIRUH�WKH�&3�ZULWHV�WR�H[WHUQDO�PHPRU\�VSDFH��LW�ZULWHV�D����ELW�SDJH�QXPEHU�WR�SHULSKHUDO�DGGUHVV
ORFDWLRQ�����K��VHH�VHFWLRQ�����IRU�PRUH�GHWDLOV�RQ�SHULSKHUDO�,�2����7KLV�YDOXH�VKRXOG�EH�ODWFKHG�DQG
XVHG�DV�WKH�XSSHU����ELWV�RI�WKH����ELW�
WUXH
�PHPRU\�DGGUHVV�

7KH�FKLSVHW�ZLOO�QHYHU�DWWHPSW�WR�UHDG�IURP�WKLV�SDJH�QXPEHU�UHJLVWHU��VR�WKHUH�LV�QR�QHHG�WR�SURYLGH
VXSSRUW�IRU�UHDGV���$OWKRXJK�WKH�YDOXH�ZULWWHQ�E\�WKH�FKLSVHW�LV����ELWV��LW�LV�QRW�QHFHVVDU\�WR�ODWFK�DQ\
ELWV�WKDW�ZLOO�QRW�EH�XVHG��)RU�H[DPSOH��LI����.�ZRUGV�RI�PHPRU\�PDSSHG�WR�WKH�SK\VLFDO�DGGUHVVHV
��²��))))K��WKHQ���SDJHV�RI�PHPRU\����[���.� ����.��ZLOO�EH�QHHGHG���7KLV�FRUUHVSRQGV�WR�WKH�ORZ
WZR�ELWV�RI�WKH�SDJH�UHJLVWHU���:KHQ�WKH�&3�ZULWHV�D����ELW�YDOXH�WR�SHULSKHUDO�DGGUHVV�����K�WKH
ORZHVW�WZR�ELWV�VKRXOG�EH�ODWFKHG�DQG�XVHG�DV�DGGUHVV�ELWV����DQG����ZKHQ�DFFHVVLQJ�H[WHUQDO
PHPRU\���7KH�XSSHU����ELWV�RI�WKH�SDJH�UHJLVWHU�YDOXH�QHHG�QRW�EH�VDYHG�VLQFH�WKH\�ZLOO�QRW�EH�XVHG�

������ ([WHUQDO�PHPRU\�VLJQDO�GHFRGLQJ

7KH�1DYLJDWRU�FKLSVHWV�VXSSRUW�DQ�H[WHUQDO�5$0�PHPRU\�EXV�WR�UHDG�DQG�ZULWH�WR�H[WHUQDO�PHPRU\�
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7KH�EXV�FRQVLVWV�RI���FRQWURO�VLJQDOV��~RAMSlct, ~Strobe, W/~R, R/~W,�DQG�aWriteEnbl��,Q�DGGLWLRQ�WKHUH�DUH
���DGGUHVV�OLQHV��$GGU��$GGU����DQG����GDWD�OLQHV��'DWD��'DWD����

������ ([WHUQDO�PHPRU\�UHDG

7R�SHUIRUP�DQ�H[WHUQDO�PHPRU\�UHDG�WKH�FKLSVHW�ILUVW�ORDGV�WKH�PHPRU\�SDJH�SRLQWHU�XVLQJ�WKH
SHULSKHUDO�EXV�DV�GHVFULEHG�DERYH��7KHQ�WR�SHUIRUP�WKH�UHDG�WKH�FKLSVHW�ZLOO�GULYH�WR�D�ORZ�OHYHO�WKH
aRAMSlct�VLJQDO��WKH�a6WUREH�VLJQDO��DQG�WKH�:�a5�VLJQDO��,Q�DGGLWLRQ�WKH�FKLSVHW�ZLOO�GULYH�WKH
DGGUHVV�EXV�KLJK�RU�ORZ�EDVHG�RQ�WKH�VSHFLILF�PHPRU\�EHLQJ�IHWFKHG�

$IWHU�WKH�1DYLJDWRU�DVVHUWV�WKHVH�VLJQDOV�LW�LV�H[SHFWHG�WKDW�WKH�XVHU
V�SHULSKHUDO�FLUFXLWU\�ZLOO�DVVHUW
WKH�UHTXHVWHG�GDWD�RQWR�WKH�FKLSVHW
V�GDWD�EXV�GDWD�����

7KH�VSHFLILF�WLPLQJ�IRU�WKH�([WHUQDO�PHPRU\�UHDG�IXQFWLRQ�LV�GHWDLOHG�LQ�WKH�1DYLJDWRU
7HFKQLFDO�6SHFLILFDWLRQV�IRU�\RXU�FKLSVHW�

������ ([WHUQDO�PHPRU\�ZULWH

7R�SHUIRUP�DQ�H[WHUQDO�PHPRU\�ZULWH�WKH�FKLSVHW�ILUVW�ORDGV�WKH�PHPRU\�SDJH�SRLQWHU�XVLQJ�WKH
SHULSKHUDO�EXV�GHVFULEHG�DERYH��7KHQ�WR�SHUIRUP�D�ZULWH�WKH�FKLSVHW�ZLOO�GULYH�WR�D�ORZ�OHYHO�WKH
aRAMSlct�VLJQDO��WKH�a6WUREH�VLJQDO��WKH�5�a:�VLJQDO��DQG�WKH�a:ULWH(QEO�VLJQDO��,Q�DGGLWLRQ�WKH
FKLSVHW�ZLOO�GULYH�WKH�DGGUHVV�EXV�KLJK�RU�ORZ�EDVHG�RQ�WKH�VSHFLILF�PHPRU\�EHLQJ�ZULWWHQ�WR�DQG�LW
ZLOO�DOVR�DVVHUW�WKH�GDWD�ZRUG�RQ�WR�WKH�GDWD�EXV�IRU�WKH�YDOXH�EHLQJ�ZULWWHQ�E\�WKH�FKLSVHW�

$IWHU�WKH�1DYLJDWRU�DVVHUWV�WKHVH�VLJQDOV�LW�LV�H[SHFWHG�WKDW�WKH�XVHU
V�SHULSKHUDO�FLUFXLWU\�ZLOO�UHDG�LQ
DQG�VWRUH�WKH�GDWD�ZULWWHQ�E\�WKH�FKLSVHW�

7KH�VSHFLILF�WLPLQJ�IRU�WKH�([WHUQDO�PHPRU\�ZULWH�IXQFWLRQ�LV�GHWDLOHG�LQ�WKH�1DYLJDWRU
7HFKQLFDO�6SHFLILFDWLRQ�PDQXDO�

������ ([WHUQDO�PHPRU\�EXIIHUV

7KH�1DYLJDWRU�FKLSVHW�SURYLGHV�D�QXPEHU�RI�FRPPDQGV�WKDW�PD\�EH�XVHG�WR�DFFHVV�WKH�H[WHUQDO
PHPRU\�VSDFH���7KURXJK�WKHVH�FRPPDQGV��XS�WR����PHPRU\�EXIIHUV�PD\�EH�GHILQHG���$�EXIIHU
GHVFULEHV�D�FRQWLJXRXV�EORFN�RI�PHPRU\�E\�GHILQLQJ�D�EDVH�DGGUHVV�IRU�WKH�EORFN��DQG�D�EORFN�OHQJWK�
2QFH�D�EXIIHU·V�EDVH�DGGUHVV�DQG�OHQJWK�KDYH�EHHQ�GHILQHG��GDWD�YDOXHV�PD\�EH�ZULWWHQ�WR�DQG�UHDG
EDFN�IURP�WKH�EXIIHU�

:KHQ�GHILQLQJ�PHPRU\�EXIIHUV��WKH�H[WHUQDO�PHPRU\�VSDFH�LV�WUHDWHG�DV�D�VHTXHQFH�RI����ELW
PHPRU\�ORFDWLRQV���(DFK����ELW�YDOXH�WDNHV�XS�WZR����ELW�PHPRU\�ORFDWLRQV�LQ�SK\VLFDO�PHPRU\�
%XIIHU�EDVH�DGGUHVVHV�DQG�OHQJWKV�ERWK�GHDO�ZLWK����ELW�TXDQWLWLHV��DQG�WKHUHIRUH�PXVW�EH�GRXEOHG�WR
JHW�WKH�FRUUHVSRQGLQJ�SK\VLFDO�DGGUHVVHV�

:KHQ�GHILQLQJ�PHPRU\�EXIIHUV��WKH�FKLSVHW�ZLOO�DOORZ�DQ\�YDOXHV�WR�EH�XVHG�IRU�WKH�EDVH�DGGUHVV�DQG
OHQJWK�DV�ORQJ�DV�WKRVH�YDOXHV�UHVXOW�LQ�OHJDO�DGGUHVVHV���/HJDO�PHPRU\�DGGUHVVHV�UDQJH�IURP����K
�FRUUHVSRQGLQJ�WR�SK\VLFDO�ORFDWLRQ����K�WKDW�IDOOV�MXVW�DIWHU�WKH��.�UHVHUYHG�EORFN��WR��)))))))K
�FRUUHVSRQGLQJ�WR�SK\VLFDO�DGGUHVV��))))))(K����8QOHVV�WKH�IXOO�WZR�*LJDZRUGV�RI�SK\VLFDO
PHPRU\�DUH�SUHVHQW��LW�LV�SRVVLEOH�WR�PDS�D�EXIIHU�WR�D�PHPRU\�ORFDWLRQ�WKDW�GRHV�QRW�FRQWDLQ
SK\VLFDO�PHPRU\���$FFHVVLQJ�VXFK�D�PHPRU\�ORFDWLRQ�ZLOO�UHVXOW�LQ�XQSUHGLFWDEOH�EHKDYLRU�
DQG�VKRXOG�EH�DYRLGHG�

,Q�DGGLWLRQ�WR�WKH�EDVH�DGGUHVV�DQG�OHQJWK��HDFK�PHPRU\�EORFN�PDLQWDLQV�D�UHDG�LQGH[�DQG�D�ZULWH�LQGH[�
7KH�UHDG�LQGH[�PD\�EH�DVVLJQHG�D�YDOXH�EHWZHHQ���DQG�/����ZKHUH�/�LV�WKH�EXIIHU�OHQJWK����,W�GHILQHV
WKH�ORFDWLRQ�IURP�ZKLFK�WKH�QH[W�YDOXH�ZLOO�EH�UHDG���6LPLODUO\��WKH�ZULWH�LQGH[�UDQJHV�IURP���WR�/��
DQG�GHILQHV�WKH�ORFDWLRQ�DW�ZKLFK�WKH�QH[W�YDOXH�ZLOO�EH�ZULWWHQ���:KHQ�D�YDOXH�LV�UHDG�IURP�WKH
PHPRU\�EXIIHU�WKH�UHDG�LQGH[�LV�DXWRPDWLFDOO\�LQFUHPHQWHG��WKHUHE\�VHOHFWLQJ�WKH�QH[W�YDOXH�IRU
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UHDGLQJ���7KH�ZULWH�LQGH[�LV�LQFUHPHQWHG�ZKHQHYHU�D�YDOXH�LV�ZULWWHQ�WR�D�EXIIHU���,I�HLWKHU�LQGH[
UHDFKHV�WKH�HQG�RI�WKH�EXIIHU��LW�LV�DXWRPDWLFDOO\�UHVHW�WR���RQ�WKH�QH[W�UHDG�ZULWH�RSHUDWLRQ�

������ ([WHUQDO�PHPRU\�FRPPDQGV

7KLV�VHFWLRQ�GHWDLOV�KRVW�,�2�FRPPDQGV�ZKLFK�VHWXS��DFFHVV��DQG�PRQLWRU�WKH�H[WHUQDO�PHPRU\�

SetBufferStart bufferID, address

6HWV�WKH�EDVH�DGGUHVV�RI�D�EXIIHU��bufferID�LV�D����ELW�LQWHJHU�LQ�WKH�UDQJH��²���ZKLFK�VSHFLILHV
ZKLFK�EXIIHU�WR�PRGLI\��address�LV�D����ELW�LQWHJHU�LQ�WKH�UDQJH����K�WR��)))))))K�ZKLFK
GHILQHV�WKH�QHZ�EDVH�DGGUHVV�RI�WKH�EXIIHU�

7KH�FKLSVHW�DGGV�address�WR�WKH�FXUUHQW�EXIIHU�OHQJWK��DV�VHW�E\�WKH�SetBufferLength
LQVWUXFWLRQ��WR�EH�VXUH�WKDW�WKH�EXIIHU�ZLOO�QRW�H[WHQG�EH\RQG�WKH�DGGUHVVDEOH�PHPRU\�OLPLW���,I�LW
ZRXOG�H[WHQG�EH\RQG�WKH�OLPLW��WKH�LQVWUXFWLRQ�LV�LJQRUHG�DQG�WKH�LQVWUXFWLRQ�HUURU�ELW�LV�VHW�

GetBufferStart bufferID

5HWXUQV�WKH�EDVH�DGGUHVV�RI�WKH�VSHFLILHG�EXIIHU�

SetBufferLength, bufferID, length

6HWV�WKH�OHQJWK�RI�D�EXIIHU��bufferID�LV�D����ELW�LQWHJHU�LQ�WKH�UDQJH��²����length�LV�D����ELW�LQWHJHU
LQ�WKH�UDQJH���WR��)))))))K�

7KH�FKLSVHW�DGGV�length�WR�WKH�FXUUHQW�EXIIHU�EDVH�DGGUHVV��DV�VHW�E\�WKH�SetBufferStart
LQVWUXFWLRQ��WR�EH�VXUH�WKDW�WKH�EXIIHU�ZLOO�QRW�H[WHQG�EH\RQG�WKH�DGGUHVVDEOH�PHPRU\�OLPLW��,I�LW
ZRXOG��WKH�LQVWUXFWLRQ�LV�LJQRUHG�DQG�WKH�LQVWUXFWLRQ�HUURU�ELW�LV�VHW�

127(��SetBufferStart�DQG�SetBufferLength UHVHW�WKH�EXIIHU�LQGH[HV�WR�]HUR�

GetBufferLength bufferID

5HWXUQV�WKH�OHQJWK�RI�WKH�VSHFLILHG�EXIIHU�

SetBufferReadIndex bufferID, index

6HWV�WKH�UHDG�LQGH[�IRU�WKH�VSHFLILHG�EXIIHU��index�LV�D����ELW�LQWHJHU�LQ�WKH�UDQJH���WR�length���
ZKHUH�length�LV�WKH�FXUUHQW�EXIIHU�OHQJWK��,I�index�LV�QRW�LQ�WKLV�UDQJH��LW�LV�QRW�VHW��DQG�DQ
LQVWUXFWLRQ�HUURU�LV�JHQHUDWHG�

GetBufferReadIndex bufferID

5HWXUQV�WKH�YDOXH�RI�WKH�UHDG�LQGH[�IRU�WKH�VSHFLILHG�EXIIHU�

SetBufferWriteIndex bufferID, index

6HWV�WKH�ZULWH�LQGH[�IRU�WKH�VSHFLILHG�EXIIHU��index�LV�D����ELW�LQWHJHU�LQ�WKH�UDQJH���WR�length���
ZKHUH�length�LV�WKH�FXUUHQW�EXIIHU�OHQJWK��,I�index�LV�QRW�LQ�WKLV�UDQJH��LW�LV�QRW�VHW��DQG�DQ
LQVWUXFWLRQ�HUURU�LV�JHQHUDWHG�

GetBufferWriteIndex bufferID

5HWXUQV�WKH�YDOXH�RI�WKH�ZULWH�LQGH[�IRU�WKH�VSHFLILHG�EXIIHU�

ReadBuffer bufferID

5HWXUQV�D����ELW�YDOXH�IURP�WKH�VSHFLILHG�EXIIHU��7KH�ORFDWLRQ�IURP�ZKLFK�WKH�YDOXH�LV�UHDG�LV
GHWHUPLQHG�E\�DGGLQJ�WKH�EDVH�DGGUHVV�WR�WKH�UHDG�LQGH[��$IWHU�WKH�YDOXH�KDV�EHHQ�UHDG��WKH�UHDG
LQGH[�LV�LQFUHPHQWHG��,I�WKH�UHVXOW�LV�HTXDO�WR�WKH�FXUUHQW�EXIIHU�OHQJWK��WKH�UHDG�LQGH[�LV�VHW�WR
]HUR�
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WriteBuffer bufferID, value

:ULWHV�D����ELW�YDOXH�WR�WKH�VSHFLILHG�EXIIHU��7KH�ORFDWLRQ�WR�ZKLFK�WKH�YDOXH�LV�ZULWWHQ�LV�GHWHUPLQHG
E\�DGGLQJ�WKH�EDVH�DGGUHVV�WR�WKH�ZULWH�LQGH[��$IWHU�WKH�YDOXH�KDV�EHHQ�ZULWWHQ��WKH�ZULWH�LQGH[�LV
LQFUHPHQWHG��,I�WKH�UHVXOW�LV�HTXDO�WR�WKH�FXUUHQW�EXIIHU�OHQJWK��WKH�ZULWH�LQGH[�LV�VHW�WR�]HUR�

�����

)RU�DGGLWLRQDO�LQIRUPDWLRQ��RU�IRU�WHFKQLFDO�DVVLVWDQFH��SOHDVH�FRQWDFW�30'�DW����������������
<RX�FDQ�DOVR�HPDLO�\RXU�UHTXHVW�WR�DSSV#SPGFRUS�FRP���9LVLW�RXU�ZHEVLWH�DW

ZZZ�SPGFRUS�FRP�


