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��� 3OD\LQJ�VRFFHU�ZLWK�$OLFH

6RFFHU� LV�FHUWDLQO\�RQH�RI�WKH�ZLGHVW�VSUHDG�VSRUWV� LQ�WKH�ZRUOG��%XW� LW� LV�QRW� MXVW�D
VSRUW�� LW� LV� D� JDPH� DV� ZHOO�� $QG� LW� LV� YHU\� VLPSOH�� 6RFFHU� FDQ� EH� SOD\HG� QHDUO\
HYHU\ZKHUH��$�JRDO�LV�HDVLO\�PDGH�ZLWK�WZR�REMHFWV�RI�DQ\�NLQG��DQG�DQ�ROG�EHYHUDJH
WLQ�FDQ�VHUYH�DV�EDOO��,I�D�6RFFHU�:RUOG�&XS�WDNHV�SODFH�HYHU\�IRXU�\HDUV��WKLV� LV�DQ
HYHQW� WKURXJKRXW� WKH�ZRUOG�� DQG� WHDPV� IURP�DQ\� FRXQWU\� \RX� FRXOG� LPDJLQH�� WDNH
SDUW�

,Q� WKH� ODVW� GHFDGH�� VRFFHU� KDV� EHHQ� WDNHQ� WR� DQRWKHU� GLPHQVLRQ�� ,W� LV� QRZ� EHLQJ
SOD\HG�E\�URERWV��DQG�WKHUH�DUH�HYHQ�:RUOG�&XSV�RUJDQL]HG�IRU�URERW�VRFFHU��%XW�LW�LV
VWLOO�WKH�SHRSOH�ZKR�DUH�SDVVLRQDWH�WR�PDNH�WKH�URERWV�PRYH�DQG�VFRUH��7KHVH�URERWV
KDYH�GLPHQVLRQV� RI� DERXW� ��� WR� ��� FP�� 7HFKQRORJ\� KDV� EHHQ� SXW� WRJHWKHU�ZLWK� D
YHU\�VLPSOH�JDPH��7KH�VDPH�UXOHV�QRZ�VHUYH�WR�SOD\�WKH�JDPH�RQ�D�GLIIHUHQW�OHYHO�
3URJUDPPLQJ�KDV�EHFRPH�WKH�WRRO��LQVWHDG�RI�SK\VLFDO�HIIRUW��%XW�DV�LQ�WKH�LQLWLDO
JDPH��LW�ZLOO�EH�WKH�FOHYHU�SOD\HU��ZKR�VFRUHV�WKH�JRDO�

:H�ZDQWHG�WR�JR�D�VWHS�IXUWKHU�DQG�PLQLDWXUL]H�WKH�JDPH�RQFH�PRUH ��ZLWK
HYHQ� VPDOOHU� URERWV�� )LUVW� RI� DOO�� WKLV� LV� D� WHFKQRORJLFDO� FKDOOHQJH�� %XW� HYHQ� PRUH
LPSRUWDQW�� WKLV�ZLOO� DOORZ� WR�FRPELQH�VRFFHU�ZLWK�DQRWKHU� LPSRUWDQW�GRPDLQ�
HGXFDWLRQ��:LWK�WKLV�QHZ�V\VWHP�LW�ZLOO�EH�SRVVLEOH�WR�SOD\�VRFFHU�RQ�D�ILHOG��WKH
VL]H�RI�DQ�$�� VKHHW�� 7KH� OLJKWQHVV� RI� WKH� URERWV� DQG� WKH�ZKROH� V\VWHP� LV� D� ELJ
DGYDQWDJH��7KXV��D�KDQG\�URERW�VRFFHU�NLW�FDQ�EH�RIIHUHG�WR�VFKRROV�WR�WHDFK�WKH
SXSLOV�LQ�SURJUDPPLQJ�

7KH�XVHG�URERW�LV�FDOOHG�$OLFH�DQG�KDV�EHHQ�GHYHORSHG�DW�WKH�(3)/��7R�ILW�WKH�VL]H�RI
WKH�ILHOG��WKHUH�ZLOO�EH�WKUHH�URERWV�SHU�WHDP��WKDW�LV�WRWDOO\���URERWV�RQ�D�$��VKHHW�

7KH� FRPELQDWLRQ� RI� D� VLPSOH� JDPH�� WHFKQRORJ\� DQG� HGXFDWLRQ� LV� WKH� PDLQ
DFKLHYHPHQW� RI� WKLV� SURMHFW�� 7KHUHIRUH� LW� LV� YHU\� VXLWDEOH� WR� EH� SUHVHQWHG� DW
H[KLELWLRQV��,W�LV�SODQQHG�WR�VXJJHVW�WKLV�URERW�VRFFHU�WR�H[SR�����WKH�6ZLVV�1DWLRQDO
([KLELWLRQ� WDNLQJ� SODFH� LQ� ������ $� URERW� VRFFHU� FKDPSLRQVKLS� ZLOO� EH� RUJDQL]HG�
ZKHUH�GLIIHUHQW� VFKRRO� FODVVHV� IURP� WKH�ZKROH�FRXQWU\�ZLOO�EH�SOD\LQJ�DJDLQVW� HDFK
RWKHU�ZLWK�WKHLU�VHOI�SURJUDPPHG�URERWV�

��� &RQWUROOLQJ�WKH�URERWV

7KH�DLP�RI�WKLV�SURMHFW�LV�WR�RIIHU�WR�SXSLOV�DQG�VWXGHQWV�D�V\VWHP�ZKLFK�DOORZV�WKHP
WR� FRQWURO� WKH� URERWV� DQG� WR�PDNH� WKHP�SOD\� VRFFHU�� +HQFH�� WKH� TXHVWLRQ�� KRZ� WR
FRQWURO�WKH�URERWV��,W�LV�LQWHQGHG�WR�RIIHU�WKUHH�GLIIHUHQW�OHYHOV�RI�GLIILFXOW\�WR�WKH
XVHU�

�� 6SHHG�FRQWURO�PRGH��LQ�WKLV�PRGH��WKH�XVHU�KDV�GLUHFW�FRQWURO�RI�WKH�VSHHGV
RI� WKH� WZR�ZKHHOV�RI� WKH�URERWV��7KLV� LV� WKH�KLJKHVW� OHYHO��DQG� LW�GHPDQGV�D
FHUWDLQ�NQRZOHGJH�DERXW�WKH�PRWLRQ�FRQWURO�RI�D�ZKHHOHG�URERW�

�� 3RVLWLRQ�FRQWURO�PRGH��WKH�XVHU�JLYHV�D�WDUJHW�SRVLWLRQ��ZKLFK�WKH�URERW�KDV
WR�DFKLHYH��7KH�PRWLRQ�FRQWURO�LV�GRQH�E\�WKH�SURYLGHG�SURJUDP�

�� %HKDYLRU�PRGH��D�FHUWDLQ�QXPEHU�RI� LPSOHPHQWHG�EHKDYLRUV�DUH�DFFHVVLEOH
LQ�OLEUDULHV�
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7KH� ILUVW� WZR� PRGHV� KDYH� EHHQ� LPSOHPHQWHG�� 7KH� EHKDYLRU� PRGH� LV� QRW
LPSOHPHQWHG��EXW�WKH�SURJUDP�VWUXFWXUH�DOORZV�WR�DGG�WKLV�PRGH�DW�VRPH�WLPH�ODWHU�

7KH�LGHD�LV��WKDW�WKH�XVHU�FDQ�SURJUDP�D�VWUDWHJ\�ZLWK�WKH�WRROV�DERYH��:KHQ�WKH
JDPH�LV�UXQQLQJ��WKH�XVHU�SURJUDP��RU�7HDP�0DQDJHU�DV�ZH�FDOO�LW��ZLOO�EH
FRPSOHWHO\� DXWRQRPRXV�� 7KHUH� LV� DEVROXWHO\� QR� UHDO� WLPH� LQWHUYHQWLRQ� ZLWK
MR\VWLFNV�LQWHQGHG��,W�LV�WKH�XVHU�SURJUDP��ZKLFK�LQWHUYHQHV�LQ�UHDO�WLPH��7KH�VWUHVV�LV
RQ�WKH�VWUDWHJ\�SURJUDPPLQJ�EHIRUH�WKH�JDPH�

,W�LV�SRVVLEOH�IRU�WKH�XVHU�WR�VZLWFK�EHWZHHQ�WKH�GLIIHUHQW�PRGHV�GHVFULEHG�DERYH�DW
DQ\�WLPH��7KLV�DOORZV�DQ�HYHQ�PRUH�IOH[LEOH�SURJUDPPLQJ�RI�WKH�VRFFHU�VWUDWHJ\�

��� 3URJUDPPLQJ�HQYLURQPHQW

7R�LPSOHPHQW�WKLV�V\VWHP��ZH�EDVLFDOO\�KDYH�WR�ZRUN�RQ�WZR�OHYHOV��)LUVW�RQ�WKH�URERW
$OLFH�WR�HVWDEOLVK�WKH�FRPPXQLFDWLRQ�ZLWK�WKH�3&��DQG�VHFRQG�RQ�WKH�3&�WR�PDQDJH
WKH�GLIIHUHQW�WDVNV�ZKLFK�KDYH�WR�EH�H[HFXWHG�

$OLFH� LV� ORFDOO\� FRQWUROOHG�E\�D�3,&�PLFURFRQWUROOHU��ZKLFK� LV�GLUHFWO\�SURJUDPPHG� LQ
DVVHPEOHU� SURJUDPPLQJ� ODQJXDJH�� 7KH� PDQXIDFWXUHU� RI� WKH� 3,&�� 0LFURFKLS
7HFKQRORJ\� ,QF��� DOVR� SURYLGHV� DQ� DVVHPEOHU� SURJUDPPLQJ� HQYLURQPHQW� FDOOHG
03/$%��ZKLFK�ZH�XVH�

$V�\RX�ZLOO�VHH�ODWHU��WKHUH�DUH�WKUHH�GLIIHUHQW�SURJUDPV�UXQQLQJ�RQ�D�3&��$OO�RI�WKHVH
SURJUDPV� DUH� LPSOHPHQWHG� LQ� DQ� REMHFW� RULHQWHG� SURJUDPPLQJ� ODQJXDJH�� RQH� RI
WKHP�LQ�'HOSKL��WKH�RWKHU�WZR�LQ�&����:H�XVH�µ%RUODQG�'HOSKL��¶�DQG�µ%RUODQG�&��
%XLOGHU� �¶� IRU� WKH� GHYHORSPHQW�� :H� QHHG� D� &OLHQW�6HUYHU� YHUVLRQ� RI� ERWK
HQYLURQPHQWV� LQ� RUGHU� WR� HVWDEOLVK� WKH� FRPPXQLFDWLRQ� EHWZHHQ� WKH� GLIIHUHQW
SURJUDPV�

��� +RZ�WR�UHDG�WKLV�GRFXPHQW

,Q� WKH� ILUVW� SODFH�� WKLV� GRFXPHQW� LV� WKH� UHSRUW� RI� D� VHPHVWHU� SURMHFW� DW� WKH
$XWRQRPRXV�6\VWHPV�/DE��$6/���(3)/��+RZHYHU�ZH�ZHUH�HQJDJHG�E\� WKH�$6/� ODVW
VXPPHU��ZKHUH�ZH�FRXOG�GR�VRPH� LPSRUWDQW�SUHOLPLQDU\�ZRUN� IRU� WKLV�SURMHFW��:H
ZLOO�WKHUHIRUH�LQHYLWDEO\�GHVFULEH�WKLQJV�ZKLFK�KDYH�EHHQ�GRQH�ODVW�VXPPHU�DQG�DUH
QRW� SDUW� RI� WKH� VHPHVWHU� SURMHFW� DFWXDOO\�� ,Q� WKH� GRFXPHQW� ZH� ZLOO� QRW� PDNH� D
GLIIHUHQFH�EHWZHHQ�VHPHVWHU�SURMHFW�DQG�VXPPHU�ZRUN��+RZHYHU�ZH�VKRUWO\�PHQWLRQ
KHUH� ZKLFK� SDUDJUDSKV� SDUWO\� FRQWDLQ� LQIRUPDWLRQ� RI� WKH� SUHOLPLQDU\� ZRUN�
&RPSOHWHO\�JHQHUDO�FRQVLGHUDWLRQV�PDGH�LQ�WKH�WH[W�DUH�QRW�PHQWLRQHG�KHUH�

� 7KH�FRPSRQHQWV

����� 0HWDO�VKHHWV

����� 0RWLRQ�FRQWURO�RI�WKH�URERWV

$�ILUVW�LPSOHPHQWDWLRQ�RI�PRWLRQ�FRQWURO�ZDV�GRQH�ODVW�VXPPHU��+RZHYHU
PRVW� FRQVLGHUDWLRQV� LQ� WKDW� SDUDJUDSK� KDYH� EHHQ� PDGH� GXULQJ� WKH
VHPHVWHU�SURMHFW�

����� 7&3�,3�FRQQHFWLRQ�ZLWK�&236

����� ,QWHJUDWLRQ�RI�86%�YLGHR�FDPHUD
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��� $OLFH��WKH�URERW

7KH�PLFUR�URERW�$OLFH�LV�D�YHU\�VPDOO�DXWRQRPRXV�URERW�����PP�[����PP�[����PP��
,W� LV� FRQWUROOHG� E\� D� 3,&��)��� PLFURFRQWUROOHU�� ZKRVH� )ODVK� ((3520� FDQ� EH
UHSURJUDPPHG��:DWFK�PRWRUV��/DYHW��GULYH�LWV�ZKHHOV��7KUHH�ZDWFK�EDWWHULHV�VHUYH
DV�HQHUJ\�VRXUFH��7KXV��WKH�URERW�NHHSV�LWV�DXWRQRP\�IRU�DERXW����KRXUV�

7KH� PRVW� UHFHQW� YHUVLRQ� RI� $OLFH� KDV� JRW� ELJJHU� ZKHHOV� ZKLFK� DOORZV� VWDEOH
YHORFLWLHV�XS�WR����PP�V�

)LJ�����0LQL�URERW�$OLFH

7R� FRPPXQLFDWH� ZLWK� WKH� URERW�� WKHUH� DUH� WZR� SRVVLELOLWLHV�� LQIUDUHG� �,5�
FRPPXQLFDWLRQ� �XQLGLUHFWLRQDO�� DQG� UDGLR� WUDQVPLVVLRQ� �EL�GLUHFWLRQDO��� )RU� UHDVRQV
ZKLFK�ZLOO�EH�H[SODLQHG�LQ�������ZH�GRQ¶W�QHHG�WR�JHW�DQ\�LQIRUPDWLRQ�IURP�WKH�URERW
LWVHOI�� DQG� ZH� FDQ� WKHUHIRUH� XVH� WKH� ,5� FRPPXQLFDWLRQ�� 7KLV� FRPPXQLFDWLRQ� LV
PXFK�FKHDSHU��VLPSOHU�WR�KDQGOH�DQG�OHVV�SRZHU�FRQVXPLQJ�

6LQFH�WKH�LGHD�LV�WR�SOD\�VRFFHU�RQ�DQ�$��VKHHW��WKHUH�ZLOO�EH���$OLFHV����SHU�WHDP�
(DFK�URERW�KDV�D�XQLTXH�LGHQWLILFDWLRQ�QXPEHU�

$FWXDOO\��WKH�URERW�$OLFH�LV�RQH�RI�WKH�FHQWUDO�HOHPHQWV�RI�WKH�V\VWHP�DQG�GHWHUPLQHV
PDQ\� RI� WKH� V\VWHP¶V� VSHFLILFDWLRQV�� 7KLV� LV� ZK\�ZH� GHGLFDWH� DQ� HQWLUH� FKDSWHU� WR
$OLFH��<RX�FDQ�ILQG�DOO�IXUWKHU�GHWDLOV�DERXW�WKH�URERW�LQ�FKDSWHU���

��� 7KH�EDOO

6HYHUDO�FRQVLGHUDWLRQV�KDYH�WR�EH�PDGH�WR�FKRRVH�DQ�DSSURSULDWH�EDOO��7KH�FRORU��WKH
ZHLJKW�DQG�WKH�IRUP�DOO�LQIOXHQFH�WKLV�FKRLFH��(VSHFLDOO\�WKH�IRUP�DQG�ZHLJKW�EHFRPH
LPSRUWDQW�EHFDXVH�RI�WKH�PLQLDWXUL]DWLRQ�RI�WKH�VRFFHU�JDPH�

7KH�VXUIDFH�KDV�WR�EH�DV�VPRRWK�DQG�DV�URXQG�DV�SRVVLEOH�WR�DVVXUH�D�VWUDLJKW
PRYHPHQW�ZKHQ�RQO\�SXVKHG�ZLWK�OLWWOH�IRUFH��6LQFH�WKH�URERW�$OLFH�LV�YHU\�OLJKW�DQG
QRW�VR�IDVW�LQ�PRYHPHQW��WKLV�LV�YHU\�LPSRUWDQW��7KH�ZHLJKW�VKRXOG�QRW�EH�WRR�ELJ�WR
DOORZ�$OLFH�WR�SXVK�WKH�EDOO��2Q�WKH�RWKHU�KDQG� LW�VKRXOG�QRW�EH� WR� OLJKW� WR�DYRLG�D
FKDRWLF�EHKDYLRU�GXH�WR�VXUIDFH�LUUHJXODULWLHV�

7KH� FRORU� PXVW� EH� HQWLUHO\� GHWHUPLQHG� DFFRUGLQJ� WR� WKH� GHPDQGV� RI� WKH� YLVLRQ
V\VWHP��FDPHUD�DQG�&236��VHH����������������:H�FDQ�PHQWLRQ�KHUH�WKDW�LW�VKRXOG�EH
UDWKHU�GXOO�WR�DYRLG�OLJKW�UHIOHFWLRQV�
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7KH� PDWHULDO� GRHV� QRW� KDYH� PXFK� LPSRUWDQFH� DV� ORQJ� DV� DERYH� FULWHULRQV� DUH
UHVSHFWHG�

)RU� WKH� VL]H�� D� GLDPHWHU� RI� DERXW� ��� PP� VHHPV� WR� PDWFK� WKH� V\VWHP¶V
SURSRUWLRQDOLW\�

2XU� FKRLFH� VR� IDU�� LV� D� EDOO�PDGH� RI� 3RO\SURS\OHQH� �33��ZKLFK� LV� QRUPDOO\� XVHG� LQ
YDOYHV�

)LJ�����7KH�EDOO�ZLWK�D�SOD\HU

7KLV�EDOO�LV�SURYLGHG�E\�0DDJWHFKQLF�$*��'�EHQGRUI��6ZLW]HUODQG�

��� )LHOG�	�VHWXS

$W�WKH�EHJLQQLQJ��ZH�GHOLEHUDWHO\�GHFLGHG�WR�PDNH�$OLFH�SOD\�VRFFHU�RQ�DQ�$��VKHHW�
2Q�RQH�KDQG�� WKLV� LV�D�JRRG�ZD\� WR�PDNH�DGYHUWLVHPHQW�� IRU�H[DPSOH� IRU�H[SR����
2Q� WKH�RWKHU�KDQG�� WKLV� LV� ODUJH�HQRXJK� IRU���$OLFH� URERWV�DQG� VPDOO� HQRXJK� IRU� D
SRUWDEOH�V\VWHP��$FWXDOO\��VLQFH�WKH�ILQDO�SXUSRVH�RI�WKH�SURMHFW�LV�WR�SXW�WKH�ZKROH
V\VWHP�LQ�D�EULHIFDVH��ZH�KDG�EHWWHU�FKRRVH�DQ�DGDSWHG�VL]H�RI�WKH�ILHOG�

,Q� IDFW�� WKH�FXUUHQW�VL]H�RI� WKH� ILHOG� LV����[���PP�ZLWK�EURNHQ�FRUQHUV��7KH�JRDOV
DUH�VLPSOH�KROHV�RQ�ERWK�VLGHV�

)LJ�����7KH�FXUUHQW�WULDO�ILHOG
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7KLV�FRQVWUXFWLRQ�LV�PRXQWHG�RQ�D�ERDUG�WKDW�FDQ�EH�DGMXVWHG�ZLWK���VFUHZV�LQ�RUGHU
WR�REWDLQ�D�SHUIHFWO\�IODW�VXUIDFH��2WKHUZLVH��WKH�EDOO�ZLOO�DOZD\V�EH�DWWUDFWHG�WR�D
FHUWDLQ�VLGH�RI�WKH�ILHOG�

)RU�WKH�IORRU�FRYHULQJV��D�JUHHQ�FDUGERDUG�KDV�EHHQ�FKRVHQ��)LUVW��WKLV�FRORU�LV�WKH
FORVHVW� WR� WKH� UHDO� VRFFHU� ILHOGV�� 6HFRQG�� ZH� KDYH� WR� SD\� DWWHQWLRQ� WR� WKH� LPDJH
SURFHVVLQJ� V\VWHP�� $V� ZH� ZLOO� VHH� ODWHU�� WKHUH� DUH� VHYHUDO� GLIILFXOWLHV� WR� PDNH� DQ
LPDJH�SURFHVVLQJ�V\VWHP�UXQQLQJ�ZHOO��)RU�H[DPSOH��ZH�FDQ�QRW�FKRRVH�D�UHIOHFWLYH
VXUIDFH�� RWKHUZLVH� WKH� FDPHUD�ZLOO� EH� GD]]OHG�� 7KLV�ZD\�� WKH� FDUGERDUG� LV� D� JRRG
FKRLFH�� 7KH� LPSRUWDQFH� RI� WKH� ILHOG¶V� VPRRWKQHVV� PDGH� XV� JLYH� XS� RWKHU
VROXWLRQV�OLNH�SDLQWLQJ�RU�FRORUHG�SDSHU�

$�VXSSRUW�IRU�WKH�YLVLRQ�V\VWHP�LV�SODFHG�RYHU�RI�WKH�ILHOG��WKH�YLGHR�FDPHUD�DQG�WKH
OLJKWLQJ��VHH���������2XU�WHPSRUDU\�VROXWLRQ�LV�PDGH�RI�SODQNV�ZLWK�VHYHUDO�VWHSV�OLNH
D�VKHOI� LQ�RUGHU�WR�KDYH� WKH�SRVVLELOLW\�WR�FKDQJH�WKH�KHLJKW�RI� WKH�FDPHUD�DQG�WKH
OLJKWLQJ��FXUUHQWO\��WKH�FDPHUD�LV�RQ�WKH�IRXUWK�VWHS�IURP�WKH�ERWWRP��

)LJ�����7KH�FXUUHQW�WULDO�VHWXS

��� ,PDJH�SURFHVVLQJ�V\VWHP�DQG�FDPHUD

*HWWLQJ�WKH�SUHFLVH�SRVLWLRQV�RI�URERWV�RQ�D�SODQH�LV�D�TXLWH�GLIILFXOW�WDVN �
6LQFH�ZH�KDG�WKH�SRVVLELOLW\� WR�XVH�DQ�H[LVWLQJ�V\VWHP��ZH�FDXJKW� WKH�RSSRUWXQLW\�
7KLV�LPDJH�SURFHVVLQJ�V\VWHP�EDVHG�RQ�FRORU�UHFRJQLWLRQ�LV�FDOOHG�&236�IRU�&RORU
2EMHFW�3RVLWLRQ�6HUYHU��)RU�PRUH�GHWDLOHG�LQIRUPDWLRQ�DERXW�&236��SOHDVH�UHIHU�WR��
����
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7KH� EDVLF� SULQFLSOH� RI� WKLV� LPDJH� SURFHVVLQJ� SURJUDP� LV� WR� SXW� WRJHWKHU� SL[HOV� RI
DERXW�WKH�VDPH�FRORU�DQG�E\�GRLQJ�WKDW��H[WUDFW�EOREV�RU�REMHFWV�RI�HDFK�VHW��7KHQ�
WKHUH�LV�D�ILOWHU�WKDW�WKURZV�DZD\�DOO�EOREV�WKDW�DUH�RXW�RI�D�GHILQHG�VL]H��)LQDOO\��WKH
SURJUDP�FDOFXODWHV� WKH� LQHUWLD�D[LV�RI� WKH�REMHFWV �� 7KLV� LV�ZK\�ZH�XVH� FRORU
UHFWDQJOHV�RQ�WKH�URERWV��6R�&236�FDQ�JLYH�XV�WKH�SRVLWLRQV�DQG�WKH�GLUHFWLRQV�RI
WKH�SOD\HUV�DQG�WKH�EDOO�

color patch

main axismetal  sheet

)LJ�����&RORU�SDWFK�IRU�UHFRJQLWLRQ

)RU�WKH�EDOO��WKH�JLYHQ�GLUHFWLRQ�ZLOO�EH�GHYRLG�RI�PHDQLQJ��WKLV�LV�ZK\�ZH�ZLOO�QRW�XVH
LW�

6LQFH�ZH�ZDQWHG�WR�EXLOG�D�FKHDS�SURGXFW��ZH�FKRVH�WR�DGDSW�&236�IRU�D�86%�YLGHR
FDPHUD��VHH�����������$IWHU�VHYHUDO�WULDOV��ZH�FKRVH�WKH�4XLFN&DP�+RPH�E\�/RJLWHFK
�VHH�>L@�LQ�DSSHQGL[������

)LJ�����4XLFN&DP�+RPH

:LWK� WKLV� FDPHUD�� ZKLFK� FRVWV� DERXW� ������ ZH� FDQ� JHW� D� SUHWW\� JRRG� LPDJH� RI
���[����SL[HOV�DW���)36��0RUHRYHU��LW�KDV�YHU\�IHZ�OHQV�GLVWRUWLRQ� LQ�FRPSDULVRQ
ZLWK�RWKHU�4XLFN&DPV��5HIHU�WR�DSSHQGL[�����IRU�D�86%�YLGHR�FDPHUD�FRPSDULVRQ�

7KH� FKRLFH� RI� WKH� FRORUV� �ILHOG�� URERWV� DQG� EDOO�� LV� EDVHG� RQ� WKH� EHKDYLRU� RI� WKLV
FDPHUD�� $QG� ZH� VHH� WKDW� WKH� IROORZLQJ� FRORUV� DUH� SUHWW\� JRRG� IRU� ERWK� FDPHUD
VHWWLQJV�DQG�&236�VHWWLQJV�

• )LHOG��JUHHQ

• %DOO��ZKLWH

• 5RERWV�RI�WHDP����EOXH
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• 5RERWV�RI�WHDP����UHG

7KH� OLJKWLQJ� LV� D� YHU\� FULWLFDO� SRLQW� LQ� D� YLVLRQ� V\VWHP�� :H� KDYH� WR� SURYLGH� D
KRPRJHQHRXV�DQG�LQWHQVH�OLJKW�RQ� WKH� ILHOG� LQ�RUGHU� WR�DYRLG�VKDGH�]RQHV�DQG
EDG� FRORU� UHQGHULQJ�� (YHQWXDOO\�� D� VROXWLRQ�ZLWK� DQ� LQGLUHFW� OLJKWLQJ� SURYLGHG� E\
IRXU����:DWW�EXOEV�ZDV�FKRVHQ��VHH�)LJ������

��� &RPSXWHU�DQG�RSHUDWLQJ�V\VWHP

)LUVW�RI�DOO��ZH�QHHG�06�:LQGRZV����IRU�RXU�V\VWHP��EHFDXVH�&236�KDV�EHHQ�ZULWWHQ
RQ� :LQGRZV� DQG� WKH� 86%� FDPHUD� �4XLFN&DP� +RPH�� UXQV� RQO\� RQ� :LQ���� 2WKHU
RSHUDWLQJ�V\VWHPV� OLNH�:LQGRZV�17�RU� /LQX[�DUH�QRW� SRVVLEOH�EHFDXVH� WKH\�GR�QRW
VXSSRUW�86%�DW�WKH�PRPHQW�

7KXV�RXU�PDLQ�VHUYHU��FDOOHG�$60�IRU�$OLFH�6RFFHU�0DQDJHU��KDV�WR�UXQ�RQ�D�:LQGRZV
���SODWIRUP��%XW�ZH�GR�QRW�ZDQW�WR�LPSRVH�WKLV�FKRLFH�WR�DOO�XVHUV ��0RUHRYHU�
RXU� WDUJHW� SXEOLF� XVH��PRVW� RI� WKH� WLPH�� 0DFLQWRVK� EHFDXVH� D� ODUJH� SDUW� RI� 6ZLVV
VFKRROV� DUH� HTXLSSHG� ZLWK� WKDW� NLQG� RI� FRPSXWHUV�� 7KLV� LV� ZK\� ZH� RSWHG� IRU� D
7&3�,3�FRPPXQLFDWLRQ�EHWZHHQ�$60�VHUYHU�DQG�WKH�XVHUV��3OHDVH�UHIHU�WR������
IRU�IXUWKHU�LQIRUPDWLRQ�DERXW�WKH�RUJDQL]DWLRQ�RI�FRPSXWHU�UHVRXUFHV�LQ�WKLV�SURMHFW�

7KH�SRVVLELOLWLHV�IRU�WKH�ILQDO�XVHU�LQWHUIDFH�DUH�TXLWH�XQOLPLWHG��7KH�VWXGHQWV�ZLOO�EH
DEOH� WR� LPSOHPHQW� WKHLU� WHDP�PDQDJHU� SURJUDP� LQ� ZKDWHYHU� H[LVWLQJ� HQYLURQPHQW
VXFK� DV� 06� 9LVXDO� %DVLF� �HYHQ� 9LVXDO� %DVLF� $SSOLFDWLRQ��� 06� 9LVXDO� &���� %RUODQG
'HOSKL��%RUODQG�&���%XLOGHU��DQG�VR�RQ��DQG�RWKHU�GHYHORSLQJ�HQYLURQPHQWV�RQ�RWKHU
RSHUDWLQJ� V\VWHPV�� 7KH� RQO\� WKLQJ� QHHGHG� LV� DFFHVV� WR� D� VRFNHW�� LQ� RUGHU� WR
LPSOHPHQW� WKH� FOLHQW� VLGH� RI� D� 7&3�,3� FRPPXQLFDWLRQ�� 7R� GR� WKDW�� ZH� KDYH�� IRU
H[DPSOH��FRPSRQHQWV�WKDW� LPSOHPHQW�D�7&3�,3�FOLHQW��)RU�IXUWKHU�SUHFLVLRQV�RQ�WKH
VXEMHFW��VHH���������

)LQDOO\�� ZH� ZLOO� KDYH� D� JUHDW� IOH[LELOLW\� LQ� WKH� JOREDO� RUJDQL]DWLRQ� RI� FRPSXWHU
UHVRXUFHV�� 7KLV� PHDQV� ZH� FDQ� UXQ� D� VRFFHU� JDPH� LQ� GLIIHUHQW� FRQILJXUDWLRQV�� 2I
FRXUVH��WKH�FRPSXWHU�RQ�ZKLFK�&236�DQG�$60�DUH�UXQQLQJ�ZLOO�EH�SURYLGHG
LQ�WKH�VHW�ZLWK�WKH�EULHIFDVH��LQ�RUGHU�WR�EH�VXUH�WR�KDYH�D�JRRG�FRPSXWHU�ZLWK�DW
OHDVW�:LQGRZV�����DQ�(WKHUQHW�FDUG��IRU�7&3�,3�FRPPXQLFDWLRQ�ZLWK�XVHUV���D�VHULDO
SRUW��IRU�WKH�UHPRWH�FRQWURO�IRU�WKH�URERWV��DQG�D�86%�SRUW��IRU�WKH�YLGHR�FDPHUD��
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D� 2QO\�RQH�3&��DOO�SURJUDPV� �&236�	�$60��7HDP�PDQDJHU����7HDP�PDQDJHU���
UXQ� RQ� WKH� VDPH� 3&� �7&3�,3� FRPPXQLFDWLRQ� RQ� D� ORFDO� KRVW� LV� SRVVLEOH��� $
GUDZEDFN� RI� WKLV� FRQILJXUDWLRQ� LV� WKH� QHFHVVLW\� IRU� WKH� WHDP� PDQDJHUV� WR� EH
ZULWWHQ�RQ�:LQGRZV����

E� 7ZR�3&V��&236�	�$60�ZLOO�UXQ�RQ�WKH�SURYLGHG�ODSWRS��%RWK�WHDP�PDQDJHUV�ZLOO
EH�LQVWDOOHG�RQ�D�VHFRQG�3&��IRU�H[DPSOH�D�0DFLQWRVK��1RWH�WKDW�ZH�DOZD\V�KDYH
WZR�7&3�,3�FKDQQHOV�EHWZHHQ�XVHUV�DQG�$60��RQH�IRU�HDFK�WHDP�

F� 7UHH�3&V��&236�	�$60�ZLOO�VWLOO�UXQ�RQ�WKH�SURYLGHG�ODSWRS��7KHQ��HDFK�WHDP�KDV
LWV�RZQ�3&�RQ�ZKLFK�UXQV�WKH�FRUUHVSRQGLQJ�WHDP�PDQDJHU�

1RWH�WKDW�D�VLPSOH�LQWHUIDFH�IRU�\RXQJHU�VWXGHQWV��ZKHUH�WKH�7&3�,3�VWXII�ZRXOG�EH
KLGGHQ��FRXOG�HDVLO\�EH�LPSOHPHQWHG�RQ�WRS�RI�WKH�V\VWHP�
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� 7+(�52%276

��� 0HFKDQLFV

����� &RQVWUXFWLRQ
$OLFH�LV�D�GLIIHUHQWLDO�GULYH�URERW�ZLWK�WZR�ZKHHOV�

)RU�WKLV�SURMHFW�ZH�KDYH�REWDLQHG�WKH�PRVW�UHFHQW�YHUVLRQ��ZKLFK�KDV�ELJJHU�ZKHHOV
WKDW�DUH�QRZ�SODFHG�RQ�WKH�VDPH�D[LV��)XUWKHU��WKH�UHVLVWRU�RI�WKH�SRZHU�VXSSO\�KDV
EHHQ�GLPLQLVKHG� WR�DOORZ�D�KLJKHU� VXSSO\� YROWDJH� IRU� WKH�PRWRUV��7KXV��D�PD[LPDO
YHORFLW\�RI����PP�V�FDQ�EH�UHDFKHG�

7KH�URERW�SURSV�LWVHOI�RQ�WKH�JURXQG�ZLWK�LWV�WZR�ZKHHOV�DQG�D�WKLUG�SRLQW�ZKLFK� LV
IL[HG�DW�WKH�IURQW��$�IRXUWK�SRLQW�WR�SURS�KDG�WR�EH�IL[HG�DW�WKH�EDFN�RI�WKH�URERW
WR� DYRLG� WKDW� WKH� URERW� OHDYHV� WKH� JURXQG� DW� WKH� IURQW� ZKHQ� SXVKLQJ� WKH� EDOO� RU
KHDGLQJ�LQWR�DQRWKHU�URERW��)RU�WKH�VDPH�UHDVRQ��VRPH�DGGLWLRQDO�ZHLJKW�LV�IL[HG
DW�WKH�IURQW�

����� 6SHHGV
7ZR�ZDWFK�VWHS�PRWRUV�GULYH�WKH�ZKHHOV�RI�$OLFH��7KHUH�LV�RQH�GHIDXOW�VSHHG��ZKLFK
LV�VHW�WR����PP�V��%XW�LQ�RUGHU�WR�PDNH�SRVVLEOH�D�VWDEOH�DQG�VPRRWK�PRWLRQ�FRQWURO�
VHYHUDO�VSHHGV�PXVW�EH�DYDLODEOH�RQ�$OLFH��7KLV�LV�SRVVLEOH�ZLWK�DQ�XSSHU�DQG�ORZHU
OLPLW�� RI� FRXUVH�� /LNHZLVH�� WKHUH� LV� QR� FRQWLQXRXV� YHORFLW\� DYDLODEOH�� VLQFH� ZH
ZRUN�ZLWK�D�GLVFUHWH�PLFURFRQWUROOHU�V\VWHP�ZLWK�YHU\�OLWWOH�UHVRXUFHV�

9HORFLW\�FDQ�EH�YDULHG�E\�SOD\LQJ�RQ�WZR�SDUDPHWHUV��WKH�SKDVH�SHULRG�RI�WKH�PRWRUV
�0B3K3HULRG��DQG�WKH�SDXVH�EHWZHHQ�WZR�HQWLUH�PRWRU�F\FOHV��0B3DXVH���2QH�F\FOH
KDV� �� SKDVHV� DQG� WKH� SDXVH� LQ�EHWZHHQ� LV� FDOOHG� WKH� SDVVLYH� SKDVH� ��� 7KH� SKDVH
SHULRG� DQG� WKH�SDXVH� DUH� ERWK�PXOWLSOHV� RI� WKH� LQWHUUXSW� F\FOH� �����µV���0B3HULRG
DQG� 0B3DXVH� LQGLFDWH� WKH� QXPEHU� RI� PXOWLSOHV� RI� ���� µV�� 0B3K3HULRG� FDQ� WDNH
UHDVRQDEOH�YDOXHV�IURP��������µV��WR�DERXW����������µV���7KH�KLJKHU�LW�LV��WKH�VORZHU
WKH�PRWRU�WXUQV��%HORZ�D�YDOXH�RI���WKH�PRWRUV�DUH�QRW�VWDEOH��DERYH�D�YDOXH�RI���
WKH�HQHUJ\�FRQVXPSWLRQ�EHFRPHV�WRR�KLJK�FRPSDUHG�WR�WKH�YHORFLW\��0B3DXVH�WDNHV
UHDVRQDEOH�YDOXHV�IURP���WR�DERXW�����+LJKHU�YDOXHV�PDNH�WKH�PRWRUV�VWRS�

7KH�WXUQLQJ�VHQVH�RI� WKH�PRWRUV��0B'LU��FDQ�DOVR�EH�GHILQHG� WR�DOORZ� IRUZDUG�DQG
EDFNZDUG�PRYHPHQWV�

7R� NHHS� WKH� VSHHG� LQIRUPDWLRQ� DV� VKRUW� DV� SRVVLEOH��ZH� PXVW� FKRRVH� D� VWULFW
PLQLPXP�RI�VSHHGV�WR�XVH��7KH�VSHHGV�FXUUHQWO\�XVHG�RQ�$OLFH�DUH�WKH�IROORZLQJ�

Speed PhPeriod Pause Dir Velocity
[mm/s]

3 5 0 1 51
2 7 0 1 37
1 7 11 1 29
0 - - - 0
-1 7 11 0 -29
-2 7 0 0 -37
-3 5 0 0 -51
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7KHVH�VSHHGV�FDQ�EH�FRGHG�LQ���ELWV�SHU�ZKHHO�

6HH�DSSHQGL[�����IRU�D�FRPSOHWH�WDEOH�RI�SRVVLEOH�VSHHGV�

$V� WKHUH� LV� QR� FRQWLQXRXV� YHORFLW\� DYDLODEOH� WR� FRQWURO� WKH� URERWV�� EXW� RQO\� D� OLWWOH
QXPEHU� RI� GLVFUHWH� VSHHGV�� WKLV� KDV� FRQVHTXHQFHV� RQ� WKH� LPSOHPHQWDWLRQ� RI� WKH
PRWLRQ�FRQWURO��3OHDVH�UHIHU�WR���������IRU�IXUWKHU�GHWDLOV�

����� 0HWDO�VKHHWV

6LQFH�$OLFH� LV� VXSSRVHG� WR�SOD\� VRFFHU�� LW� VKRXOG�EH�SRVVLEOH� WR� VKRRW� WKH�EDOO�� %XW
$OLFH�LWVHOI�LV��WRR�OLJKW�DQG�WRR�VORZ�WR�WUDQVPLW�HQRXJK�LPSXOVH�WR�WKH�EDOO��+HQFH�D
V\VWHP�KDG�WR�EH�IRXQG�WR�VKRRW�WKH�EDOO�

7R�DFKLHYH�WKLV�FKDUDFWHULVWLF��YHU\�WKLQ�VWHHO�VKHHW�����µP��DUH�PRXQWHG�RQ�$OLFH�DOO
DURXQG�WKH�FLUFXPIHUHQFH��7KHVH�VKHHWV�FUHDWH�D�VSULQJ�HIIHFW�DQG�OHW�WKH�EDOO
ERXQFH�EDFN�� 7KH\� DOVR� SURWHFW� WKH� VHQVLWLYH� SDUWV� RI� $OLFH� �ZKHHO� D[LV�� JHDULQJ�
IURP�VKRFNV�ZLWK�WKH�EDOO�RU�RWKHU�$OLFHV�

)LJ�����0HWDO�VKHHW�RQ�$OLFH

2Q� WKH�RWKHU�KDQG� WKHVH�VKHHWV�PDNH� WKH� URERWV�JHW� VWXFN�PXFK�PRUH�HDVLO\�ZLWK
RWKHU� URERWV�� 7KLV� LV� D� SUREOHP� ZKLFK� VKRXOG� HLWKHU� EH� VROYHG� ZLWK� D� PRUH
DSSURSULDWH�FRQVWUXFWLRQ� RI� WKHVH� VKHHWV�RU�ZLWK� FRQGLWLRQV� � DQG�SURFHGXUHV� LQ� WKH
VRIWZDUH�WR�WDNH�WKH�URERWV�DSDUW�ZKHQ�WKH\�JHW�VWXFN�

��� &RQWURO�RI�WKH�URERWV

����� *OREDO�VWUXFWXUH�RI�WKH�FRQWURO�V\VWHP
7KH�URERWV�DUH�HQWLUHO\�FRQWUROOHG�E\�WKH�3&��7KH�FRQQHFWLRQ�EHWZHHQ�WKH�3&
DQG� WKH� URERWV� LV� HVWDEOLVKHG� E\� WKH� UHPRWH
FRQWURO� ZKLFK� H[LVWV� DORQJ� WKH� URERW� $OLFH�
7KLV�UHPRWH�FRQWURO�LV�FRQQHFWHG�WR�WKH�VHULDO
SRUW�RI�WKH�3&��DQG�WKH�3&�FRPPXQLFDWHV�YLD
WKH�VWDQGDUG�56����SURWRFRO�ZLWK� WKH�UHPRWH
FRQWURO��+HQFH��RQO\�HQWLUH�E\WHV�FDQ�EH�VHQW
WR�WKH�UHPRWH�FRQWURO��$�3,&�SURFHVVRU�RQ�WKH
UHPRWH� FRQWURO� PDQDJHV� WKH� FRPPXQLFDWLRQ
ZLWK�WKH�3&�DQG�WKHQ�WUDQVPLWV�WKH�ELWV�YLD�DQ
LQIUD�UHG�WUDQVPLVVLRQ�WR�WKH�URERWV�DFFRUGLQJ
WR�D�ZHOO�GHILQHG�SURWRFRO� )LJ�����7KH�UHPRWH�FRQWURO
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5RERW

$OLFH

&DPHUD
5HPRWH

FRQWURO

3&

,5

56���
86%

7KH� PRVW� GLUHFW� IHHGEDFN� ORRS� FDQ� EH� GHVFULEHG� DV� WKLV�� D� FDPHUD� WDNHV� DQ
LPDJH�RI� WKH� VLWXDWLRQ�RI� WKH� URERWV�� LPDJH�SURFHVVLQJ� LV� GRQH�RQ� WKH�3&� DQG� WKH
LQIRUPDWLRQ� WR� EH� VHQW� WR� $OLFH� LV
FDOFXODWHG�� WKLV� LQIRUPDWLRQ� LV� VHQW� WR
WKH� UHPRWH� FRQWURO�� ZKLFK� WUDQVPLWV� LW
IXUWKHU�WR�WKH�URERWV�

7KHUH� DUH� QR� SUR[LPLW\� VHQVRUV� RQ� WKH
URERWV�� 7KHUHIRUH� FRPPXQLFDWLRQ
EHWZHHQ� URERWV� LV� QRW� SRVVLEOH�� 7KH\
DUH� QRW� DXWRQRPRXV� DQG� QR� ORFDO
LQWHOOLJHQFH� LV� LPSOHPHQWHG�� %XW
VLQFH� WKH\� DUH� FRQWUROOHG� E\� WKH� 3&�
WKHUH� LV� QR� QHHG� IRU� FRPPXQLFDWLRQ
EHWZHHQ� URERWV� RU� ORFDO� LQWHOOLJHQFH�
7KLV� FKRLFH� ZDV�PDGH�� EHFDXVH� WKH� ,5
WUDQVPLVVLRQ� LV� WRR� VORZ� ��PV�ELW��� $V
RQO\� LQIRUPDWLRQ�� WKH�URERWV� UHFHLYH� WKH
VSHHGV� IRU� WKH� WZR� ZKHHOV�� $Q\� RWKHU
FDOFXODWLRQV� DQG� GHFLVLRQV� DUH� PDGH� RQ
WKH�3&�

����� ,5�&RPPXQLFDWLRQ

7R�FRPPXQLFDWH�EHWZHHQ�WKH�3&�DQG�WKH�URERWV��DQ�LQIUD�UHG�WUDQVPLVVLRQ� LV�XVHG�
7KLV�WUDQVPLVVLRQ�LV�XQLGLUHFWLRQDO��7KH�VSHHG�LV��PV�SHU�ELW��ZKLFK�LV�UDWKHU
VORZ��7KLV�LV�ZK\�ZH�ZRXOG�OLNH�WR�NHHS�WKH�LQIRUPDWLRQ�WR�WUDQVPLW�WR�WKH�URERWV�DV
VKRUW�DV�SRVVLEOH�

,I� RQH�ZRXOG� OLNH� WR�KDYH�PRUH� LQWHOOLJHQFH�RQ� WKH� URERWV��PXFK�PRUH� LQIRUPDWLRQ
ZRXOG�KDYH�WR�EH�VHQW�WR�HYHU\�URERW��7KH\�ZRXOG�KDYH�WR�NQRZ�WKH�SRVLWLRQV�RI�WKH
RWKHU�URERWV�DQG�RI�WKH�EDOO��7KH�WLPH�WR�VHQG�DOO�WKLV�LQIRUPDWLRQ�LV�PXFK�WRR�ORQJ�

7KH� LQIUD�UHG� WUDQVPLVVLRQ� XVHV� RQO\� D� VLQJOH� IUHTXHQF\�� 7KXV�� WKHUH� DUH� QRW
VHYHUDO�FKDQQHOV�ZKLFK�FDQ�EH�DVVLJQHG�WR�WKH�GLIIHUHQW�URERWV��DGGUHVVLQJ
LV� QHFHVVDU\�� %XW� VLQFH� WKH� DGGUHVV� VKRXOG� EH� LQFOXGHG� LQ� WKH� LQIRUPDWLRQ� ELWV
WUDQVPLWWHG��WKLV�ZLOO�EORZ�XS�WKH�QXPEHU�RI�ELWV�DJDLQ��+HQFH��D�QHZ�FRQFHSW�KDG�WR
EH�IRXQG��7KH�QHZO\�LPSOHPHQWHG�SURWRFRO�LV�GHVFULEHG�LQ�WKH�QH[W�SDUDJUDSK�

,5�WUDQVPLVVLRQ�LV�GLVWXUEHG�LI�WKHUH�LV�GLUHFW�OLJKW�LQFLGHQFH�IURP�EXOEV�RU�QHRQ�OLJKWV
ZKHUH� WUDQVPLVVLRQ� WDNHV� SODFH�� 7KH� VWHHO� VKHHWV� SODFHG� XSRQ� $OLFH� FRQWULEXWH� WR
DYRLG� WKLV� VRUW� RI� GLVWXUEDQFH�� 7R� NHHS� ZRUNLQJ� WKH� YLVLRQ� V\VWHP�� GLUHFW� OLJKW
LQFLGHQFH�KDV�WR�EH�DYRLGHG�DQ\ZD\��7KH�ILHOG�LV�OLW�XS�RQO\�E\�UHIOHFWHG�GLIIXVH�OLJKW
UD\V�

/LNHZLVH��WKH�UHPRWH�FRQWURO�VKRXOG�QRW�EH�SODFHG�WRR�FORVH�WR�WKH�URERWV��7KLV�ZRXOG
SUHYHQW� DQ\� SURSHU� WUDQVPLVVLRQ�� $V� IRU� WKH� XSSHU� OLPLW� RI� WKH� GLVWDQFH� EHWZHHQ
UHPRWH�FRQWURO�DQG�URERW��WKHUH�LV�QR�SUREOHP�IRU�RXU�VRFFHU�DSSOLFDWLRQ��$V�ORQJ�DV�D
GLUHFW�FRQQHFWLRQ�ZLWKRXW�REVWDFOHV�LV�DVVXUHG��HYHU\WKLQJ�ZLOO�ZRUN�ILQH�

)RU�D�GHWDLOHG�GHVFULSWLRQ�RI�WKH�,5�WUDQVPLVVLRQ�VHH�>�@�

)LJ�����)LUVW�IHHGEDFN�ORRS
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����� &RPPXQLFDWLRQ�SURWRFRO

7KH�,5�FRPPXQLFDWLRQ�SURWRFRO�DOUHDG\�H[LVWLQJ�IRU�$OLFH� LV�YHU\�JHQHUDO��,W�DFFHSWV
RQO\�FRPPDQGV�VXFK�DV�µWXUQ�ULJKW¶�RU�µIRUZDUG¶��$OVR�WR�FKDQJH�VSHHG��LW�LV�QHFHVVDU\
WR�VHQG�WKH�FRPPDQG�µSDUDPHWHU�SHULRG¶��ZKLFK�PHDQV��WKDW�WKH�QH[W�E\WH�VHQW�ZLOO
EH�WKH�SDUDPHWHU�ZKLFK�GHILQHV�WKH�SHULRG�GXUDWLRQ�RI�RQH�RI�WKH�PRWRUV��6LQFH�ZH
DUH�RQO\�LQWHUHVWHG�LQ�VSHHGV��WKLV�LV�QRW�ZKDW�ZH�QHHGHG�DW�DOO�

$OO� WKLV� OHG� XV� WR� WKH� GHFLVLRQ� RI� LPSOHPHQWLQJ� D� FRPSOHWHO\� QHZ� FRPPXQLFDWLRQ
SURWRFRO� IRU�$OLFH��7KH� LGHD�IRU� WKH�SURWRFRO� LV� WKH� IROORZLQJ��WKH�VSHHGV�IRU�DOO��
URERWV�DUH� VHQW�RQH�DIWHU� WKH�RWKHU�ZLWKRXW� DQ\�SDXVH� LQ�EHWZHHQ�� 7KHQ
HYHU\� URERW� FRXQWV� WKH� ELWV� IURP� WKH� EHJLQQLQJ� DQG� NQRZV� DW� ZKLFK
PRPHQW�WKH�VSHHGV�GHVWLQHG�WR�LW�DUH�VHQW�

7KLV�ZD\��DGGUHVVLQJ�LV�RPLWWHG�DQG�WKH�QXPEHU�RI�ELWV�WR�VHQG� LV�NHSW�DV�VPDOO�DV
HYHU�SRVVLEOH��6LQFH�QR�DGGUHVVHV�DUH�XVHG��WKLV�FDQ�FDXVH�FRPPXQLFDWLRQ�HUURUV�GXH
WR� ORVW� V\QFKURQL]DWLRQ� EHWZHHQ� URERWV� DQG� UHPRWH� FRQWURO�� 7KLV� KDSSHQV� W\SLFDOO\
ZKHQ�FRPPXQLFDWLRQ�IURP�WKH�3&�LV�VWDUWHG�EHIRUH�VZLWFKLQJ�RQ�D�URERW��$Q\�RWKHU
GLVWXUEDQFH�OLNH�LQWHUUXSWLQJ�WUDQVPLVVLRQ�ZLWK�WKH�KDQG�ZRXOG�FDXVH�SUREOHPV�LQ�WKH
YLVLRQ�V\VWHP�DQ\ZD\��DQG�VKRXOG�WKHUHIRUH�EH�DYRLGHG��,I�V\QFKURQL]DWLRQ�LV�ORVW�IRU
DQ\� RWKHU� UHDVRQ�� WKH� V\VWHP� LV� DEOH� WR� UHV\QFKURQL]H� LQ� OHVV� WKDQ� ���PV�� +HQFH
WKHUH�LV�QR�GLVDGYDQWDJH�LQ�RPLWWLQJ�WKH�DGGUHVVHV�

7R�NHHS� WKH�SURWRFRO�DV�VPDOO� DV�SRVVLEOH��ZH� UHVHUYHG���ELWV�SHU�ZKHHO��$V�HYHU\
URERW�KDV�WZR�ZKHHOV�DQG�WKHUH�DUH���URERWV��WKH�ZKROH�SURWRFRO�FRQVLVWV�RI����ELWV
SOXV���VWDUW�ELWV��7KH���VSHHG�ELWV�LQFOXGH���VLJQ�ELW��7KLV�JLYHV�XV���IRUZDUG�VSHHGV�
��EDFNZDUG�VSHHGV�DQG�]HUR�VSHHG��7KH�ELWV�IRU�RQH�URERW�DUH�FRGHG�DV�IROORZV�

)LJ�����%LW�FRGLQJ�IRU�RQH�URERW

6�VWDQGV�IRU�WKH�VLJQ�ELW��DQG�9DO�LV�WKH�DEVROXWH�YDOXH�RI�WKH�VSHHG�

7KH�FRPPXQLFDWLRQ�SURWRFRO�LV�GHILQHG�DV�IROORZV�

)LJ�����&RPPXQLFDWLRQ�SURWRFRO

7KH� ELWV� DUH� VKLIWHG� OHIW� IRU� WUDQVPLVVLRQ�� 2I� FRXUVH�� WKLV� QHZ� SURWRFRO� KDG� WR� EH
LPSOHPHQWHG�RQ�ERWK�WKH�UHPRWH�FRQWURO�DQG�$OLFH�

7KH�,5�WUDQVPLVVLRQ�RI�WKH�VSHHGV�WR�DOO�URERWV�QRZ�RQO\�WDNHV����PV��:LWK
WKH�H[LVWLQJ�JHQHUDO�SURWRFRO��WKLV�VDPH�RSHUDWLRQ�WDNHV�XS�WR�����V��

7KH�GLPLQXWLRQ�RI�WKH�GXUDWLRQ�RI�WKH�,5�WUDQVPLVVLRQ�LV�D�YHU\�LPSRUWDQW�IHDWXUH�WR
PDNH�WKH�ZKROH�V\VWHP�ZRUN��,Q�������ZH�SUHVHQW�D�WLPLQJ�RI�WKH�HQWLUH�V\VWHP�
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����� 0RWLRQ�FRQWURO�RI�WKH�URERWV

8S�WR�QRZ�ZH�KDYH�H[SODLQHG�ZKDW�WR�VHQG�WR�$OLFH��WKH�VSHHGV��DQG�KRZ�WR�VHQG�LW�
LQ� D� GHILQHG� SURWRFRO� YLD� LQIUD�UHG� WUDQVPLVVLRQ��:KDW� ZH�ZDQW� WR� H[SODLQ� QRZ�� LV
ZKHQ�WR�VHQG�ZKLFK�VSHHG�

)LUVW�RI�DOO�ZH�ZRXOG� OLNH� WR�SUHVHQW�ZKDW� LV� LQWHQGHG� WR�EH� DFFHVVLEOH� WR� WKH�XVHU�
ZKR�ZLOO�LPSOHPHQW�D�VWUDWHJ\��7KHUH�DUH���SRVVLEOH�PRGHV�

PRGH�� ��GLUHFW�VSHHG�FRQWURO

PRGH�� ��SRVLWLRQ�FRQWURO

PRGH�� ��EHKDYLRU��QRW�\HW�LPSOHPHQWHG�

,Q�WKLV�SDUDJUDSK�ZH�VKDOO�H[SODLQ�WKH�VHFRQG�SRVVLELOLW\��WKDW�LV�WKH�SRVLWLRQ�FRQWURO�
7KLV� FRQWURO� LV� LPSOHPHQWHG� LQ� WKH� $OLFH&WUO� FODVV�� <RX� FDQ� ILQG� WKH� &��� FRGH� LQ
DSSHQGL[��������7KH�WDVN�RI�WKLV�FODVV�LV�WR�FDOFXODWH�WKH�VSHHGV�WR�EH�VHQW�WR�$OLFH�
NQRZLQJ�LWV�FXUUHQW�SRVLWLRQ�DQG�WKH�UHTXHVWHG�WDUJHW�SRVLWLRQ�

$OO�WKH�QHFHVVDU\�SDUDPHWHUV�DUH�VWRUHG�LQ�RQH�UHFRUG��7KLV�UHFRUG�LV�WKH�VDPH�IRU�DOO
��URERWV��RI�FRXUVH��7KH�PHDQLQJ�RI�WKH�GLIIHUHQW�SDUDPHWHUV�ZLOO�EH�H[SODLQHG�LQ�WKH
IROORZLQJ�

5RERW

• LQW�0RGH ��FRQWURO�PRGH
• ERRO�%DFNZDUG)ODJ ��DUULYDO�GLUHFWLRQ��PRGH���RQO\�
• LQW�[��\ ��WDUJHW�SRVLWLRQ��PRGH���RQO\�
• GRXEOH�WKHWD ��WDUJHW�DQJOH��PRGH���RQO\�
• LQW�[���\� ��FXUUHQW�SRVLWLRQ
• GRXEOH�WKHWD� ��FXUUHQW�DQJOH
• LQW�6SHHG5��6SHHG/ ��VSHHGV�RI�ZKHHOV��PRGH���RQO\�

&RQWURO�ODZ

7KH�FRQWURO�ODZ�LV�D�ZHOO�NQRZQ�OLQHDU�HTXDWLRQ�

Y� �Nρ�⋅�ρ
ω� �Nα�⋅�α���NΦ�⋅�Φ

ZKHUH

Y ��YHORFLW\

ω ��DQJXODU�YHORFLW\

ρ ��GLVWDQFH�IURP�WDUJHW�SRVLWLRQ

α ��DQJOH�EHWZHHQ�FXUUHQW�θ�DQG�GLUHFWLRQ�IURP�FXUUHQW�WR�WDUJHW�SRVLWLRQ
Φ ��GLIIHUHQFH�EHWZHHQ�FXUUHQW�DQG�WDUJHW�WKHWD

Nρ� Nα� NΦ ��PRWLRQ�FRQWURO�FRQVWDQWV
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)LJ�����5RERW�NLQHPDWLFV��WDNHQ�IURP�>�@�

$OO� XVHG� DQJOHV� DUH� GHILQHG� EHWZHHQ� �π� DQG� �π�� :H� GLG� QRW� PDNH� D� GLIIHUHQFH
EHWZHHQ�WZR�LQWHUYDOV�IRU�α��DV�H[SODLQHG�LQ�>�@��7KXV��WKH�URERW�ZLOO�DOZD\V�DUULYH�LQ
IRUZDUG� GLUHFWLRQ� DW� WKH� WDUJHW� SRVLWLRQ�� 7KLV� VHHPV� WR� EH� WKH� QDWXUDO� EHKDYLRU� WR
VKRRW�WKH�EDOO��1HYHUWKHOHVV��WKH�XVHU�KDV�WKH�SRVVLELOLW\�WR�PDNH�WKH�URERW�DUULYH�LQ
EDFNZDUG�GLUHFWLRQ��7KLV�FDQ�EH�GRQH�E\�VHWWLQJ�WKH�%DFNZDUG�)ODJ� WR� µWUXH¶��6HH��
������IRU�D�GHWDLOHG�GHVFULSWLRQ�RI�WKH�XVHU¶V�SRVVLELOLWLHV�

,Q�WKH�SRVLWLRQ�FRQWURO�PRGH�LW�LV�QRW�SRVVLEOH�WR�VWRS�D�URERW��+RZHYHU�WKH
XVHU�FDQ�VZLWFK�WR�WKH�VSHHG�FRQWURO�PRGH�DW�DQ\�WLPH�DQG�VHW�WKH�VSHHG�WR
]HUR�

7KH� OLQHDU� FRQWURO� ODZ� GHVFULEHG� DERYH�� KDV� DQ� LQVWDELOLW\� DW� WKH� WDUJHW� SRLQW �
7KHUHIRUH�WZR�EDVLF�PHDVXUHV�KDYH�WR�EH�WDNHQ�

�� ,QVWHDG�RI�GHILQLQJ�D�SUHFLVH� WDUJHW�SRLQW� DQG�DQJOH��D�WDUJHW�FLUFOH�DQG�D
WKUHVKROG�IRU�WKH�DQJOH�KDV�WR�EH
GHILQHG�� ,Q� WKLV� WDUJHW� FLUFOH�� WKH
GLVWDQFH�ρ�DQG�WKH�DQJOH�α�FDQ�KDYH
QR� PRUH� LQIOXHQFH� WR� ILQG� WKH� ULJKW
DQJOH� WKHWD� DQG� DUH� WKHUHIRUH� VHW� WR
]HUR�

�� 7KH� NΦ� FRQVWDQW� PDNHV� WKH� URERW
PRYH� LQ� D� VPRRWK�PDQQHU� WR� DUULYH
ZLWK� WKH� UHTXHVWHG� WDUJHW�DQJOH��%XW
RQFH�DUULYHG�LQ�WKH�WDUJHW�FLUFOH��WKLV�FRQVWDQW�ZLOO�GR�H[DFWO\�WKH�RSSRVLWH�DQG
PRYH�WKH�URERW�IXUWKHU�DZD\�IURP�LWV�WDUJHW�DQJOH��+HQFH��LQ�WKH�WDUJHW�FLUFOH
WKH�VLJQ�RI�NΦ�KDV�WR�EH�LQYHUWHG��$GGLWLRQDOO\�LWV�DEVROXWH�YDOXH�LV�LQFUHDVHG�
%XW�LI�WKH�URERW�VWRSV�H[DFWO\�RQ�WKH�FLUFOH�DQG�EHJLQV�WR�WXUQ�WR�ILQG�LWV�ILQDO
DQJOH��LW�ZLOO�VRPHWLPHV�PRYH�RXW�RI�WKH�FLUFOH��ZKLFK�ZLOO�LQYHUW�WKH�VLJQ�RI�NΦ
DJDLQ��7KLV�LV�D�QHZ�LQVWDELOLW\�RQ�WKH�WDUJHW�FLUFOH��7R�DYRLG�WKLV��WKH�VLJQ�RI
NΦ� KDV� WR� EH� FKDQJHG� VRRQHU�� RQ� D� VHFRQG�� ODUJHU� FLUFOH �� 7KXV�� WKH
URERW�ZLOO�VWLOO�PRYH�IRUZDUG�ZKHQ�WKH�VLJQ�RI�NΦ�FKDQJHV�DQG�RQO\�VWRS�ZKHQ
SDVVLQJ�WKH�LQQHU�FLUFOH�

target

kρ = kα = 0

kφ = -kφ

)LJ����
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$�FRQVHTXHQFH�RI� WKLV�FRQWURO� ODZ��ZKLFK�PD\EH� LV�QRW�GHVLUDEOH�� LV�� WKDW� WKH�URERW
ZLOO�DOZD\V�DUULYH�ZLWK�WKH�VORZHVW�VSHHG�DW� WKH� WDUJHW�SRVLWLRQ�� ,I� WKH�URERW�KDV� WR
VKRRW�WKH�EDOO��RQH�ZRXOG�OLNH�WR�DYRLG�WKLV��7R�GR�VR��D�WDUJHW�IXUWKHU�DZD\�FDQ�EH
UHTXHVWHG�

+HUH�DUH�WKH�YDOXHV�RI�WKH�PRWLRQ�FRQWURO�FRQVWDQWV�GHVFULEHG�DERYH�

Nρ ��V��

Nα ��V��

NΦ��LQVLGH�WDUJHW�FLUFOH� �����V��

NΦ��RXWVLGH�WDUJHW�FLUFOH� ��V��

ρ�WKUHVKROG ���PP

Φ�WKUHVKROG ±����UDG

4XDQWL]DWLRQ�RI�YHORFLWLHV

$V�DOUHDG\�H[SODLQHG�LQ����������$OLFH�FDQ�QRW�SURYLGH�FRQWLQXRXV�YHORFLW\��)LUVW�� WKH
XVH� RI� D� PLFURFRQWUROOHU� LPSOLHV� D� GLVFUHWH� UHSUHVHQWDWLRQ� RI� YHORFLW\�� VHFRQG� WKH
VORZQHVV� RI� LQIUD�UHG� WUDQVPLVVLRQ� GRHV� QRW� DOORZ� D� JUHDW� QXPEHU� RI� YHORFLWLHV�
+HQFH��WKH�FRQWLQXRXV�YHORFLW\�SURYLGHG�E\�WKH�FRQWURO�ODZ�KDV�WR�EH�TXDQWL]HG�

6LQFH� WKHUH� DUH� �� VSHHGV� SOXV� ]HUR� VSHHG� DYDLODEOH�� WKUHH� WKUHVKROGV� QHHG� WR� EH
GHILQHG��7KLV�OHDGV�WR�WKH�IROORZLQJ�TXDQWL]DWLRQ�

)LJ�����4XDQWL]DWLRQ�RI�VSHHG

7KH�YDOXHV�RI�WKH�WKUHH�WKUHVKROGV�DUH�DV�IROORZV�

9� ��PP�V

9� ���PP�V

9� ���PP�V

7KLV� TXDQWL]DWLRQ� LV� WKH� VDPH� IRU� ERWK� IRUZDUG� DQG� EDFNZDUG� GLUHFWLRQ�� /LNHZLVH�
ULJKW� DQG� OHIW� YHORFLWLHV� DUH� VXEMHFW� WR� WKH� VDPH� TXDQWL]DWLRQ�� 7KLV� FDQ� OHDG� WR� DQ
XQGHVLUDEOH� EHKDYLRU� RI� WKH� URERW�� )RU� LQVWDQFH�� ZKHQ� LW� LV� VXSSRVHG� WR� PRYH
VWUDLJKWIRUZDUG�� LW� ZRXOG� FHUWDLQO\� GR� VR� ZLWK� D� FRQWLQXRXV� YHORFLW\�� EHFDXVH� WKH
GLIIHUHQFH� EHWZHHQ� OHIW� DQG� ULJKW� YHORFLW\� ZRXOG� EH� YHU\� OLWWOH�� :LWK� TXDQWL]HG
YHORFLWLHV��WKLV�VOLJKW�GLIIHUHQFH�FDQ�UHVXOW�LQ�GLIIHUHQW�VSHHG�YDOXHV�IRU�ULJKW�DQG�OHIW
ZKHHOV��ZKHQ� WKH�YHORFLW\� LV� MXVW�DURXQG�RQH�RI� WKH� WKUHVKROGV�� ,W� LV� WKHUHIRUH�QRW
SRVVLEOH�WR�REWDLQ�D�VPRRWK�WUDMHFWRU\�

7KLV� SKHQRPHQRQ� LV� SDUWLFXODUO\� DQQR\LQJ� DURXQG� WKH� WDUJHW� SRVLWLRQ�� %XW� WKH
SUREOHP�LV�UDWKHU�KDUG�WR�KDQGOH�LQ�PRWLRQ�FRQWURO��7R�DYRLG�IXUWKHU�GLIILFXOWLHV��RQH
KDG�EHWWHU�GHILQLQJ�UHDVRQDEOH�WDUJHW�SRVLWLRQV��ZKLFK�DUH�HDV\�WR�DFKLHYH�IURP�WKH
FXUUHQW�SRVLWLRQ��)RU�LQVWDQFH��WR�PRYH�DORQJ�WUDMHFWRULHV�VXFK�DV�QDUURZ�FLUFOHV��WKH
XVHU�LV�DGYLVHG�WR�GHILQH�LQWHUPHGLDU\�SRVLWLRQV�

2I�FRXUVH��LW�ZRXOG�KDYH�EHHQ�SRVVLEOH�WR�DGG�RQH�ELW�IRU�WKH�VSHHG�UHSUHVHQWDWLRQ�LQ
WKH� FRPPXQLFDWLRQ� SURWRFRO�� 7KLV� ZRXOG� KDYH� GRXEOHG� WKH� QXPEHU� RI� DYDLODEOH
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VSHHGV��DQG�WKHUHIRUH�D�VPRRWKHU�PRWLRQ�FRQWURO�ZRXOG�KDYH�EHHQ�SRVVLEOH��%XW�RQ
WKH� RWKHU� KDQG�� WKLV� ZRXOG� KDYH� LQFUHDVHG� WKH� OHQJWK� RI� WKH� SURWRFRO� E\� ��� ELWV�
ZKLFK�LV������a����PV���$�FKRLFH�KDG�WR�EH�PDGH��DQG�ZH�KDYH�RSWHG�IRU�WKH���ELWV
DQG�WKH�VKRUWHU�SURWRFRO��ZLWKRXW�HYHU�KDYLQJ�WHVWHG�WKH���ELW�YDULDQW�

'HSHQGHQF\�EHWZHHQ�WKUHVKROGV

$V�DOUHDG\�PHQWLRQHG�� WKH�EHKDYLRU� DW� WKH� WDUJHW� SRVLWLRQ� LV� SDUWLFXODUO\� LPSRUWDQW�
EXW� XQVWDEOH� XQGHU� FHUWDLQ� FLUFXPVWDQFHV�� ,Q� WKLV� FRQWH[W�� LW� H[LVWV� DQ� LPSRUWDQW
GHSHQGHQF\� EHWZHHQ� WKUHH� RI� WKH� FRQVWDQWV� GHVFULEHG� DERYH�� WKH� ORZHVW� YHORFLW\
WKUHVKROG�9���WKH�Φ�WKUHVKROG�DQG�NΦ�LQVLGH�WKH�WDUJHW�FLUFOH�

7KH�FDOFXODWHG�FRQWLQXRXV�YHORFLWLHV�IRU�ERWK�ZKHHOV�GHSHQG�RQ�NΦ��,I�NΦ�LV�WRR�KLJK�
RVFLOODWLRQV�ZLOO�RFFXU� LQ�WKH� WDUJHW�FLUFOH��7KLV�XSSHU� OLPLW� LV�EHWZHHQ���DQG�����V���
7KLV�OLPLW�LV�IL[�DQG�LV�JLYHQ�E\�WKH�V\VWHP¶V�G\QDPLFV��7KH�FDOFXODWHG�YHORFLW\�LV�VHW
WR� ]HUR� LI� LW� LV� EHORZ� WKH� 9�� WKUHVKROG�� 9�� FDQ� QRW� EH� VHW� WR� ORZ�� EHFDXVH� WKHQ
RVFLOODWLRQV�ZLOO�RFFXU�DV�ZHOO��7KXV��WKH�URERW�ZLOO�QRW�PRYH�DQ\PRUH�EHORZ�9���$QG
QRZ�FRPHV�WKH�LPSRUWDQW�ELW��YHORFLW\�FDQ�EH�VHW�WR�]HUR�HYHQ�LI�WKH�DQJOH�Φ� LV�VWLOO
RXWVLGH�WKH�PDUJLQ�GHILQHG�E\�WKH�Φ�WKUHVKROG��+HQFH��WKH�YHORFLW\�WKUHVKROG�9��KDV
WR�EH�GHVLJQHG�LQ�RUGHU�WR�UHVSHFW�WKH�Φ�WKUHVKROG�DW�DQ\�WLPH�

$�GHSHQGHQF\�RI�WKH�VDPH�NLQG�H[LVWV�RXWVLGH�WKH�WDUJHW�FLUFOH�EHWZHHQ�Nρ�DQG�WKH
RWKHU�YHORFLW\�WKUHVKROGV�9��DQG�9��

'LIILFXOWLHV

7KH�OLQHDU�PRWLRQ�FRQWURO�ODZ�GHVFULEHG�DERYH�LV�QRW�WKDW�VLPSOH�WR�LPSOHPHQW�LQ�WKH
FDVH�RI�$OLFH��)LUVW�RI�DOO�WKLV�FRQWURO�ODZ�LV�QRW�DEOH�WR�PDQDJH�DQ\�SRVVLEOH�VLWXDWLRQ
FRUUHFWO\�� ,Q� RWKHU� WHUPV�� WKHUH�DUH� VHYHUDO� VSHFLDO� VLWXDWLRQV� RI� FXUUHQW� DQG� WDUJHW
SRVLWLRQV��ZKHUH�WKH�FRQWURO�YDULDEOHV�EHKDYH�H[DFWO\�WKH�RSSRVLWH�ZD\�RI�ZKDW�WKH\
VKRXOG��%XW� LQ�D�VWDQGDUG�VLWXDWLRQ� WKH�VDPH�GHILQLWLRQ�RI� WKHVH�YDULDEOHV�ZLOO�ZRUN
FRUUHFWO\�

,I�RQH�WULHV�WR�LPSURYH�WKH�PRWLRQ�FRQWURO�FRQVWDQWV�IRU�WKH�QRUPDO�VLWXDWLRQ��WKLV�ZLOO
DXWRPDWLFDOO\�PDNH�ZRUVH�D�VSHFLDO�FDVH��7KXV��RQH�KDV�WR�HLWKHU�WUHDW�HYHU\�VSHFLDO
FDVH��ZKLFK�FDQ�EH�TXLWH�FRPSOH[��2U�WKH�FRQVWDQWV�KDYH�WR�EH�DGMXVWHG�LQ�RUGHU�WR
PDNH�WKH�VSHFLDO�FDVH�EHKDYH�QRW�WR�EDG��EXW�WKH�QRUPDO�FDVH�QRW�VR�SHUIHFWO\�ZHOO�
7KLV�LV�ZKDW�ZH�KDYH�GRQH�

7KHUH�DUH�VHYHUDO�UHDVRQ��ZK\�LQ�WKH�FDVH�RI�$OLFH��D�VSHFLDO�VLWXDWLRQ�LV�PRUH�OLNHO\�WR
RFFXU�

• 7KH� V\VWHP¶V� IUHTXHQF\�� ZKLFK� LV� VXEMHFW� WR� YDULDWLRQV� DQG� ZKLFK� FDQ� EH
UDWKHU�ORZ

• 7KH�WLPH�GHOD\�EHWZHHQ�UHDO�ZRUOG�DQG�IHHGEDFN�WR�WKH�URERW

• $QJOH�LPSUHFLVLRQV

• 9DULDWLRQ�RI�WKH�GXUDWLRQ�RI�DOO�LPSOLHG�SURFHVVHV

• 4XDQWL]DWLRQ�RI�YHORFLW\

7KLV�PDNHV�WKH�DGMXVWPHQW�RI�DOO�SDUDPHWHUV�QRW�DQ�HDV\�WDVN�DW�DOO�
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$FFHOHUDWLRQ�UDPSV

7KH� PRWRUV� RI� $OLFH� WHQG� WR� EORFN� ZKHQ� VSHHG� SDVVHV� GLUHFWO\� IURP� EDFNZDUG� WR
IRUZDUG� DQG� LQYHUVHO\�� 7KHUHIRUH� D� VSHHG� FKDQJH�� ZKLFK� FKDQJHV� WKH� VLJQ� LV� QRW
GLUHFWO\�H[HFXWHG�E\� WKH�PRWLRQ� FRQWURO�� ,I� WKLV� VLWXDWLRQ�RFFXUV�� VSHHG� ]HUR� LV� ILUVW
VHQW�WR�$OLFH��2QO\�WKH�QH[W�WLPH��WKH�UHTXHVWHG�VSHHG�ZLOO�EH�VHQW�WR�$OLFH�
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� 7+(�&20387(5�5(6285&(6

��� 2UJDQL]DWLRQ�RI�FRPSXWHU�UHVRXUFHV

2QH� RI� WKH� JUHDW� FKDOOHQJHV� RI� RXU� SURMHFW� LV� WR� SXW� WRJHWKHU� D� ORW� RI� GLIIHUHQW
FRPSXWHU�UHVRXUFHV�DQG�SURJUDPV�

)LUVW� RI� DOO�� ZH� KDYH� WR� FDSWXUH� DQ� LPDJH� RI� WKH� ILHOG� LQ� RUGHU� WR� FDWFK� WKH
FXUUHQW�SRVLWLRQ�RI�WKH�SOD\HUV�DQG�WKH�EDOO� �)RU�WKLV�WDVN��ZH�FKRVH�DQ�H[LVWLQJ

SURJUDP�ZULWWHQ�E\�5HP\
%ODQN�� &236�� ZKLFK� LV
FDSDEOH� RI� SURFHVVLQJ� D
GLJLWDO�LPDJH�DQG�ILOWHULQJ
RXW� FRORU� EOREV�� 7KLV
³&RORU� 2EMHFW� 3RVLWLRQ
6HUYHU´� FDQ� GLVWULEXWH� LWV
GDWD� YLD� D� 7&3�,3
FRQQHFWLRQ�� ZKLFK
UHSUHVHQWV� D� JUHDW
RSSRUWXQLW\� IRU� XV� WR
HDVLO\� REWDLQ� WKH� SRVLWLRQ
RI� WKH� SOD\HUV� LQ� DQRWKHU
VHOI�ZULWWHQ� SURJUDP�� 2Q
WKH� RWKHU� KDQG� DQG
XQIRUWXQDWHO\�� &236� KDV
EHHQ� ZULWWHQ� IRU� KLJK
TXDOLW\� IUDPH� JUDEEHUV�
ZKLFK� DUH� WRR� H[SHQVLYH
IRU�WKLV�SURMHFW��+HQFH�ZH
WRRN� WKH� GHFLVLRQ� WR
DGDSW� &236� WR� JUDE
LPDJHV� IURP� D� VWDQGDUG
86%�YLGHR�FDPHUD��VHH��
�������

$IWHU� WKDW�� ZH� KDYH� WKH
FRQWURO�RI���URERWV��7KLV�WDVN�UHTXLUHV�D�56����FRPPXQLFDWLRQ�FKDQQHO��0RUHRYHU�
ZH�KDYH�WR�LPSOHPHQW�WKLV�FRQWURO�LQ�D�SHUPDQHQW�ORRS��ZKLFK�WDNHV�WKH�SDUDPHWHUV
IURP�&236�VHUYHU�DQG� UHDFWV� LQ�VHQGLQJ�VSHHG� LQIRUPDWLRQ� IRU�HDFK�ZKHHO�RI� HDFK
URERW��DQG�DOO�WKDW�LQ�WKH�PRVW�OLPLWHG�SHULRG��VHH��������

$QG�ILQDOO\��WZR�FOLHQWV�RU�XVHUV��RQH�SHU�WHDP��VKRXOG�EH�DEOH�WR�LQWHUDFW�ZLWK�WKH
URERW� FRQWURO� SURFHVV�� :H� ZDQW� WR� PDLQWDLQ� D� IXOO� LQWHURSHUDELOLW\� DQG� D� JUHDW
IOH[LELOLW\� LQ� WKH�SRVVLELOLWLHV� IRU� WKH�XVHUV� WR� LPSOHPHQW� WKHLU�RZQ�SURJUDPV� IRU� WKH
WHDP�PDQDJHPHQW��7KHUHIRUH��ZH�DOVR�RSWHG�IRU�D�7&3�,3�FRPPXQLFDWLRQ�EHWZHHQ
XVHUV�DQG�WKH�PDLQ�SURJUDP�

7R�VXP�XS��ZH�KDYH�&236��ZKLFK�WDNHV�LPDJHV�RI�WKH�ILHOG�VLWXDWLRQ��SURFHVVHV�WKHP
DQG� FRPPXQLFDWHV� YLD� 7&3�,3� ZLWK� WKH�PDQDJHU�� ³$OLFH� 6RFFHU� 0DQDJHU´� RU� $60�
7KLV�SURJUDP�FRQWDLQV�VHYHUDO�WDVNV�RU�SURFHVVHV�UXQQLQJ� LQ�SDUDOOHO �� ,Q� IDFW�
ZH�KDYH���WKUHDGV�LQ�UXQQLQJ�FRQGLWLRQV��)LUVW��ZH�QHHG�D�WKUHDG�WKDW�PDLQWDLQV�WKH
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FRPPXQLFDWLRQ� ZLWK� &236�� DQG� SUHSDUHV� WKH� FXUUHQW� SRVLWLRQV� IRU� ZULWLQJ� WKHP� LQ
VKDUHG�PHPRU\�� 7KHQ�ZH� KDYH� D� WKUHDG� IRU� WKH� URERW� FRQWURO�� ZKLFK� UHDGV� WKH
XVHUV¶�ZKLVKHV��DOVR�VWRUHG�LQ�VKDUHG�PHPRU\���7KHQ��ZKHQ�D�XVHU�FRQQHFWV�WR�$60�
D�QHZ�WKUHDG��ZKLFK�LV�GHGLFDWHG�WR�WKLV�XVHU��LV�DXWRPDWLFDOO\�ODXQFKHG��7KLV�WKUHDG
WDNHV�FDUH�RI�LQIRUPLQJ�LWV�XVHU�DERXW�WKH�FXUUHQW�SRVLWLRQV�RI�DOO�SOD\HUV�DQG�WKH�EDOO�
,W�LV�DOVR�UHVSRQVLEOH�IRU�ZULWLQJ�WKH�XVHU¶V�FRPPDQGV�LQ�VKDUHG�PHPRU\�LQ�RUGHU�WR
LQIRUP�WKH�FRQWURO� WKUHDG�RI� WKH�FOLHQW�ZKLVKHV��2I�FRXUVH�� WKHUH� LV�RQH� WKUHDG� OLNH
WKLV�IRU�HDFK�XVHU�WKDW�PDQDJHV�D�WHDP�

,Q�EULHI�DQG�IRU�VLPSOLI\LQJ��$60�FRQWDLQV�WKH���IROORZLQJ�SURFHVVHV�UXQQLQJ�WRJHWKHU�

• $OLFH�WKUHDG��7$OLFHV

• &236�WKUHDG��7&236

• �[�8VHU�WKUHDGV��78VHU��RQH�SHU�WHDP�

)RU�D�PRUH�FRPSOHWH�RYHUYLHZ�RI�WKLV�FRPSOH[�RUJDQL]DWLRQ��\RX�VKRXOG�WDNH�D�ORRN
DW�DSSHQGL[�����

7KHQ�� IRU� WKH� XVHU� SURJUDP� VLGH�� ZH� GR� QRW� ZDQW� WR� JR� PRUH� LQ� GHSWK� IRU� WKH
PRPHQW�� 2XU� 7&3�,3� VHUYHU�� $60�� SURYLGHV� D� YHU\� KLJK� IOH[LELOLW\� IRU� WKH
GHYHORSPHQW�RI�D�WHDP�PDQDJHU�SURJUDP��DQG�ZH�KDYH�PDGH�DQ�H[DPSOH�LQ���������

��� &RORU�REMHFW�SRVLWLRQ�VHUYHU��&236�

����� :KDW�LV�&236"

)LJ�����&236�XVHU�LQWHUIDFH



6HPHVWHU�SURMHFW 6RFFHU�$OLFH

��

&236�LV�DQ�DFURQ\P�IRU�&RORU�2EMHFW�3RVLWLRQ�6HUYHU��,W�KDV�EHHQ�ZULWWHQ�LQ�'HOSKL�E\
5HP\�%ODQN�IRU�DQRWKHU�SURMHFW��³5RE2Q:HE´��$V�VDLG�DERYH��WKLV�SURJUDP�LV�FDSDEOH
RI� JUDEELQJ� DQG� SURFHVVLQJ� GLJLWDO� LPDJHV�� ILQGLQJ� RXW� FRORU� EOREV�� SURFHVVLQJ
WKHLU�SRVLWLRQV�DQG�VKDULQJ�WKRVH�SDUDPHWHUV�YLD�7&3�,3�

8QIRUWXQDWHO\��&236�KDV�EHHQ�ZULWWHQ�IRU�KLJK�TXDOLW\�IUDPH�JUDEEHUV�±�DV�0DWUR[�±
ZKLFK�DUH�WRR�H[SHQVLYH�IRU�WKLV�SURMHFW��+HQFH�ZH�WRRN�WKH�GHFLVLRQ�WR�DGDSW�&236
IRU�JUDEELQJ�LPDJHV�IURP�D�VWDQGDUG�86%�YLGHR�FDPHUD�

1RWH�WKDW� LW� LV�QRW�RXU�DLP�WR�PDNH�DQ� LQ�GHSWK�FRYHUDJH�RI�&236�RU�HYHQ�D�³XVHU
PDQXDO´�� EHFDXVH� ZH� DUH� QRW� WKH� DXWKRUV� RI� WKLV� XVHIXO� SURJUDP�� 6LQFH� ZH� KDYH
PDGH�VRPH�FKDQJHV�OLNH�86%�YLGHR�FDPHUD�RU�WUDFNLQJ��ZH�ZLOO�RQO\�SXW�WKHVH�SDUWV
LQ�WKH�SUHVHQW�UHSRUW��0RUHRYHU�ZH�XVH�WKH�7&3�,3�FRQQHFWLRQ��VR�ZH�ZLOO�GHVFULEH�LWV
SURWRFRO�LQ�WKH�QH[W�SDUDJUDSK�

����� 7&3�,3�FRQQHFWLRQ�ZLWK�&236

&236�KDV�DQ�LQWHJUDWHG�7&3�,3�VHUYHU��ZKLFK�DOORZV�XV�WR�REWDLQ�WKH�QHFHVVDU\�GDWD�
7KLV�VHUYHU�OLVWHQV�RQ�SRUW�������,W�ZDLWV�IRU�D�UHTXHVW�DQG�VHQGV�EDFN�]HUR��RQH�RU
PRUH�UHSOLHV�

5HTXHVWV�

8S�WR�QRZ��ZH�KDYH���W\SHV�RI�UHTXHVWV�

• LG%ORE'DWD� ���
• LG,PDJH� ���
• LG5RE,PDJH� ���
• LG7LPH6WDPS� ���
• LG*HW3URSHUW\� ���
• LG6HW3URSHUW\� ���
• LG/LVW3URSHUWLHV� ���
• LG5HVHW3RVLWLRQ� ���

EXW�RQO\���DUH�XVHIXO� IRU�RXU�DSSOLFDWLRQ�� WKH�FRRUGLQDWHV� UHTXHVW� �,' ���� WKH� WLPH
VWDPS�UHTXHVW��,' ���DQG�WKH�UHVHW�SRVLWLRQ�UHTXHVW��,' ���

(DFK� UHTXHVW� EHJLQV� ZLWK� DQ� ³LQW��´� �RU� D� ³ORQJ´�� ZKLFK� VSHFLILHV� WKH� VL]H� RI� WKH
UHTXHVW� ZLWKRXW� WKH� VL]H� RI� WKH� ³6L]H´� YDULDEOH�� $IWHU� WKDW�� ZH� KDYH� DQ� ³LQW��´
FRQWDLQLQJ�WKH�UHTXHVW¶V�LGHQWLILHU��DQG�ILQDOO\��WKH�SDUDPHWHUV�RI�WKH�UHTXHVW�

+HUH�\RX�KDYH�WKH�FRRUGLQDWHV�UHTXHVW��,' ���

struct TMBlobData
{
  int32 MsgSize;   // = sizeof(TMBlobData)-sizeof(MsgSize)
  int32 ID;        // = 0
  int32 Period;
  int32 nFrames;
  uint16 BlobData; // = 11
  int32 Format;
};

³3HULRG´� GHILQHV� WKH� SHULRG� DW�ZKLFK� WKH� FRRUGLQDWHV� DUH� VHQW� �D� YDOXH� RI� �� !� �
LPDJH�HYHU\�WZR�FDSWXUHV��
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³Q)UDPHV´�UHSUHVHQWV�WKH�QXPEHU�RI�LPDJHV�WKDW�ZLOO�EH�SURYLGHG�DV�D�UHSO\��,Q�$60�
³3HULRG ��DQG�Q)UDPHV �´� LV�XVHG� LQ�RUGHU� WR�FRQWURO�HDFK� UHTXHVW�RI� FRRUGLQDWHV
DQG�WR�NQRZ�ZKHQ�ZH�ZLOO�UHFHLYH�D�UHSO\�

³%ORE'DWD´�GHILQHV�ZKLFK�GDWD�ZLOO�EH�VHQW�EDFN�IRU�HDFK�REMHFW��,W¶V�D�ELW�ILHOG�ZKHUH
HYHU\� ELW� UHSUHVHQWV� D� IODJ� WKDW� GHWHUPLQHV� LI� D� SDUWLFXODU� GDWD� LV� VHQW� RU� QRW�� 7KH
LQWHUHVWLQJ�YDOXHV�IRU�XV�DUH�

• %LW����;�FRRUGLQDWH�LQ�SL[HO

• %LW����<�FRRUGLQDWH�LQ�SL[HO

• %LW����$QJOH�LQ�UDGLDQ

³)RUPDW´�GHILQHV�WKH�IRUPDW�RI�WKH�UHWXUQHG�YDOXHV��7KH�RQO\�XVHG�YDOXH�LV���DQG�WKH
FRRUGLQDWHV�DUH�VHQW�LQ�IORDW�����ELWV��YDULDEOHV�

)RU�WKH�WLPH�VWDPS�UHTXHVW��ZH�KDYH�

struct TMTimeStamp
{
  int32 MsgSize;  // = sizeof(TMTimeStamp)-sizeof(MsgSize)
  int32 ID;       // = 3
  int32 OnOff;
};

7KLV� UHTXHVW� SURGXFHV� QR� UHSO\�� ,W� MXVW� DGGV� WKH� WLPH� VWDPS� LQIRUPDWLRQ� WR� WKH
QRUPDO�FRRUGLQDWHV�UHSO\�

7KH� WKLUG� XVHIXO� UHTXHVW� LV� WKH� UHVHW� SRVLWLRQ� UHTXHVW�� ZKLFK� ZDV� LPSOHPHQWHG
VSHFLILFDOO\� IRU� WKLV� SURMHFW�� ,WV� VLPSOH� DFWLRQ� LV� WR�PDNH� D� UHVHW� RI� WKH� ,'� DQG� WKH
GLUHFWLRQ�IRU�HDFK�URERW��DW�WKH�EHJLQQLQJ�RI�WKH�JDPH��VHH����������

struct TMResetPosition
{
  int32 MsgSize; // = sizeof(TMResetPosition)-sizeof(MsgSize)
  int32 ID;      // = 7
};

,W�HLWKHU�SURYLGHV�QR�UHSO\�

5HSOLHV�

7KH� UHSOLHV�DOVR�EHJLQ�ZLWK�DQ� ³LQW��´�ZKLFK�JLYH� WKH� VL]H�RI� WKH� UHSO\�ZLWKRXW� WKH
VL]H�RI�³6L]H´��7KHQ�IROORZV�WKH�LGHQWLILHU�RI�WKH�FRUUHVSRQGLQJ�UHTXHVW�DQG�WKH�GDWD
RI�WKH�UHSO\��,Q�IDFW�� WKH�IRXU�E\WHV�RI�WKH�LGHQWLILHU�ZLOO�FRQWDLQ�D�UHTXHVW�,'�DQG�D
UHSO\�VXE�,'�EXW�ZH�DUH�QRW�LQWHUHVWHG�LQ�WKLV�GHWDLO��)RU�WKH�UHTXHVW�QXPEHU����WKH
FRRUGLQDWHV�UHTXHVW���ZH�ZLOO�REWDLQ�

struct TABlobData
{
  int32 MsgSize; // =sizeof(TABlobData)-sizeof(MsgSize)
  int32 ID;      // = (0 << 16) + Format
  int32 TimeStamp; //  if required with TMResetPosition
  int32 Count;
  uint16 RecSize;
  uint16 BlobData;
  struct TObjData
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  {
    float X, Y, Theta;
  } Blobs[];
};

³7LPH6WDPS´�JLYHV�WKH�WLPH��LQ�PLOOLVHFRQGV��ZKHQ�WKH�LPDJH�ZDV�JUDEEHG�

³&RXQW´�JLYHV�WKH�QXPEHU�RI�REMHFWV�FRQWDLQHG�LQ�UHSO\��)RU�RXU�DSSOLFDWLRQ��$60��ZH
DOZD\V�KDYH�VHYHQ�REMHFWV�

³5HF6L]H´�JLYHV�WKH�VL]H�RI�RQH�REMHFW��³VL]HRI�72EM'DWD�´�

³%ORE'DWD´�LV�WKH�VDPH�ELW�ILHOG�DV�LQ�WKH�UHTXHVW�

³%OREV>@´� LV� DQ� DUUD\� FRQWDLQLQJ� D� VWUXFWXUH� IRU� HDFK� REMHFW�� 7KH� DERYH� VSHFLILHG
FRUUHVSRQGV�WR�³%ORE'DWD´ ����DV�VHHQ�EHIRUH�

1RWH�

<RX�ZLOO�ILQG�QR�DSSHQGL[�RI�WKH�FRGH�RI�WKLV�VHUYHU�EHFDXVH�ZH�KDYH�QRW�PRGLILHG�LW
GXULQJ�RXU�SURMHFW��:H�MXVW�XVH�LW��OLNH�WKH�XVHUV�ZLOO�XVH�$60��:H�MXVW�KDYH�WR�NQRZ
WKH�JOREDO�DUFKLWHFWXUH�DQG�SURWRFRO�

����� ,QWHJUDWLRQ�RI�86%�YLGHR�FDPHUD

6LQFH�LW�ZDV�D�MRE�PDGH�GXULQJ�RXU�VXPPHU�ZRUN�H[SHULHQFH��ZH�GRQ¶W�ZDQW�WR�JLYH
D�GHWDLOHG�DFFRXQW�RI� WKLV� VXEMHFW��+RZHYHU�� LW� LV�JRRG� WR�PHQWLRQ� VRPH� LPSRUWDQW
SRLQWV�

:H�VSHQW�D�ORW�RI�WLPH�GXULQJ�WKH�VXPPHU�LQ�WU\LQJ�WR�XQGHUVWDQG�KRZ�WR�LQWHUYHQH
LQ� WKH� IUDPHV� VWUHDP� EHWZHHQ� 86%� YLGHR� FDPHUD� DQG� WKH� VFUHHQ�� (YHQWXDOO\�� WKH
³9LGHR� IRU�:LQGRZV´� �9I:�� WHFKQRORJ\�ZDV� FKRVHQ�� 7KHQ�ZH�GHULYHG� D� FODVV� IURP
WKH�H[LVWLQJ�³*UDEEHU´�FODVV�IURP�&236��LQWHJUDWLQJ�9I:�LQ�'HOSKL�FRGH��<RX�FDQ�ILQG
WKLV�FODVV�LQ�DSSHQGL[�������

:LWK�WKH�86%�YLGHR�FDPHUD��ZH�REWDLQ�DQ�DYHUDJH�IUDPH�IUHTXHQF\�RI�DERXW���
)36�DJDLQVW����)36�ZLWK�D�JRRG�IUDPH�JUDEEHU�DQG�D�DQDORJ�YLGHR�FDPHUD�

����� &DPHUD�VHWWLQJV�DQG�FRORU�UHFRJQLWLRQ

7KHUH�DUH�PDLQO\�WZR�OHYHOV�RI�VHWWLQJV�LQ�WKH�LPDJH�SURFHVVLQJ�V\VWHP��7KH�ILUVW�RQH
UHVLGHV�LQ�WKH�GLDORJ�ER[�³9LGHR�VRXUFH´�RI�WKH�FDPHUD��7KH�VHFRQG�RQH�LV�WKH
³VFDQQHU�VHWWLQJV´�ER[�RI�&236�

:H� ILUVW� KDYH� WR� FRQIHVV� WKDW� RXU� VROXWLRQ�� KHUH�� LVQ¶W� VR� JRRG�� EHFDXVH� LW� LV� D
WHPSRUDU\�VROXWLRQ��)LUVW�RI�DOO��LI�VXFK�D�FRPSOH[�V\VWHP�ZDV�GHOLYHUHG�WR�VWXGHQWV��LW
ZRXOG� FHUWDLQO\� QRW� EH� D� JRRG� LGHD� WR� OHW� WKHP� KDYH� DFFHVV� WR� WKHVH� VHWWLQJV�� ,W
ZRXOG�EH�EHWWHU� WR� LPSOHPHQW��GLUHFWO\� LQ�&236��D�PRGXOH��ZKLFK� WULHV� WR� YDU\� WKH
GLIIHUHQW� SDUDPHWHUV�� XQWLO� LW� ILQGV� D� PDWFK� EHWZHHQ� D� FRORU� UHFWDQJOH� RQ� WKH
SOD\JURXQG�DQG�D� UHIHUHQFH��+RZHYHU�� WKLV�ZDV�QRW� WKH� DLP� RI� WKLV� SURMHFW�� VR�ZH
IRXQG� D� WHPSRUDU\� VROXWLRQ� LQ� RUGHU� WR� PDQXDOO\� DGMXVW� WKH� LPDJH� SURFHVVLQJ
SDUDPHWHUV�
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9LGHR�VRXUFH

7KLV�GLDORJ�ER[��ZKLFK�FRPHV�IURP�9I:�RU�GLUHFWO\� IURP�WKH�GULYHU�� LV�DXWRPDWLFDOO\
RSHQHG�RQ�WKH� ODXQFK�RI�&236��2QH�FDQ�DGMXVW�KHUH� WKH�YLGHR�FDPHUD�VHWWLQJV�� ,Q
IDFW��LW�LV�SUHIHUDEOH�WR�DOZD\V�NHHS�WKH�VDPH�YDOXHV��ZKLFK�ZHUH�ILQHO\�FKRVHQ�DW�WKH
EHJLQQLQJ��DFFRUGLQJ�WR�WKH�FRORU�RI�WKH�ILHOG�DQG�RI�WKH
SOD\HUV��&XUUHQWO\�� H[DFWO\� WKH� VHWWLQJV� WKDW�DUH� RQ� WKH
DERYH�VFUHHQ�VKRW�DUH�XVHG�

6FDQQHU�VHWWLQJV

,Q� &236�� \RX� FDQ� ILQG� WKLV� VFDQQHU� VHWWLQJV� LQ� WKH
³6HWWLQJV´�PHQX�

7KLV� GLDORJ� ER[� DOORZV� WR� VHOHFW� WKH� UDQJH� RI� SL[HO
FRORUV� WKDW� ZLOO� EH� LQWHUSUHWHG� DV� RQH� W\SH� RI
REMHFW� �SOD\HUV� RU� EDOO��� 7KHVH� VHWWLQJV� DUH� UHODWLYHO\
GLIILFXOW� WR� VHW� DQG� YHU\�GHSHQGHQW�RQ� WKH�DPELHQW
OLJKW�DQG�VKDGH�]RQHV�

7KLV�WRRO�DOVR�GHWHUPLQHV� WKH�³ZURQJ�FRORUV´�DWWULEXWHG
WR�HDFK�REMHFW��7KDW�ZD\��ZH�FDQ�HDVLO\�UHFRJQL]H�ZKLFK
SL[HOV�KDYH�EHHQ�LQWHUSUHWHG�DV�EHLQJ�SDUW�RI�WKH�VDPH
UDQJH�RI�FRORU�

)LJ�����9LGHR�VRXUFH�GLDORJ�ER[

)LJ�����&RORU�EORE�VFDQQHU�VHWWLQJV
�
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)LJ�����&236�LPDJH��OHIW��ZLWKRXW�ZURQJ�FRORU�PDVN��ULJKW��ZLWK�ZURQJ�FRORU�PDVN�

+HUH�EHORZ��\RX�FDQ�VHH�WKH�QRUPDO�LPDJH��RQ�WKH�OHIW��DQG�WKH�VDPH�LPDJH��RQ�WKH
ULJKW��ZLWK�WKH�PDVNV�RI�ZURQJ�FRORUV�

7KH�FKRLFH�RI�WKH�FRORU�LV�YHU\�LPSRUWDQW��7KH\�KDYH�WR�FOHDUO\�VWDQG�RXW�LQ�RUGHU�WR
EH�ZHOO�LQWHUSUHWHG�E\�&236�

����� 2EMHFW�WUDFNLQJ

,Q� LWV� RULJLQDO� YHUVLRQ�� &236� ZDV� QRW� DEOH� WR� WUDFN� REMHFWV� EHFDXVH� LW� ZDV� QRW
QHFHVVDU\��HDFK�REMHFW�KDG�D�GLIIHUHQW�FRORU��1RZ��ZH�KDYH���WHDPV��HDFK�FRQVLVWLQJ
RI� �� URERWV� RI� WKH� VDPH� FRORU�� 7KXV�ZH�KDYH��� REMHFWV� �ZLWK� WKH� EDOO�� DQG� RQO\� �
FRORUV�� 7KHUHIRUH� ZH� LPSOHPHQWHG� D� WUDFNLQJ� PRGXOH� GLUHFWO\� LQ� &236� �VHH
DSSHQGL[���������0RUHRYHU�ZH�KDG�WR�GHWHUPLQH�DQ�LQLWLDO�SRVLWLRQ�IRU�HDFK�URERW� LQ
RUGHU�WR�JLYH�WKHP�WKH�FRUUHFW�LGHQWLILHU��DW�WKH�EHJLQQLQJ��VHH����������

1RWH� WKDW�&236�DOUHDG\� FRQWDLQHG�DQ�DQJOH� WUDFNLQJ��2I� FRXUVH�� WKH� IRUP�RI� WKH
FRORU� SDWFKHV� JOREDOO\� GHWHUPLQHV� WKH� DQJOHV�� %XW� &236� KDV� WR� WUDFN� WKH� GLUHFWLRQ
EHFDXVH� WKH� UHFWDQJOH� GRHVQ¶W� JLYH� LW�� ,QGHHG�� LI� ZH� WDNH� WKH� RULHQWDWLRQ� RI� D
UHFWDQJOH�PDLQ�D[LV��ZH�KDYH�WZR�SRVVLELOLWLHV�WR�DWWULEXWH�DQ�DQJOH�WR�LW���������
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)LJ�����,QLWLDO�SRVLWLRQV�RQ�WKH�ILHOG

$W�WKH�EHJLQQLQJ�RI�D�JDPH��WKH�LGHQWLILHUV�RI�WKH�URERWV�DQG�WKHLU�GLUHFWLRQV�KDYH�WR
EH� GHWHUPLQHG�� 7KHUHIRUH� DQ� LQLWLDO� SRVLWLRQ� IRU� HDFK� SOD\HU� LV� GHILQHG�� (DFK� WHDP
PXVW�EH�RQ�LWV�VLGH�RI�WKH�ILHOG�DQG�HDFK�SOD\HU�LV�LQ�GLUHFWLRQ�RI�WKH�RSSRVLWH�WHDP�
7KXV� WKH� ,'�FDQ�EH�DWWULEXWHG�� ,'��� �IRU�\�PLQ�����DQG��� �IRU� \�PD[�� IRU� WKH�EOXH
WHDP������RQ�WKH�OHIW�VLGH�DQG���������IRU�WKH�UHG�WHDP��QXPEHU����RQ�WKH�ULJKW�VLGH�

7KH�EDOO�DOZD\V�KDV�WKH�,'���

7KXV�� LQ� RXU�PRGXOH�� RQ� WKH� UHVHW� HYHQW�� REMHFWV� DUH� ILUVW� RUGHUHG� E\� FRORU� �EOXH�
!UHG�!ZKLWH��DQG�WKHQ�DFFRUGLQJ�WR�<�FRRUGLQDWHV�

+HUH��\RX�FDQ�VHH�DQ�LPDJH�WDNHQ�E\�&236��MXVW�DIWHU�D�UHVHW�

)LJ�����,QLWLDO�SRVLWLRQ
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��� 7KH�VHUYHU�SURJUDP��$OLFH�6RFFHU�0DQDJHU

����� *HQHUDO�FRQVLGHUDWLRQV
7KLV� SURJUDP� KDV� WR� VLPXOWDQHRXVO\� KDQGOH� D� ORW� RI� WDVNV�� FRQWUROOLQJ� WKH� URERWV�
FRPPXQLFDWLQJ�ZLWK�&236��DQG� WDNLQJ� FDUH�RI� WKH�XVHUV��6LQFH� WKH� FRPSOH[LW\�DQG
LQWHUFRQQHFWLYLW\� RI� WKHVH� WDVNV� DUH� LPSRUWDQW�� ZH� GHOLEHUDWHO\� RSWHG� IRU� DQ
DV\QFKURQRXV� DUFKLWHFWXUH� ZLWK� D� VKDUHG� PHPRU\� LQ� LWV� FHQWHU�� 7KHUH� LV� D
WKUHDG� IRU� HDFK� WDVN�� ZKLFK� UXQV� VHSDUDWHO\� DQG� WDNHV� WKH� UHTXLUHG� YDOXHV� IURP
VKDUHG�PHPRU\��7KLV�PHPRU\�LV�XSGDWHG�E\�GLIIHUHQW�WKUHDGV�DV�ZHOO�

6LQFH�$60�PDQDJHV�7&3�,3� FRQQHFWLRQV�� LW� LV� LPSRUWDQW� WR� NQRZ� WKDW� WKH�GDWD�ZLOO
WUDQVLW�WKURXJK�WKHVH�FKDQQHOV�LQ�IRUP�RI�VXFFHVVLYH�E\WHV��$60�KDV�EHHQ�ZULWWHQ�RQ
D� :LQGRZV� SODWIRUP�� 7KHUHIRUH� ZH� XVH� DQ� ,QWHO� IRUPDW� ZKLFK� PHDQV�� WKH� PRVW
VLJQLILFDQW�E\WH�LV�ILUVW�

,Q�WKH�IROORZLQJ��ZH�SDLG�DWWHQWLRQ�WR�WKH�FRPSDWLELOLW\�EHWZHHQ�WKH�PHPRU\�IRUPDW
DQG�WKH�73&�,3�IRUPDW�LQ�RUGHU�WR�KDYH�WKH�SRVVLELOLW\�RI�VLPSO\�SXWWLQJ�D�SRLQWHU�WR�D
VWUXFWXUH�LQWR�7&3�,3�IXQFWLRQV��)RU�H[DPSOH��ZH�RQO\�XVH�W\SHV�ZKLFK�WDNH�DQ�HYHQ
QXPEHU�RI�E\WHV�LQ�RUGHU�WR�DYRLG�XQXVHG�VSDFH�LQ�PHPRU\�

• /RQJ��RU�LQW�����LQWHJHU�RQ���E\WHV

• IORDW��UHDO�RQ���E\WHV

7KLV�DOORZV�WKH�XVH�RI�WKH�ZHOO�NQRZQ�³VL]HRI��´�&���IXQFWLRQ�WR�FDOFXODWH�WKH�VL]H�RI
SDFNDJHV�WKDW�ZLOO�EH�VHQW�WKURXJK�7&3�,3�

1RWH� WKDW� LQ� WKH� IROORZLQJV� WKH�QDPH�RI� ³UHTXHVW´� DQG� ³UHSO\´� DUH� UHODWHG� WR� FOLHQW
DQG� VHUYHU� QRWLRQV�� 7KH� FOLHQW� VHQGV� ³UHTXHVWV´� WR� WKH� VHUYHU�� 7KH� VHUYHU� VHQGV
³UHSOLHV´�EDFN�WR�WKH�FOLHQW�

����� $OLFH�WKUHDG
7KH�WDVN�RI�WKH�$OLFH�WKUHDG�LV�WR�PDQDJH�WKH�FRPPXQLFDWLRQ�ZLWK�WKH�URERWV
RQ�WKH�ILHOG���,W�XSGDWHV�WKH�FXUUHQW��SURYLGHG�E\�&236�WKUHDG��DQG�WDUJHW��SURYLGHG
E\�8VHU�WKUHDG��SRVLWLRQV�LQ�WKH�FODVV��ZKLFK�PDQDJHV�WKH�PRWLRQ�FRQWURO��$OLFH&WUO��
7KH�YDOXHV�DUH�UHDG�LQ�VKDUHG�PHPRU\��7KHQ�LW�H[HFXWHV�WKH�PRWLRQ�FRQWURO�DQG�WKH
WUDQVPLVVLRQ�RI�WKH�VSHHGV�WR�$OLFH��6LQFH�WKH�VSHHGV�DUH�VHQW�WR�DOO�URERWV�DW�RQFH���
E\WHV�� ����ELWV���FRQWDLQLQJ�DOO�VSHHGV��DUH�VHQW�WR�WKH�UHPRWH�FRQWURO��2QO\����RI
WKH����ELWV�DUH�XVHG��7KLV�LV�XQDYRLGDEOH�VLQFH�WKH�56����SURWRFRO�RQO\�DOORZV�HQWLUH
E\WHV� WR�EH�VHQW��7KH� ORVV�RI� WLPH� LV�QHJOLJLEOH�DQ\ZD\��3OHDVH�UHIHU� WR������� IRU� D
GHWDLOHG� GHVFULSWLRQ� RI� WKH� LQIUD�UHG� WUDQVPLVVLRQ� DQG� WKH� PRWLRQ� FRQWURO� RI� WKH
URERWV�

6XEVHTXHQWO\��WKLV�WKUHDG�VOHHSV�GXULQJ�WKH�LQIUD�UHG��,5��WUDQVPLVVLRQ�RI�WKH�VSHHGV
WR� DOO� URERWV� �PDQDJHG� E\� WKH� UHPRWH� FRQWURO��� 7KH� WLPH� WDNHQ� IRU� WKH� ,5
WUDQVPLVVLRQ�LV�YHU\�ZHOO�NQRZQ��FXUUHQWO\�WKLV�LV����PV���%XW�WKH�µ6OHHS¶�FRPPDQG�LQ
&���� DOWKRXJK� EHLQJ� WKH� PRVW� SUHFLVH� FRPPDQG�� LV� QRW� WKDW� SUHFLVH� GXH� WR� WKH
PXOWLWDVN�FKDUDFWHU�RI� WKH�RSHUDWLQJ�V\VWHP��7KH� VOHHS� WLPH�QHYHU�GHVFHQGV�EHORZ
WKH�YDOXH�VWDWHG�LQ�WKH�FRPPDQG��EXW�LW�FDQ�LQFUHDVH�XS�WR�����RI�WKH�YDOXH�VWDWHG�
1HYHUWKHOHVV�WKH�WLPH�EHWZHHQ�WZR�WUDQVPLVVLRQV�LV�TXLWH�VWDEOH�DURXQG����WR����PV�
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7KH� VOHHS� WLPH� VKRXOG� EH� NHSW� DV� VPDOO� DV� SRVVLEOH� �a���PV�� WR� DVVXUH� WKH�PRVW
GLUHFW� IHHGEDFN� ORRS� IRU� PRWLRQ� FRQWURO�� /LNHZLVH�� LW� VKRXOG� EH� NHSW� DV� SUHFLVH� DV
SRVVLEOH� LQ� RUGHU� WR� DSSO\� VWDEOH� FRQVWDQWV� LQ�PRWLRQ� FRQWURO��+HQFH�� WKH� REVHUYHG
YDULDWLRQV�RI�XS� WR�����VKRXOG�EH�GLPLQLVKHG�DV�PXFK�DV�SRVVLEOH�� ,QFUHDVLQJ� WKH
SULRULW\�RI�WKH�$OLFH�WKUHDG�GRHV�QRW�KHOS��%XW�WKHUH�DUH�RWKHU�SRVVLELOLWLHV�WR�DFKLHYH
WKLV�

• XVH�D�PRUH�SUHFLVH�WLPHU

• VHQGLQJ� D� UHSO\� IURP� WKH� UHPRWH� FRQWURO� WR� WKH� 3&� �YLD� 56����� ZKHQ
WUDQVPLVVLRQ�LV�WHUPLQDWHG

����� &236�WKUHDG

7KLV�WKUHDG�LPSOHPHQWV�WKH�FOLHQW�VLGH�RI�D�7&3�,3�FRQQHFWLRQ�LQ�RUGHU�WR�JHW
WKH� FXUUHQW� YDOXH� RI� FRRUGLQDWHV�� DQJOHV� DQG� WLPH� VWDPS� IURP� &236 �� ,WV
DUFKLWHFWXUH� LV� TXLWH� VLPSOH�� $W� WKH� VWDUW� XS� RI� $60�� WKLV� WKUHDG� LV� DXWRPDWLFDOO\
ODXQFKHG�� $W� WKH� EHJLQQLQJ�� LW� VHQGV� WZR� UHTXHVWV� �VHH� �� �������� RQH� IRU� WKH� WLPH
VWDPS� �,' ��� DQG� DQRWKHU� WR� REWDLQ� WKH� ILUVW� YDOXHV� IURP� &236� �,' ���� 7KHQ� LW
HQWHUV�D�SHUPDQHQW� ORRS� WKDW� WHUPLQDWHV�RQO\�ZKHQ�$60� LV� FORVHG��7KLV�PDLQ� ORRS
UHFHLYHV� WKH� GDWD� IURP� &236�� SURFHVVHV� WKHP�� SXWV� WKHP� LQ� VKDUHG� PHPRU\� DQG
VHQGV�WKH�QH[W�UHTXHVW�WR�&236�

%\�³SURFHVVLQJ�WKH�YDOXH�IURP�&236´��ZH�PHDQ�

• 6FDOLQJ� ;� DQG� <� FRRUGLQDWHV� �LQ� SL[HOV�� LQ� RUGHU� WR� FRQYHUW� WKHP� LQWR
PLOOLPHWHUV��7KLV�RSHUDWLRQ�GHSHQGV�RQ�WKH�KHLJKW�RI�WKH�FDPHUD�

• $GGLQJ�DQ�RIIVHW�WR�WKLV�FRRUGLQDWHV�LQ�RUGHU�WR�PDWFK�WKH�ORZHU�OHIW�FRUQHU�RI
WKH�ILHOG�ZLWK�WKH�RULJLQ�RI�WKH�&DUWHVLDQ�FRRUGLQDWH�V\VWHP�

• 0DNLQJ� DQ� LQYHUVLRQ� RI� FRRUGLQDWHV� IRU� RQH� RI� WKH� WHDPV� �VHH� LQ� �� �����
³(TXDOLW\�RI�ERWK�WHDPV´��

• &RUUHFWLQJ�WKH�DQJOH�YDOXHV��WKLV�SUREOHP�FRPHV�IURP�&236��

<RX�FDQ�ILQG�WKH�FRGH�RI�WKLV�WKUHDG�LQ�DSSHQGL[�������

7KH�PDLQ�ORRS�LV�DXWRPDWLFDOO\�V\QFKURQL]HG�ZLWK�&236�IUHTXHQF\��EHFDXVH�LW�DOZD\V
KDV� WR� ZDLW� IRU� D� &236� UHSO\�� &236� GRHV� QRW� UHSO\� DV� ORQJ� DV� WKHUH� DUH� QR� QHZ
YDOXHV�WR�VHQG��6LQFH�&236�SUHVHQWV�DQ�DYHUDJH�IUHTXHQF\�RI����)36��VHH����������
ZH�REWDLQ�DERXW�WKH�VDPH�YDOXH�IRU�WKLV�WKUHDG��6R�ZH�FDQ�VD\�WKDW�WKH�FXUUHQW
SDUDPHWHUV� RI� WKH� REMHFWV� RQ� WKH� ILHOG� DUH� XSGDWHG� LQ� VKDUHG� PHPRU\
DERXW�HYHU\���PV��RQ�DYHUDJH�

2I�FRXUVH��WKH�VDPH�VWUXFWXUHV�DV�LQ�&236��VHH����������KDYH�WR�EH�GHILQHG�LQ�$60�LQ
RUGHU� WR� VHQG� WKH� FRUUHFW� VHW� RI� E\WHV�� $W� WKH� UHFHSWLRQ�� WKH� GDWD� LV� SXW� LQ� WKH
FRUUHVSRQGLQJ� VWUXFWXUH�� DQG� EHFDXVH� WKHUH� LV� QR�PLVVLQJ� DQG� QR� LQYHUVLRQ� RI� ELWV
EHWZHHQ�&236�DQG�$60��DOO�E\WHV�ZLOO�UHDFK�WKHLU�FRUUHFW�SODFH�LQ�WKH�VWUXFWXUH�

����� 8VHU�WKUHDGV
7KH�$OLFH�6RFFHU�0DQDJHU�LPSOHPHQWV�D�7&3�,3�VHUYHU��ZKLFK�OLVWHQV�RQ�SRUW������
7KH�SURWRFRO�LV�D�VWDQGDUG�73&�,3�SURWRFRO�ZLWK�UHTXHVW�DQG�UHSO\��7KH�UHTXHVW�DQG
UHSO\�SDFNDJHV�KDYH�D�XQLTXH�DQG�ZHOO�GHWHUPLQHG�VWUXFWXUH�
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$60� GRHVQ¶W� UHSO\� LPPHGLDWHO\� ZKHQ� D� FOLHQW� KDV� VHQW� D� UHTXHVW�� 7KH� PD[LPXP
DYHUDJH�IUHTXHQF\�LV�JLYHQ�E\�LPDJH�SURFHVVLQJ��7KLV�PHDQV��ZKHQ�D�UHTXHVW�IURP�D
XVHU� LV�UHFHLYHG�E\�$60�� LW�ZDLWV� IRU�DQ�HYHQW�IURP�&236�ZKLFK� LQGLFDWHV� WKDW�QHZ
YDOXHV�DUH�DYDLODEOH�LQ�VKDUHG�PHPRU\��EHIRUH�VHQGLQJ�EDFN�D�UHSO\�

0DLQ�DUWLFXODWLRQ�RI�WKH�XVHU�WKUHDG

:KHQ�D�XVHU�FRQQHFWV�WR�$60��D�QHZ�XVHU�WKUHDG�LV�ODXQFKHG�ZKLFK�SURFHVVHV�RQO\
WKH�FRPPXQLFDWLRQ�ZLWK� WKLV�XVHU�RU� WHDP��7KH�ILUVW�XVHU�WKDW�FRQQHFWV� WR�$60
ZLOO�UHFHLYH�WKH�ILUVW�WHDP�RQ�WKH�ILHOG��WKH�EOXH�RQHV��DQG�WKH�VHFRQG��WKH�UHG
RQHV��7KLV�DOVR�FRUUHVSRQGV�WR�WKH�7HDP,'��7HDP,'��� �EOXH��7HDP,'��� �UHG���DV
\RX�ZLOO�VHH�EHORZ�

(DFK�WHDP�KDV�LWV�RZQ�SURFHVV�UXQQLQJ�LQ�$60 ��7KDW�PHDQV�ZKHQ�HYHU\WKLQJ�LV
UHDG\�WR�EHJLQ�D�JDPH��WZR�XVHU�WKUHDGV�ZLOO�EH�UXQQLQJ�RQ�WKH�VHUYHU��UHJDUGOHVV�RI
WKH� QXPEHU� RI� SURJUDPV� WKDW� DUH� HIIHFWLYHO\� FRQQHFWHG��:H� FDQ� LPDJLQH� D� XQLTXH
SURJUDP�WKDW�HVWDEOLVKHV�WZR�FRQQHFWLRQV�ZLWK�$60�DQG�FDOFXODWHV� WKH�QHZ�WDUJHWV
IRU�ERWK� WHDPV��+RZHYHU�� WKLV� DUFKLWHFWXUH�KDV�EHHQ�FUHDWHG� LQ�RUGHU� WR�DOORZ� WZR
LVRODWHG�FRPSXWHUV�WR�UHSUHVHQW�HDFK�D�WHDP�

%HORZ��\RX�FDQ�ILQG�WKH�PDLQ�DUWLFXODWLRQ�RI�WKH�XVHU�WKUHDG�

on client connection : wait for the first request

while thread is not terminated

wait for COPS event

send data (current position of objects,…)

wait for request (target of robots,… )

end while

)RU�PRUH�GHWDLOV��\RX�FDQ�ILQG�WKH�&����FRGH�LQ�DSSHQGL[�������

6WUXFWXUHV

7KH�IROORZLQJ�VWUXFWXUHV�DUH�WKH�VDPH�RQ�ERWK�VLGH�RI� WKH�7&3�,3�FRQQHFWLRQ��7KDW
PHDQV�ZH�ZLOO� ILQG�WKH�VDPH�VWUXFWXUHV� LQ�FOLHQW��WHDP�PDQDJHU��DQG�VHUYHU��$60�
SURJUDPV�

• 5RE7DUJHW�����E\WHV��
o ORQJ�0RGH ��FRQWURO�PRGH
o ORQJ�)ODJ ��GHSHQGLQJ�RQ�WKH�PRGH
o IORDW�6; ��VSHHG�RI�OHIW�ZKHHO�RU�[�FRRUGLQDWH
o IORDW�6< ��VSHHG�RI�ULJKW�ZKHHO�RU�\�FRRUGLQDWH
o IORDW�7KHWD ��DUULYDO�DQJOH��RQO\�PRGH���

• 2EMHFW��URERW�RU�EDOO������E\WHV��
o IORDW�;
o IORDW�<
o IORDW�7KHWD
o IORDW�6SHHG

• 'DWD5HTXHVW���[�����[��� ����E\WHV��
o ORQJ�6L]H ��VL]H�RI�UHTXHVW�ZLWKRXW�VL]H� ���
o ORQJ�,' ��UHTXHVW�LGHQWLILHU
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o ORQJ�3HULRG ��SHULRG�RI�UHSOLHV
o 5RE7DUJHW�5RERW>�@ ��WDUJHW�RI�HDFK�URERW

• 'DWDW5HSO\���[�����[�[������[��� �����E\WHV��
o ORQJ�6L]H ��VL]H�RI�UHTXHVW�ZLWKRXW�VL]H� ����
o ORQJ�,' ��UHSO\�LGHQWLILHU
o ORQJ�7HDP,' � ��WHDP�LGHQWLILHU
o ORQJ�0RGH ��FRQWURO�PRGH
o ORQJ�(UURU ��QXPEHU�RI�DQ�HUURU
o ORQJ�7LPH6WDPS ��WLPH�VWDPS�RI�LPDJH�FDSWXUH
o 2EMHFW�0\5RERW>�@ ��FXUUHQW�SDUDPHWHUV�RI�URERWV�RI�WKLV�WHDP
o 2EMHFW�<RXU5RERW>�@ ��FXUUHQW�SDUDPHWHUV�RI�URERWV�RI�RWKHU�WHDP
o 2EMHFW�%DOO ��FXUUHQW�SDUDPHWHUV�RI�WKH�EDOO

'HILQLWLRQV

• 0RGH��VHWV�WKH�FXUUHQW�FRQWURO�PRGH��VHH��������
o ����VSHHG��WKLV�URERW�ZLOO�UHFHLYH�D�VSHHG�IRU�HDFK�ZKHHO�
o ����SRVLWLRQ��WKLV�URERW�ZLOO�UHFHLYH�D�WDUJHW�SRVLWLRQ�
o �� �� EHKDYLRU� �WKLV� URERW� ZLOO� UHFHLYH� D� QXPEHU� RI� EHKDYLRU�� QRW� \HW

LPSOHPHQWHG�

• )ODJ��GHSHQGLQJ�RQ�WKH�FXUUHQW�PRGH
o 0RGH� ����QRW�XVHG
o 0RGH� ����GLUHFWLRQ�RI�WKH�DUULYDO��IRUZDUG�RU�EDFNZDUG��RQ�WKH�WDUJHW
o 0RGH� ����FKRLFH�RI�EHKDYLRU��QRW�\HW�LPSOHPHQWHG�

• 6;�DQG�6<��GHSHQGLQJ�RQ�WKH�FXUUHQW�PRGH
o 0RGH� ����6;�LV�WKH�VSHHG�RI�WKH�OHIW�ZKHHO�DQG�6<�RI�ULJKW�ZKHHO
o 0RGH� ����6;�LV�WKH�[�FRRUGLQDWH�DQG�6<�WKH�\�FRRUGLQDWH�RI�WDUJHW
o 0RGH� ����SDUDPHWHUV�RI�EHKDYLRU��QRW�\HW�LPSOHPHQWHG�

• ;�DQG�<��SRVLWLRQ�LQ�PP�RI�DQ�REMHFW�LQ�&DUWHVLDQ�FRRUGLQDWHV�

• 7KHWD��DQJOH�LQ�UDGLDQ�RI�REMHFW�YHFWRU��7KH�YHFWRU�SRLQWV�LQ�IRUZDUG�GLUHFWLRQ
RI�URERW��,Q�WKH�FDVH�RI�WKH�EDOO��WKLV�DQJOH�KDV�QR�VLJQLILFDQFH�

• 6SHHG���QRW�\HW�LPSOHPHQWHG��VSHHG�RI�HDFK�REMHFW�

• 6L]H�� VL]H� RI� WKH� 7&3�,3� SDFNDJH� ZLWKRXW� WKH� VL]H� RI� ILUVW� YDULDEOH� �IRU
H[DPSOH��6L]H2I�'DWD5HTXHVW��±����

• ,'�� LGHQWLILHU� RI� UHTXHVW� RU� UHSO\�� &XUUHQWO\��ZH� RQO\� KDYH� ,'� � �� IRU� ERWK�
UHTXHVW�DQG�UHSO\��7KLV�E\WH�DOORZV�IXWXUH�H[WHQVLRQV�RI�WKH�SURWRFRO�

• 7HDP,'��LGHQWLILHU�RI�WHDP��6DPH�DV�WHDP�QXPEHU��7KH�ILUVW�XVHU�FRQQHFWHG
UHFHLYHV�QXPEHU���

• 3HULRG�� OHWV�WKH�XVHU�FKDQJH�WKH�SHULRG�RI� WKH�UHSOLHV��$W� WKH�PRPHQW��RQO\
Q ��KDV�EHHQ�LPSOHPHQWHG�

• (UURU���QRW�\HW�LPSOHPHQWHG�
o ����2.
o ����RQH�RU�PRUH�;�RU�<�FRRUGLQDWHV�LV�DUH�RXW�RI�UDQJH
o ����RQH�RU�PRUH�DQJOH�7KHWD�LV�DUH�RXW�RI�UDQJH
o ����XQNQRZQ�UHTXHVW�,'



6HPHVWHU�SURMHFW 6RFFHU�$OLFH

��

o ����XQNQRZQ�PRGH
• 7LPH6WDPS�� WLPH� VWDPS� RI� LPDJH� FDSWXUH�� 7KLV� QXPEHU� LV� JLYHQ� E\� &236

DQG�UHSUHVHQWV�WKH�WLPH��LQ�PV��RI�WKH�LPDJH�FDSWXUH��7KH�W ��LV�VHW�DW�ODXQFK
RI�&236��1RWH�� WKH�XQFHUWDLQW\�RI� WKLV� WLPH� LQGLFDWLRQ� LV� UHODWLYHO\� LPSRUWDQW�
DERXW���PV�

(TXDOLW\�RI�ERWK�WHDPV

6LQFH�ZH�ZDQW�WR�KDYH�WZR�GLIIHUHQW�WHDPV�SOD\LQJ�DJDLQVW�HDFK�RWKHU��DQG�QRW�RQH
WHDP�DOZD\V�EHLQJ�SOD\HG�E\�WKH�FRPSXWHU��WKH�SUREOHP�RI�HTXDOLW\�KDV�WR�EH�VROYHG�
,Q�RWKHU�WHUPV��EHFDXVH�WKH�FRRUGLQDWH�V\VWHP¶V�RULJLQ�LV�IL[�DW�D�FHUWDLQ�SRLQW��LW�KDV
WR� EH� GHFLGHG� ZKLFK� WHDP� SOD\V� RQ� ZKLFK� VLGH�� 6WUDWHJ\� ZRXOG� QDWXUDOO\
GHSHQG�RQ�WKH�FRRUGLQDWH�YDOXHV�FKRVHQ�DFFRUGLQJ�WR�WKH�VLGH�RQ�ZKLFK�D�WHDP�KDV
WR�SOD\��+HQFH��WKH�VWUDWHJ\�ZRXOG�KDYH�WR�EH�LPSOHPHQWHG�LQ�RUGHU�WR�DOORZ�D�WHDP
WR�SOD\�RQ�ZKDWHYHU�VLGH�LW�ZLOO�EH�DVNHG�IRU�E\�WKH�XVHU�WKUHDG�

%XW� LW� LV�QRW� UHDVRQDEOH�WR�DVN�RI�D�XVHU�VWUDWHJ\� WR�KDYH� WKLV� IOH[LELOLW\�� ,W� LV�PXFK
HDVLHU� WR�PDQDJH� WKLV� SUREOHP�GLUHFWO\� LQ� WKH� XVHU� WKUHDG��7KXV�� HYHU\� VWUDWHJ\
FRXOG�EH� LPSOHPHQWHG� WR�SOD\�DOZD\V�RQ� WKH� VDPH� VLGH �� DQG� DFWXDOO\� HYHU\
XVHU�VKRXOG�WKHQ�FKRRVH�WKH�VDPH�VLGH��1DWXUDOO\��ZH�VKDOO�FKRVH�WKH�VLGH�RQ�ZKLFK�[
YDOXHV�DUH�ORZHVW�WR�EH�WKH�VLGH�RI�WKH�WHDP¶V�JRDO�

7R�DFKLHYH�WKLV��ZH�SURFHHG�DV�IROORZV�

,Q� UHDOLW\�� WKHUH� ZLOO� EH� RQH� WHDP� �LQ� RFFXUUHQFH� WKH� �QG� WHDP��� ZKLFK� ZRQ¶W� EH
SOD\LQJ�RQ�WKH�VLGH�� LWV�VWUDWHJ\�KDV�EHHQ� LPSOHPHQWHG�IRU��+HQFH��WKH�XVHU�WKUHDG
KDV�WR�SUHWHQG�WR�WKLV�WHDP��WKDW�LW�LV�SOD\LQJ�RQ�WKH�VLGH�LWV�VWUDWHJ\�LV�LPSOHPHQWHG
IRU��7KLV�FDQ�EH�GRQH�E\�D�VLPSOH�UHIOHFWLRQ�RQ�WKH�FHQWHU�SRLQW�RI�WKH�ILHOG�
%HIRUH�VHQGLQJ�WKH�FXUUHQW�SDUDPHWHUV�RI�DOO�URERWV�DQG�WKH�EDOO�WR�WKH�XVHU��WKH\�DUH
UHIOHFWHG�RQ�WKH�FHQWHU�SRLQW��7KH�WDUJHW�SRVLWLRQV�WKHQ�UHFHLYHG�IURP�WKLV�XVHU��DUH
UHIOHFWHG� WR� ILW� WKH�UHDOLW\�DJDLQ��EHIRUH�PDNLQJ� WKHP�DFFHVVLEOH� WR� WKH�$OLFH� WKUHDG
�PRWLRQ�FRQWURO��

7KLV�ZD\��DOO�XVHUV�FDQ�LPSOHPHQW�WKHLU�VWUDWHJ\�H[DFWO\�WKH�VDPH�ZD\ ��DQG
WKH�V\VWHP�LV�FRPSOHWHO\�IUHH�WR�KDYH�DQ\�WHDP�WR�SOD\�DJDLQVW�DQ\�RWKHU�WHDP�

2EYLRXVO\�� WKH�UHIOHFWLRQ�RI� WKH�XVHU� UHTXHVW�RQO\�KDV� WR�PDGH� LQ�PRGH��� �SRVLWLRQ
FRQWURO��� ,Q� VSHHG�FRQWURO�PRGH�� WKH� VDPH�YDULDEOHV�ZLOO� FRQWDLQ� VSHHG� YDOXHV� WKDW
PXVW�QRW�EH�UHIOHFWHG��5HIHU�WR�WKH�SUHFHGLQJ�SDUDJUDSK�IRU�WKH�IXQFWLRQDOLW\�RI�WKH
GLIIHUHQW�PRGHV�

��� 8VHU�SURJUDPV

����� &RQQHFWLRQ�ZLWK�$60

7KH�XVHUV�±�RU�WHDP�PDQDJHUV�±�KDYH�WR�NQRZ�D�OLWWOH�DERXW�WKH�XVHU�WKUHDG�EHKDYLRU
DQG�ZRUNLQJ��7KHUHIRUH�ZH�LQYLWH�WKH�UHDGHU�WR�WDNH�D�ORRN�DW���������

7KH�XVHU�SURJUDPV�KDYH�WR�LPSOHPHQW�D�7&3�,3�FOLHQW�FRQQHFWLRQ�WR�$60��,Q�RUGHU�WR
GR�WKLV��ZH�FDQ�XVH�WKH�0LFURVRIW�:LQVRFNHW�FRPSRQHQW��IRU�H[DPSOH�LQ�9LVXDO�%DVLF
RU� LQ� RWKHU� 0LFURVRIW� GHYHORSHU� HQYLURQPHQW�� RU� 7&OLHQW6RFNHW� LQ� %RUODQG
HQYLURQPHQW�VXFK�DV�&���%XLOGHU�RU�'HOSKL��7KH�7&3�,3� LV�D�YHU\�HDV\�WR�XVH
SURWRFRO�WKDW�DOORZV�LQWHURSHUDELOLW\ ��7KDW�PHDQV�\RX�FDQ�GHYHORS�D�SURJUDP�RQ
0DF26��LQ�ZKLFK�\RX�ZLOO�LPSOHPHQW�D�FRQQHFWLRQ�ZLWK�$60��ZKLFK�UXQV�RQ�0LFURVRIW
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:LQGRZV�����DV�VHHQ�LQ��������7KLV�LV�ZK\�WKLV�NLQG�RI�FRPPXQLFDWLRQ�EHWZHHQ�XVHUV
DQG�$60�KDV�EHHQ�FKRVHQ�

$V�VDLG�LQ����������WKH�ILUVW�XVHU�FRQQHFWHG�WR�$60�UHFHLYHV�WKH�ILUVW�WHDP�LGHQWLILHU�
7KH�FRRUGLQDWH�V\VWHP�LV�VLGH�LQGHSHQGHQW��VHH�³(TXDOLW\�RI�ERWK�WHDPV´���$QG�WKH
PD[LPXP�VDPSOLQJ�UDWH�RI�UHTXHVW�UHSO\�LV�JLYHQ�E\�&236�DQG�LV�DERXW���+]�

����� $Q�H[DPSOH�RI�VRFFHU�VWUDWHJ\

'XULQJ�WKLV�SURMHFW�ZH�KDYH�LPSOHPHQWHG�D�YHU\�VLPSOH�VWUDWHJ\�WR�WHVW�WKH�V\VWHP¶V
SHUIRUPDQFH��DQG�WR�GHPRQVWUDWH�WKH�SRVVLELOLW\�WR�SOD\�VRFFHU�

7KHUH�LV�RQH�JRDONHHSHU�ZKR�VLPSO\�PRYHV�EDFN�DQG�IRUWK�LQ�IURQW�RI�WKH�JRDO��7KHQ
RQH�SOD\HU� LQ�WKH�IURQW�SDUW�RI�WKH�ILHOG�WULHV�WR�VKRRW�WKH�EDOO� WRZDUGV�WKH�RSSRVLWH
JRDO�� WKH� VHFRQG� SOD\HU� GRHV� WKH� VDPH� LQ� WKH� EDFN� SDUW�� :KHQ� RQH� SOD\HU� JRHV
WRZDUGV� WKH�EDOO� DW� WKH� OHIW� VLGH� RI� WKH� ILHOG�� IRU� LQVWDQFH�� WKH� RWKHU� RQH� LV� DOZD\V
WU\LQJ�WR�EORFN�WKH�ILHOGV�IRU�WKH�RSSRVLWH�WHDP�DW�WKH�ULJKW�VLGH�

,W�ZDV�QRW�WKH�JRDO�RI�WKLV�SURMHFW�WR�LPSOHPHQW�DQ�LQWHOOLJHQW�VWUDWHJ\� �,Q
IDFW�� LW� LV��YHU\�KDUG�WR�PDNH�D�VWUDWHJ\��ZKHUH�WKH�URERW�GRHV�QRW�KHDG� LQWR�RWKHU
URERWV��7KHUHIRUH�WKH�URERWV�RIWHQ�JHW�VWXFN��,W�LV�XS�WR�WKH�XVHU�WR�PDNH�D�VWUDWHJ\
LQ�RUGHU�WR�DYRLG�WKLV�SUREOHP�

7KH� XVHU� FDQ� VLPSO\� XVH� WKH� VWUXFWXUH� RI� WKLV� &��� SURJUDP� WR� GHYHORS� KLV� RZQ
VWUDWHJ\�� (YHU\� WLPH� WKH� XVHU� SURJUDP� UHFHLYHV� D� UHSO\� IURP� $60�� WKH
µ*HW1H[W5HTXHVW¶� IXQFWLRQ� LQ� WKH� µ6WUDWHJ\¶� FODVV� LV� H[HFXWHG�� )RU� HDFK� URERW� D
µ*HW5HT5RE¶� IXQFWLRQ� LV�DOUHDG\� LPSOHPHQWHG��7KH�IXQFWLRQV� IRU�DOO� WKUHH�URERWV�DUH
VXEVHTXHQWO\� H[HFXWHG�� 7KH� XVHU� FDQ� VSHFLI\� WKH� FRQWURO� PRGH�� WKH� IODJ� �WKH
PHDQLQJ�GHSHQGV�RQ�WKH�PRGH���WKH�[�\�θ�FRRUGLQDWHV�LQ�SRVLWLRQ�FRQWURO�PRGH�DQG
WKH�VSHHGV�IRU�WKH�WZR�ZKHHOV�LQ�VSHHG�FRQWURO�PRGH��3OHDVH�UHIHU�WR�WKH�GHVFULSWLRQ
RI�WKH�XVHU�WKUHDG�LQ�$60�����������IRU�D�GHWDLOHG�GHVFULSWLRQ�RI�WKH�PHDQLQJ�RI�WKH
GLIIHUHQW�YDULDEOHV�

7KH�XVHU�VWUDWHJ\�VKRXOG�ILQLVK�H[HFXWLRQ�LQ�OHVV�WKDQ����PV��7KLV�LV�WKH�SHULRG�RI�WKH
LPDJH�SURFHVVLQJ�GRQH�E\�&236��,I� WKH�VWUDWHJ\�WLPH�H[FHHGV�WKLV� OLPLW��RQO\�HYHU\
VHFRQG�LPDJH�FDQ�EH�VHQW�WR�WKH�XVHU��7KLV�ZLOO�FRQVLGHUDEO\�LQFUHDVH�WKH�WLPH�GHOD\
EHWZHHQ� LPDJH� DFTXLVLWLRQ� DQG� FRPPDQG� H[HFXWLRQ� RQ� WKH� URERWV�� DQG� VKRXOG
WKHUHIRUH�EH�DYRLGHG�
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��� 2YHUYLHZ��SURJUDPV�DQG�FODVVHV

7R� KDYH� D� FRPSOHWH� DQG� GLUHFW� RYHUYLHZ� RI� DOO� ILOHV� DQG� SURJUDPV� ZH� KDYH
LPSOHPHQWHG�RU�PRGLILHG��VHH�WKH�IROORZLQJ�WDEOH�

ASM Alice Soccer Manager
File Classes Header file Description
ASM.cpp Runs the application
Main.cpp TFormASM Main.h Main form definition and launch of threads
TCOPS.cpp TCOPS TCOPS.h COPS thread
TUSER.cpp TUser TUSER.h User thread
TAlices.cpp TAlices TAlices.h Alice thread
AliceCom.cpp TAliceCtrl AliceCom.h Motion control of the robots

TSendAlice Management of serial port COM1
Constants.h General constants used in several files

USER Team Manager
File Classes Header file Description
User.cpp Runs the application
Main.cpp TMainForm Main.h Main form definition and connection with ASM
Strategy.cpp TStrategy Strategy.h Implementation of soccer strategy

COPS Color Object Position Server
Only added or modified files or functions are mentioned
File Classes Functions Description
Main.pas TMainForm TrackBlobID

SetTag
SortEvenColor
SortEvenTag
SortEventPos

BlobSRV.pas TBlobServer TrackBlobAngle
GUSB.pas TGUSB Inherited from TGrabber
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��� 7LPH�EDODQFH

2QH� RI� WKH� PDLQ� GLIILFXOWLHV� RI� WKLV� SURMHFW� LV� WKH� PDQDJHPHQW� RI� WKH� WLPLQJ�
7KHUHIRUH��D�EDODQFH�RI�WKH�GLIIHUHQW�WLPH�YDOXHV�DQG�GHOD\V�LV�SUHVHQWHG�KHUH�

$OO� PHDVXUHV� WDNHQ�ZLWK� WKH� 3&� KDYH� D� FHUWDLQ� LPSUHFLVLRQ� GXH� WR� WKH� XVH� RI� WKH
µ*HW7LPH¶�IXQFWLRQ��7KH�WLPH�YDOXHV�DUH�VXEMHFW�WR�YDULDWLRQV�EHFDXVH�RI�WKH�QRQ�UHDO�
WLPH�SODWIRUP��+HQFH��WKH�IROORZLQJ�FRQVLGHUDWLRQV�KDYH�WR�EH�WDNHQ�ZLWK�FDXWLRQ�

7KH�PRVW�LPSRUWDQW�YDOXH�LV�WKH�WLPH�GHOD\�EHWZHHQ�WKH�UHDO�ZRUOG�VLWXDWLRQ�DQG�WKH
FRPPDQG� H[HFXWLRQ� RQ� WKH� URERWV�� WKDW� LV� WKH� SHULRG� RI� WKH�ZKROH� ORRS�� LQFOXGLQJ
HYHU\�VLQJOH�VWHS�

,Q� WKH� IROORZLQJ� ILJXUH�� \RX� FDQ� VHH� DQ� DSSUR[LPDWH� WLPLQJ� EHWZHHQ� WKH� GLIIHUHQW
WDVNV��7KH�YHUWLFDO� DUURZV� UHSUHVHQW� WKH�RFFXUULQJ�HYHQWV��$OO�HYHQWV�RFFXU� LQ�$60�
$UURZV�SRLQWLQJ�WR�WKH�WLPH�D[LV�PHDQ�UHFHSWLRQ��DUURZV�SRLQWLQJ�DZD\�IURP�WKH�WLPH
D[LV�UHSUHVHQW�JRLQJ�RXW�PHVVDJHV��(YHQWV�RQ�WKH�VDPH�WLPH�D[LV�DUH�V\QFKURQL]HG�

7KH�&236�HYHQW� LQGLFDWHV� WKDW� WKH� DFTXLVLWLRQ� RI� D� QHZ� LPDJH� LV� FRPSOHWH�� $W� WKH
VDPH�PRPHQW�WKH�QH[W�LPDJH�JUDEELQJ�LV�VWDUWHG��7R�PDNH�WKH�VXP�RI�DOO�QHFHVVDU\
VWHSV��RQH�KDV� WR�EHJLQ�ZLWK�D�&236�HYHQW��EHJLQQLQJ�RI� LPDJH�FDSWXUH��DQG� WKHQ
FRQWLQXH� ZLWK� WKH� QH[W� &236� HYHQW� �HQG� RI� LPDJH� FDSWXUH��� 'LUHFWO\� DIWHU� WKH
UHFHSWLRQ�RI�D�QHZ�LPDJH��D�UHSO\�LV�VHQW�WR�WKH�XVHU�ZLWK�WKH�FXUUHQW�SRVLWLRQV�RI�WKH
URERWV�� :KHQ� WKH� VWUDWHJ\� FDOFXODWLRQV� DUH� ILQLVKHG� LQ� WKH� XVHU� SURJUDP�� $60
UHFHLYHV� D� UHTXHVW� IURP� WKH� XVHU� FRQWDLQLQJ� WKH� QHZ� WDUJHW� SRVLWLRQV� �RU� VSHHGV��
7KH�UHFHLYHG�YDOXHV�DUH�VWRUHG�LQ�VKDUHG�PHPRU\�

7KH�$OLFH�WKUHDG�ZKLFK�PDQDJHV�WKH�LQIUD�UHG�WUDQVPLVVLRQ�ZRUNV�DV\QFKURQRXVO\�WR
WKH� UHVW� RI� WKH� V\VWHP�� ,5� WUDQVPLVVLRQ� LV� GRQH�ZLWK� D� IL[� SHULRG� LQGHSHQGHQWO\� RI

t

COPS COPS COPS COPS COPS

User request User req

User reply

IR transmission IR transmission
t

best case (~ 170 ms)

worst case (~ 240 ms)

)LJ�����7LPLQJ�GLDJUDP
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LPDJH�DFTXLVLWLRQ�DQG�XVHU�SURJUDPV��)RU�HYHU\�,5�WUDQVPLVVLRQ��WKH�YDOXHV�LQ�VKDUHG
PHPRU\�DUH�WDNHQ��ZKLFK�DUH�WKH�RQHV�UHFHQWO\�XSGDWHG�E\�WKH�XVHU�

2EYLRXVO\�� WKH�EHVW�FDVH� LV��ZKHQ� ,5� WUDQVPLVVLRQ� LV� H[HFXWHG� ULJKW� DIWHU� WKH� ODVW
XSGDWH�IURP�WKH�XVHU��7KH�ZRUVW�FDVH��RQ�WKH�RWKHU�KDQG��LV��ZKHQ�,5�WUDQVPLVVLRQ
LV�H[HFXWHG�MXVW�EHIRUH�WKH�UHFHSWLRQ�RI�D�QHZ�UHTXHVW��,Q�WKLV�FDVH�RQH�HQWLUH�&236
F\FOH� LV�DGGHG�WR�WKH�EHVW�FDVH��EHFDXVH� WKH�UHFHSWLRQ�RI� WKH�XVHU� UHTXHVW�KDV� WKH
VDPH�SHULRG�DV�&236�IRU�LW�LV�V\QFKURQRXV�ZLWK�&236��:H�DUH�VSHDNLQJ�KHUH�RI�WKH
WRWDO�WLPH�GHOD\�EHWZHHQ�UHDO�ZRUOG�DQG�FRPPDQG�H[HFXWLRQ�RQ�WKH�URERWV�

+RZHYHU��WKH�SHULRG�RI�WKH�,5�WUDQVPLVVLRQ�LV�PXFK�VKRUWHU��a����PV���6LQFH�WKH�,5
WUDQVPLVVLRQ�WDNHV�ORQJHU�WKDQ�WKH�LPDJH�FDSWXUH�RI�&236��a����PV���ZH�DUH�VXUH�WR
KDYH� DOZD\V� XSGDWHG� YDOXHV� WR� WUDQVPLW�� )RU� WKH� VDPH� UHDVRQ�� LW� LV� VRPHWLPHV
SRVVLEOH�WKDW�D�XVHU�UHTXHVW�LV�QRW�WUDQVPLWWHG�WR�$OLFH��DV�LW�LV�WKH�FDVH�IRU�WKH�IRXUWK
XVHU�UHTXHVW�LQ�DERYH�ILJXUH�

,W� LV� LQWHUHVWLQJ�WR�NQRZ�ZKDW�GLVWDQFH�$OLFH�WUDYHOV�GXULQJ�RQH�HQWLUH�SHULRG�RI�WKH
WLPH� GHOD\� DQG� GXULQJ� RQH� SHULRG� RI� WKH� ,5� WUDQVPLVVLRQ�� 7KH� YDOXHV� DUH� WKH
IROORZLQJ�

Traveled distances
during at 29 mm/s at 51 mm/s

min max min max
total loop 4.9 mm 7.0 mm 8.7 mm 12.2 mm
IR transmission 2.4 mm 3.8 mm 4.3 mm 6.6 mm

,W�LV�LPSRUWDQW�WR�PHQWLRQ��WKDW�DOO�WKHVH�YDOXHV�GHSHQG�RQ�WKH�GXUDWLRQ�RI�WKH�XVHU
VWUDWHJ\��,Q�WKH�DERYH�WLPLQJ�GLDJUDP�LW�EHFRPHV�REYLRXV��WKDW�WKH�XVHU�VKRXOG�WDNH
FDUH�WR�GR�VWUDWHJ\�FDOFXODWLRQV� LQ� OHVV�WLPH�WKDQ�&236�WDNHV�IRU� LPDJH�DFTXLVLWLRQ�
2WKHUZLVH�WKH�XVHU�ZRXOG�RQO\�JHW�HYHU\�VHFRQG�LPDJH�

��� 8QVROYHG�SUREOHPV

$OLFH�JHWWLQJ�VWXFN

$V�VHHQ�LQ����������WKH�PHWDO�VKHHWV�DURXQG�$OLFH�FDQ�PDNH�WKH�URERWV�JHW�VWXFN�ZLWK
RWKHU� URERWV�� 7KLV� LV� D� SUREOHP� ZKLFK� VKRXOG� HLWKHU� EH� VROYHG� ZLWK� D� PRUH
DSSURSULDWH�FRQVWUXFWLRQ� RI� WKHVH� VKHHWV�RU�ZLWK� FRQGLWLRQV� � DQG�SURFHGXUHV� LQ� WKH
VRIWZDUH�WR�WDNH�WKH�URERWV�DSDUW�ZKHQ�WKH\�JHW�VWXFN��%XW�LQ�WKH�VSHHG�DQG�SRVLWLRQ
FRQWURO�PRGH��ZH�FDQ�FHUWDLQO\�VD\�WKDW�WKLV�LV�D�SUREOHP�WR�EH�VROYHG�E\�WKH�XVHUV�

,Q� DQRWKHU� ZD\�� ZH� HQFRXQWHU� VRPH� SUREOHPV� ZLWK� WKH� ERUGHUV� RI� WKH� ILHOG�
8QIRUWXQDWHO\�WKH\�ZHUH�EXLOW�ZLWK�WKH�VDPH�KHLJKW�DV�WKH�URERWV��6R�ZKHQ�DQ�$OLFH
ZDQWV�WR�PRYH�LQWR�D�ZDOO��LW�WHQGV�WR�JHW�VWXFN�ZLWK�LWV�JUHHQ�FDUGERDUG�FRYHU�RQ�WKH
ILHOG� ERUGHUV�� 7KLV� SUREOHP� FDQ� HDVLO\� EH� VROYHG� E\� LQFUHDVLQJ� WKH� KHLJKW� RI� WKH
ERUGHUV��0RUHRYHU��ZH�FRXOG�LPSOHPHQW�D�VSHFLDO�SURFHGXUH�LQ�WKH�FRQWURO�WKDW�DYRLGV
WKH� ZDOO�� %XW� WKLV� ODVW� VROXWLRQ� LV� TXLWH� FRPSOH[�� DERYH� DOO� LQ� WKH� FDVH� RI� SRVLWLRQ
FRQWURO��EHFDXVH�D�SUHGLFWLRQ�RI�WKH�WUDMHFWRU\�ZRXOG�KDYH�WR�EH�PDGH�
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$OLFH�DFKLHYLQJ�LWV�WDUJHW�SRVLWLRQ

:H�KDYH�DOUHDG\�H[SODLQHG�WKDW�VRPH�SUREOHPV�SHUVLVW� LQ�WKH�PRWLRQ�FRQWURO�RI� WKH
URERWV� ��� �������� 6RPHWLPHV� $OLFH� KDV� VRPH� GLIILFXOWLHV� LQ� DFKLHYLQJ� LWV� WDUJHW
SRVLWLRQ��3DUWLFXODUO\�ZKHQ�$OLFH�GRHV�QRW�DUULYH�LQ�D�IDYRUDEOH�GLUHFWLRQ�LQ�WKH�WDUJHW
FLUFOH��LW�FDQ�WDNH�ORQJHU�WR�DFKLHYH�WKH�ULJKW�DQJOH�

+RZHYHU�� VLQFH� $OLFH� LV� VXSSRVHG� WR� SOD\� VRFFHU�� LW� GRHV� QRW� QHFHVVDULO\� KDYH� WR
DFKLHYH�HYHU\�VLQJOH�WDUJHW�SRVLWLRQ��EHFDXVH�WDUJHW�SRVLWLRQV�ZLOO�FKDQJH�G\QDPLFDOO\
ZLWKRXW� $OLFH� HYHU� FRPSOHWHO\� DFKLHYLQJ� WKHP�� 2Q� WKH� RWKHU� KDQG�� WKH� XVHU� FDQ
DOZD\V�GHILQH�LQWHUPHGLDU\�SRVLWLRQV��ZKLFK�DUH�IDYRUDEOH�IRU�WKH�GHVLUHG�WUDMHFWRU\�

7LPLQJ�DFFXUDF\

2Q�D�:LQGRZV�SODWIRUP�DQG�ZLWK�D� ORW�RI�SURFHVVHV�UXQQLQJ�DW�WKH�VDPH�WLPH�� LW� LV
TXLWH�GLIILFXOW�WR�PDNH�D�JRRG�MRE�LQ�UHDO�WLPH��DV�\RX�FDQ�UHDG�LQ��������7KLV�LV�ZK\
ZH�KDYH�FKRVHQ�WR�EXLOG�DQ�DV\QFKURQRXV�V\VWHP�

%XW�LI�WKH�ZKROH�V\VWHP�FRXOG�EH�LPSOHPHQWHG�RQ�D�UHDO�WLPH�SODWIRUP�DQG�LQ�D�VLQJOH
SURJUDP��D� V\QFKURQRXV�DUFKLWHFWXUH� FRXOG� OHDG� WR� D�PXFK� EHWWHU� WLPLQJ� DFFXUDF\�
)RU�H[DPSOH�� LI�ZH�SXW�&236�DQG�$60� LQ�D�VLQJOH��QRQ�PXOWLWKUHDGHG�SURJUDP��ZH
FRXOG�GHILQH�D�JRRG�FKURQRORJ\�RI�WKH�HYHQWV�

�� 7DNH�DQ�LPDJH

�� 6HQG�WKH�FXUUHQW�SDUDPHWHUV�WR�XVHUV

�� :DLW�IRU�XVHU�UHTXHVWV

�� 6HQG�WKH�FRPPDQGV�WR�URERWV

7KLV�ZRXOG�DOORZ�WR�KDYH�D�EHWWHU�SRVLWLRQ�DFFXUDF\�ZLWK�WKH�FRQWURO��+RZHYHU��LQ�WKH
FXUUHQW�VLWXDWLRQ��ZLWK�VXFK�WLPLQJ�IOXFWXDWLRQ�ZH�KDG�EHWWHU�NHHS�RXU�DV\QFKURQRXV
V\VWHP�

$XWRPDWLRQ�RI�LPDJH�SURFHVVLQJ�VHWWLQJV

$V�VDLG�DW�WKH�EHJLQQLQJ�RI��������LW�ZRXOG�EH�QHFHVVDU\�WR�LPSOHPHQW�D�PRGXOH�WKDW
LV� DEOH� WR� DXWRPDWLFDOO\� VHW� WKH� ULJKW� SDUDPHWHUV� IRU� WKH� LPDJH�SURFHVVLQJ� V\VWHP�
:H�DOUHDG\�KDYH�VRPH�WKHRUHWLFDO�VROXWLRQV�EXW�LW�ZRXOG�UHSUHVHQW�DQRWKHU�LPSRUWDQW
SURMHFW�WR�LPSOHPHQW�WKHP��+RZHYHU��VXFK�D�PRGXOH�ZRXOG�EH�DEVROXWHO\�QHFHVVDU\
LQ�FDVH�RI�D�ODUJH�VFDOH�GLVWULEXWLRQ�RI�WKH�V\VWHP�
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��� $OLFH�LV�UHDG\�WR�SOD\�VRFFHU

:H�DUH�SOHDVHG�WR�VD\�WKDW�WKH�V\VWHP�ZRUNV�ILQH�DQG�GHPRQVWUDWHV�WKH�SRVVLELOLW\�RI
SOD\LQJ� VRFFHU�ZLWK�PLQL� URERWV��:H� KDYH� FHUWDLQO\� EXLOW� WKH� VPDOOHVW� URERW� VRFFHU
JDPH�LQ�WKH�ZRUOG��0RUHRYHU��WKH�VPDOO�VL]H�RI�WKLV�VHWXS�RSHQV�XS�QHZ�KRUL]RQV�LQ
WKH� ILHOG� RI� URERWLFV� VRFFHU�� $FWXDOO\�� LI� ZH� FDQ� SXW� D� URERW� VRFFHU� JDPH� LQ� D
EULHIFDVH�� ZH� VLJQLILFDQWO\� LQFUHDVH� WKH� RSSRUWXQLW\� IRU� HYHU\ERG\� WR� PDQDJH� DQG
SURJUDP�VXFK�D�IDVFLQDWLQJ�JDPH�

0RUH� LPSRUWDQW�� WKLV� ZLOO� DOORZ� WR� FRPELQH� VRFFHU� ZLWK� WKH� HGXFDWLRQ� GRPDLQ�
$FWXDOO\��D�KDQG\�URERW�VRFFHU�NLW�FDQ�EH�SURSRVHG�WR�VFKRROV�WR�WHDFK�WKH�VWXGHQWV
SURJUDPPLQJ�LQ�D�UHFUHDWLRQDO�ZD\�

7KH�VPDOO�VL]H�RI�WKH�XVHG�URERWV�VWLOO�RIIHUV�RWKHU�DGYDQWDJHV��)LUVW��LW�LV�ZHOO�NQRZQ
WKDW� WKH� ORZHU� WKH� ZHLJKW�� WKH� KLJKHU� WKH� UREXVWQHVV�� 6HFRQG�� WKH� SRZHU
FRQVXPSWLRQ�DOVR�GHFUHDVHV�VLJQLILFDQWO\��ZKLFK�PHDQV�WKDW�WKH�URERWV�KDYH�D�ORQJHU
UXQQLQJ�WLPH��$QG�$OLFH��ZLWK�LWV�WHQ�KRXUV�RI�DXWRQRP\��LV�D�JRRG�H[DPSOH�IRU�WKLV
ODVW�SRLQW�

7KHVH� FRQVLGHUDWLRQV�PDGH� XV� GHFODUH� WKDW� LW� LV� DQ� H[FHOOHQW� LGHD� WR� SURSRVH� WKLV
JDPH�ZLWK�DQ�LPSURYHG�VHWXS�IRU�D�URERW�VRFFHU�FKDPSLRQVKLS�GXULQJ�³H[SR���´��WKH
6ZLVV�1DWLRQDO�([KLELWLRQ� WDNLQJ�SODFH� LQ������� ,W�ZRXOG�EH�JUHDW� LI�PDQ\� WHDPV�RI
VWXGHQWV�IURP�WKH�ZKROH�FRXQWU\�FRXOG�EH�SOD\LQJ�DJDLQVW�HDFK�RWKHU�ZLWK�WKHLU�VHOI�
SURJUDPPHG�URERWV�

2XU�VHWXS� LV�D�YHU\�RSHQ�V\VWHP��,W� LV�D�JRRG�EDVH�RQ�ZKLFK�RWKHU�GHYHORSHUV�FDQ
HDVLO\� EXLOG� VRPH� SURJUDPV� OLNH� D� VLPSOHU� XVHU� LQWHUIDFH� IRU� \RXQJHU� VWXGHQWV� RU
DGYDQFHG�VWUDWHJ\�IRU�KLJK�OHYHO�FRQWHVWV�

)LQDOO\��WKH�GHYHORSHG�V\VWHP�IRU�WKH� ORFDOL]DWLRQ�RI�PRELOH�URERWV�FRXOG�EH�XVHG� LQ
PDQ\�RWKHU�DSSOLFDWLRQV��SDUWLFXODUO\�ZLWK�PLQL�URERWV�LQ�HGXFDWLRQDO�DSSOLFDWLRQV��VHH
IRU�H[DPSOH�³.LW�GH�URERWLTXH�SpGDJRJLTXH´�� LQ�>N@�� LQ�DSSHQGL[�������$Q� LGHD� LV� WR
FRPPHUFLDOL]H� D� KDQG\� NLW� IRU� HGXFDWLRQ�� ZKLFK� DOORZV� WR� UXQ� VHYHUDO� GLIIHUHQW
DSSOLFDWLRQV�DQG�JDPHV�

:H�DUH�ORRNLQJ�IRUZDUG�WR�VHHLQJ�$OLFH�WDNLQJ�SDUW�DW�URERW�VRFFHU�FRQWHVWV�DQG�RWKHU
H[FLWLQJ�HYHQWV�ZH�GR�QRW�HYHQ�LPDJLQH�\HW�

��� )XWXUH�GHYHORSPHQWV

)LUVW�RI�DOO��WKH�ILQDO�KDQG\�VHWXS�KDV�WR�EH�GHVLJQHG��,W�PXVW�EH�SRVVLEOH�WR�SXW�WKH
ZKROH� V\VWHP� LQ� D� EULHIFDVH�� 7KLV� V\VWHP� FRQVLVWV� RI� D� ILHOG�� D�86%� YLGHR� FDPHUD�
OLJKWLQJ�DQG�D�ODSWRS��7KH�ILHOG�PXVW�EH�DGMXVWDEOH�LQ�RUGHU�WR�JHW�D�IODW�SRVLWLRQ��7KH
FDPHUD� DQG� WKH� OLJKWLQJ�PXVW� EH� VHOI� SRVLWLRQHG� DW� WKH� RSHQLQJ� RI� WKH� FDVH�� 7KH
ODSWRS��DW�OHDVW����0+]�ZLWK���0%�5$0��PXVW�KDYH�DQ�86%�SRUW��D�VHULDO�SRUW�DQG
DQ�(WKHUQHW� FDUG��$Q� LQFOXGHG�KXE�ZRXOG� EH� D� JRRG� WKLQJ� LQ� RUGHU� WR� UHFHLYH� WZR
XVHU�FRQQHFWLRQV�

2WKHU�RSWLRQV�FRXOG�EH�LQWHJUDWHG�LQ�WKH�ILQDO�VHWXS�VXFK�DV�

• $XWRPDWLF�VFRUH�FRXQWHU

• $XWRPDWLF�UHWXUQ�RI�WKH�EDOO�ZKHQ�D�JRDO�KDV�EHHQ�VFRUHG
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• $XWRPDWLF�UHWXUQ�WR�LQLWLDO�SRVLWLRQ�RI�WKH�URERWV

2I�FRXUVH��LW�ZRXOG�EH�LQWHUHVWLQJ�WR�WDNH�LQWR�DFFRXQW�WKH�UHPDUNV�RI�������8QVROYHG
SUREOHPV��LI�LW�LV�SRVVLEOH�WR�LPSURYH�WKRVH�FKDUDFWHULVWLFV�

)LQDOO\�� WKH� LQWHJUDWLRQ�RI�D�VLPXODWRU�ZRXOG�EH�DQ�H[FHOOHQW�DGGLWLRQ��.QRZLQJ� WKDW
WKH�V\VWHP�ZLOO�QRW�EH�WKDW�FKHDS��WKH�XVH�RI�RQH�RU�WZR�VHWXSV�LQ�D�FODVV�RI�DERXW
WZHQW\� VWXGHQWV� FRXOG� EH� PDGH� FRQVLGHUDEO\� HDVLHU�� LI� VWXGHQWV� FRXOG� WHVW� WKHLU
VWUDWHJ\�RQ�D�VLPXODWRU��EHIRUH�WDNLQJ�WKHP�WR�WKH�UHDO�VHWXS�

0RUHRYHU�� LW�GRHV�QRW�VHHP�WR�EH�D�JUHDW�FKDOOHQJH�WR�LPSOHPHQW�WKLV�VLPXODWRU��,Q
WKLV�FRQWH[W��ZH�KDYH�DOUHDG\�FRQWDFWHG�WKH�FUHDWRU�RI�³:HERWV´��VHH�>M@�LQ�DSSHQGL[
������2QO\�D�IHZ�FKDQJHV�PXVW�EH�GRQH�RQ�WKH�H[LVWLQJ�VLPXODWRU�RI�$OLFH�

��� :KDW�ZH�KDYH�OHDUQW

'XULQJ�WKLV�VHPHVWHU�SURMHFW��ZH�FRYHUHG�D�ORW�RI�ILHOGV�RI�NQRZOHGJH��)RU�H[DPSOH�
ZH�KDYH�SURJUDPPHG�LQ�DVVHPEOHU��IRU�WKH�3,&�RQ�$OLFH�DQG�RQ�WKH�UHPRWH�FRQWURO��
LQ� 'HOSKL� �IRU� WKH� PRGLILFDWLRQ� RI� &236�� DQG� LQ� &���� 3DUWLFXODUO\� LQ� WKLV� ODVW
ODQJXDJH��ZH�PDGH� LPSRUWDQW� SURJUHVVHV�� %HIRUHKDQG�� RXU� RQO\� NQRZOHGJH�ZDV� &
SURJUDPPLQJ�� 6R� ZH� OHDUQW� WR� PDQLSXODWH� WKH� ZKROH� FRQFHSW� RI� REMHFW� RULHQWHG
SURJUDPPLQJ��7KLV�LPSOLHV�WKH�NQRZOHGJH�RI�WHUPV�VXFK�DV�FODVV��REMHFW��LQKHULWDQFH�
VRFNHW�� PXOWLWDVNLQJ�� ZLQGRZV� EDVHG� PHVVDJHV�� HYHQW� KDQGOLQJ� DQG� PXOWLPHGLD
PDQDJHPHQW��:H�ZHUH�DOVR� OHDG� WR�ZRUN�ZLWK�VHYHUDO� W\SHV�RI� FRPPXQLFDWLRQ� OLNH
56�����86%��,5�DQG�7&3�,3�

7KH� IDFW� WKDW� WKH� SURMHFW� FRYHUV� YHU\� GLIIHUHQW� GRPDLQV� LV� W\SLFDO� RI� D� PLFUR
HQJLQHHULQJ�SURMHFW�� 7KLV� LV�ZKDW�PDGH� LW� YHU\� LQWHUHVWLQJ� IRU� XV�� )RU� H[DPSOH��ZH
PDGH� D� IRUD\� LQWR� PHFKDQLFV� �WKH� SK\VLFDO� VHWXS�� WKH� PHWDO� VKHHWV��� LQIRUPDWLFV�
URERWLFV�DQG�LPDJH�SURFHVVLQJ�

��� 7KDQNV

:H�ZRXOG� HVSHFLDOO\� OLNH� WR� WKDQN� 5pP\� %ODQN� IRU� KLV� NLQG� DWWHQWLRQ� DQG� KLV� KHOS
GXULQJ�RXU�KDUG�PRPHQWV�LQ�'HOSKL�RU�&���SURJUDPPLQJ��:H�KDYH�OHDUQW�D�ORW�ZLWK
KLV�SUHFLVH�DQVZHUV�DQG�KLV�H[SODQDWLRQV�DERXW�&236�DUFKLWHFWXUH�

$�ELJ�WKDQN�\RX�WR�RXU�DVVLVWDQWV��3DWULFN�%DOPHU�DQG�*LOOHV�&DSUDUL��ZKR�ZHUH�DOZD\V
DYDLODEOH�IRU�KHOS�DQG�LQWHUHVWLQJ�SURSRVLWLRQV�DQG�VXSSRUWHG�XV�DW�HYHU\�PRPHQW�

:H� ZRXOG� DOVR� OLNH� WR� WKDQN� 0LFKHO� /DXULD� IRU� WKH� ILUVW� TXHVWLRQV� DERXW� URERWLFV
VRFFHU�� DQG� -HDQ�0DUF� .ROOHU� IRU� WKH� ILUVW� FRQVLGHUDWLRQ� DERXW� UHDO� WLPH� LPDJH
SURFHVVLQJ�

7KDQNV�WR�$QWRQLR�/RSH]�IRU�WKH�SURGXFWLRQ�RI�WKH�PHWDO�VKHHWV�
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� %,%/,2*5$3+<

>�@ 52/$1' 6,(*:$57�� $XWRQRPRXV�PRELOH� URERWV�� &RXUV� ³6\VWqPHV� DXWRQRPHV´�
(3)/�±�'07�±�,65�±�$6/��/DXVDQQH������

>�@ *,//(6 &$35$5,�� 9/$',0,5 986.29,&�� 0RELOHU� IOH[LEOHU�0LQLURERWHU�� 'LSORPDUEHLW
DP�,QVWLWXW�I�U�5RERWLN�,I5��(7+=��=�ULFK������

>�@ .(17 5(,6'253+�� %RUODQG� &��� %XLOGHU� ��� 8QOHDVKHG�� 6DPV� 3XEOLVKLQJ�� -XQH
����

>�@ -2( &$6$' 	�%2%:,//6(<��7&3�,3��/H�WRXW�HQ�SRFKH��&DPSXV3UHVV������

>�@ 0$5&2 &$17Ô���0DVWHULQJ�'HOSKL����6<%(;������
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� $33(1',;

��� *ORVVDU\�	�DEEUHYLDWLRQV

• 7KUHDG��D�VHSDUDWH�WDVN�RU�SURFHVV�WKDW�UXQV�SDUDOOHO�WR�RWKHU�RQHV�LQ�D�VDPH
SURJUDP

• 86%��8QLYHUVDO�6HULDO�%XV

• 9I:��9LGHR�IRU�:LQGRZV

• $60��$OLFH�6RFFHU�0DQDJHU

• &236��&RORU�2EMHFW�3RVLWLRQ�6HUYHU

• 7&3�,3��7UDQVSRUW�&RQWURO�3URWRFRO���,QWHUQHW�3URWRFRO

• 3&��3HUVRQDO�&RPSXWHU

• ,5��,QIUD�5HG

��� 5HODWHG�ZHE�VLWHV

>D@ KWWS���GPWZZZ�HSIO�FK�LVU�DVO�SURMHFWV�DOLFHBSM�KWPO

>E@ KWWS���GPWZZZ�HSIO�FK�aM]XIIHUH�DOLFHBVRFFHU�KWP

>F@ KWWS���ZZZ�N�WHDP�FRP

>G@ KWWS���ZZZ�URERWLN�RUJ

>H@ KWWS���ZZZ�URERFXS�RUJ

>I@ KWWS���ZZZ�ILUD�QHW

>J@ KWWS���ZZZ�LURF�RUJ�(QJOLVK�5RERWRO\PSLDG�LQGH[BRO\PSLDGBHQJ�KWP

>K@ KWWS���ZZZ�PHLQ�QDJR\D�X�DF�MS�PD]H�LQGH[�KWPO

>L@ KWWS���ZZZ�ORJLWHFK�FK

>M@ KWWS���ZZZ�F\EHUERWLFV�FRP

>N@ KWWS���GPWZZZ�HSIO�FK�aSUDPHU�FSV�KWPO
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����� 6SHHGV�RI�$OLFH

Spe
ed

Phase
Period

[multiple
of 143 us]

Pause
between
cycles

Calculated
velocity
[mm/s]  

Velocity
[mm/s]

Rotations
[1/s] Stability Remarks

 12  
 20 0 12.8 stable left faster

 16  
 15 0 16.0

   
stable left faster

23
 11 0 23.3

   
stable forward: right faster,

backward: left faster
25

 10 0 25.6
   

stable slight jump forward
when moving backwards

28
 9 0 28.5 stable  

 32  
 8 0 32.0

   
stable  

29
0 7 11 29.0

   
stable right wheel faster

30 0.44
1 7 8 30.8

Loaded 30  
stable

 32 0.49
2 7 5 32.7

Loaded 32
stable

left wheel faster

 34 0.58
3 7 2 34.9

Loaded 34  
stable right wheel faster

 37 0.62
4 7 0 36.6

Loaded 35  
stable  

 43 0.75
5 6 0 42.7

Loaded 42  
stable  

 51 0.9
6 5 0 51.3

Loaded 51  
stable  

62 1.1
7 4 0 64.1

Loaded 62  
not stable  

 86  
8 3 0 85.4

Loaded 86  
not stable  

Formula for velocity : v = pi*d/(143us
*(6*PhPeriod + Pause)*180)
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Alice specifications  
Dimensions 22mm x 20mm x 19mm
Power supply resistor 56 kΩ
Power supply voltage 3.3 V
Velocity 29 to 51 mm/s
Power consumption < 10mW
Infrared communication 20 cm to 6 m
Power autonomy up to 10 hours
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��� 'LDJUDP�RI�RUJDQL]DWLRQ�RI�FRPSXWHU�UHVRXUFHV

A l ice Soccer  Manager
Alice thread :

-  manages the
communicat ion
with the 6 robots
- implements the
first feedback
loop
- calculates the
speed of  each
wheel ( the
trajectory to each
target)

COPS thread:
-  connects COPS and sends request  for  coordinates
- processes the value given by COPS (scale, speed, angle.. . )
-  puts current params in shared memory

C O P S:

- color object posit ion server
-  adapted for  USB camera
- 3 colors (1 per team + bal l)
-  tracking of each robot
- reset command for the ini t ial
posit ions of players

User program (team manager) :
(of course each user receives the current position of all objects on the field)

Different levels of commanding the robots :
- speed of each wheel of each robot (vl, vr)
- target position (x, y, theta)
- behavior (goalkeeper, forward, ...)

Different ways of implementing a soccer strategy :
- self-made program (C++, Visual Basic, Delphi, Pascal) using TCP/IP protocol
- using some dedicated functions for example in Matlab, Logo, etc.
- using a dedicated program (with a special language or a graphic interface)

Different configurations of computer resources :
-  al l  programs on the same machine as ASM and COPS
- another computer for user programs
- one computer per team

Shared memory
Current params of

objects (position, t ime
stamp, speed, ...)

Target position for
robots or wheels speed

or behavior

2nd user thread :
-  sends infos to Team #2
- wai ts for  user commands

1st user thread :
-  sends params to Team #1
- wai ts for  user commands

T
C

P
/I

P
T

C
P

/I
P

T
ea

m
 2

T
C

P
/I

P
T

ea
m

 1

3

1

4

6

2

50

USB Camera

R
S

23
2

&
 I

R
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��� $VVHPEOHU�FRGH�RI�DGDSWHG�FRPPXQLFDWLRQ�SURWRFRO

����� $OLFH
; *********************************************************
; * Software for Microrobot Alice *
; * Control of motors (1 KOhm) *
; * Command from IR module *
; * *
; * Authors:  G. Caprari *
; * Processor: MICROCHIP 16F84 *
; * Date: 4.8.1998 *
; * *
; * Modification: *
; * 981022 no "incf GlobCounter"; use Dark values *
; * 981027 no TmProgr; motor speed ++ *
; * 990914 just IR module, speed control *
; * 991117 new communication protocol (P. Ramer) *
; * 991125 no parity bit (P.Ramer) *
; * 991201 36 bit communication protocol (P. Ramer)*
; * *
; *********************************************************

LIST P=PIC16F84
__config B'11111111110001'

; power-un enabled, watchdog disabled, XT osc

;============-=========================================================
; CONFIGURATION
;=====================================================================

;=====================================================================
; Address of Minirobot used by remote control
;=====================================================================
NR_ROBOT equ .3 ; number assigned to this robot

; this robot use channel 1

;=====================================================================
; INLUDES
;=====================================================================

include "p16f84.inc" ; Standard header file
include "p84_cont.inc" ; Other usefull headers

; missing in "p16f84.inc"

;=====================================================================
; CONSTANTS
;=====================================================================

INTCON_INIT equ b'00000000' ; intcon register init value
OPTION_INIT equ b'11001000' ; option register init value
TRISA_INIT equ b'00000000' ; data direction port A init
PORTA_INIT equ b'00011000' ; port A init value
TRISB_INIT equ b'00000001' ; data direction port B init
PORTB_INIT equ b'00000000' ; port B init value

INT_PERIOD equ .143 ; 143µs at 4.00 MHz
;INT_PERIOD equ .125 ; 125µs at 4.00 MHz
;INT_PERIOD equ .100 ; 100µs at 4.00 MHz

GLOB_C_INIT equ .7 ; Global_Counter init value (5)
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;---------------------- Motors ---------------------------------------

#define Mright1 PORTB, 5
#define Mright23 PORTA, 0
#define Mright4 PORTB, 4
#define Mleft1 PORTB, 2
#define Mleft23 PORTB, 3
#define Mleft4 PORTB, 1

; Bits of MotorFlags0
#define MOTOR_OFF_ON MotorFlags0, 0 ; Robot is on a point
#define MOTOR_DIR MotorFlags0, 1 ; Movement direction
#define MOTOR_RIGHT MotorFlags0, 2 ; Right direction
#define MOTOR_LEFT MotorFlags0, 3 ; Left direction
#define MR_OFF_ON MotorFlags0, 4 ; 1 if motor is turned on
#define ML_OFF_ON MotorFlags0, 5 ;
#define MR_DIR MotorFlags0, 6 ; motor direction
#define ML_DIR MotorFlags0, 7 ; 1 forward
; Bits of MotorFlags1
#define MR_STEPS MotorFlags1, 0 ; motorR runs a nr of steps
#define ML_STEPS MotorFlags1, 1 ; motorL runs a nr of steps

MOTOR_INIT equ b'11110011' ; Motor ON

;---------------------- Side Sensors ---------------------------------
;#define LED_R PORTB, 6 ; power for right led
;#define LED_L PORTB, 7 ; power for left led

;---------------------- Communication --------------------------------
NR_PERIODS equ .14 ; period of a normal bit (10)
NR_BITS equ .6 ; nr of bit to receive for one robot
NR_ROBOTS equ .6 ; total number of robots

; bits of CommFlags0
#define RECEIVING CommFlags0, 0 ;
#define RECEIVED CommFlags0, 1 ;
#define ST_BIT1 CommFlags0, 2 ; receiving start bit
#define STOP CommFlags0, 3 ; robot is in stop situation
#define PARITY CommFlags0, 4 ; parity bit, not used
#define PARAMETER CommFlags0, 5 ; next command should be a
parameter
#define PERIOD_R CommFlags0, 6 ; last command was PERIOD_R
#define PERIOD_L CommFlags0, 7 ; last command was PERIOD_L
; bits of CommFlags1
#define STEPS_R CommFlags1, 0 ; last command was
STEPS_R
#define STEPS_L CommFlags1, 1 ; last command was
STEPS_L
#define PAUSE_R CommFlags1, 2 ; last command was
PAUSE_R
#define PAUSE_L CommFlags1, 3 ; last command was
PAUSE_L

;=====================================================================
; VARIABLES
;=====================================================================

CBLOCK VARS
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GlobCounter ; used for the mixer
StatusStack ; stack for status reg. in Timer Int.
WStack ; stack for w reg. in Timer Int.
Temp0 ; temporary variable

;---------------------- Motors ---------------------------------------
MR_Duty
MR_Phase
MR_PhPeriod
MR_Rotations
MR_Pause
ML_Duty
ML_Phase
ML_PhPeriod
ML_Rotations
ML_Pause
MotorFlags0
MotorFlags1

;---------------------- Communication --------------------------------
PeriodCounter ; start impulse lenght or Bit

; lenght (used for two jobs)
BitCounter
RobCounter ; counts the robots when receiving speed
Word
CommFlags0
CommFlags1
ENDC

if (CommFlags1>0x4F)
error "RAM oweflow"

endif

;#####################################################################
;                 PROGRAM
;#####################################################################

org RESET

goto Init ; in case of reset goto
; initialisation

;=====================================================================
;                 INTERRUPT SERVICE
;=====================================================================

org INT

Interrupt movwf WStack ; save registers
 movf STATUS, W

movwf StatusStack

btfss INTCON, INTE   ; INT enable bit
goto TimerInt
btfsc INTCON, INTF ; INT interrupt occurred
goto RB0Int

;============== Timer-Interrupt ======================================

TimerInt bcf INTCON, RTIF
movlw (.258 - INT_PERIOD) ; set pulse period
addwf RTCC, F
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btfsc RECEIVING
goto Communication
btfss ST_BIT1
goto TimerInt1
incf PeriodCounter, F ; receiving start bit
movlw (NR_PERIODS*2)
subwf PeriodCounter,W ; PeriodCounter-(NR_PERIOD*2)
btfss STATUS, C
goto TimerInt1

; start error
bcf ST_BIT1
bsf STATUS, RP0
bsf OPTION_REG, INTEDG
bcf STATUS, RP0
bcf INTCON, INTF
bsf INTCON, INTE
;goto TimerInt1

TimerInt1 goto MotorR

TmIntRest decfsz GlobCounter, F
goto Scheduler
movlw GLOB_C_INIT
movwf GlobCounter

Scheduler movf GlobCounter, W ; here is decided which procedure
addwf PCL, F ; will be executed during this

; cycle (just one pro cycle)
nop
goto TmEnd ; 7'
goto TmEnd ; 6'
goto TmEnd ; 5'
goto TmEnd ; 4'
goto TmEnd ; 3'
goto TmEnd ; 2'
goto TmEnd ; 1'

TmEnd movf StatusStack, W
movwf STATUS
movf WStack, W
retfie ; back from timer interrupt

;============== TABLES ========================================
; tables have to be in the first 256 Word of the program memory
;==============================================================

; --- table for the received commands from the remote control
; --- completely modified for new communication protocol
SpeedRTable addwf PCL, F ; jump to Speed

goto SpeedR0 ;
goto SpeedR1 ;
goto SpeedR2 ;
goto SpeedR3 ;

SpeedLTable addwf PCL, F ; jump to Speed
goto SpeedL0 ;
goto SpeedL1 ;
goto SpeedL2 ;
goto SpeedL3 ; 
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;------------------------------------------------------TABLES--

;============== Right Motor Control =====================================
; right motor
MotorR decfsz MR_Duty, F

goto NextMotor
movf MR_PhPeriod, W
movwf MR_Duty

btfss MR_OFF_ON
goto MR_stop
btfss MR_DIR
decf MR_Phase, F
btfsc MR_DIR
incf MR_Phase, F
movf MR_Phase, W
andlw b'00000111' ; mask the phase bits
addwf PCL, F ; jump to phase
goto MR_P0
goto MR_P1
goto MR_P2
goto MR_P3
goto MR_P4
goto MR_P5
goto MR_P6
goto MR_P7

;----------------------------------------------------------- MotorR --

;============== Left Motor Control ======================================
NextMotor
; left motor
MotorL decfsz ML_Duty, F

goto TmIntRest
movf ML_PhPeriod, W
movwf ML_Duty

btfss ML_OFF_ON
goto ML_stop
btfss ML_DIR
decf ML_Phase, F
btfsc ML_DIR
incf ML_Phase, F
movf ML_Phase, W
andlw b'00000111' ; mask the phase bits
addwf PCL, F ; jump to phase
goto ML_P0
goto ML_P1
goto ML_P2
goto ML_P3
goto ML_P4
goto ML_P5
goto ML_P6
goto ML_P7

;----------------------------------------------------------- MotorL --

;------------------
LastTable

if (LastTable>0xFF)
error "PCL oveflow in Tables"

endif
;-------------------
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nop
nop
nop
nop

;==================================================================
; right motor continuation

MR_stop bcf Mright1
bcf Mright4
bcf Mright23
movlw 1
movwf MR_Phase
goto NextMotor

MR_P0 movf MR_Pause, W ; I'm turning backwards
btfsc STATUS, Z
goto MR_P6
movwf MR_Duty ; MR_Duty:=MR_Pause
movlw 7
movwf MR_Phase ; next P6
bcf Mright1
bcf Mright4
bcf Mright23
goto NextMotor

MR_P7 movf MR_Pause, W ; I'm turning forwards
btfsc STATUS, Z
goto MR_P1
movwf MR_Duty ; MR_Duty:=MR_Pause
movlw 0
movwf MR_Phase ; next P1
bcf Mright1
bcf Mright4
bcf Mright23
goto NextMotor

MR_P1 bsf Mright1
bcf Mright4
bcf Mright23
movlw 1
movwf MR_Phase
btfss MR_STEPS ; position controlled?
goto NextMotor
decfsz MR_Rotations, F
goto NextMotor
bcf MR_OFF_ON ; 0 steps -> stop
bcf MR_STEPS
goto NextMotor

MR_P2 bsf Mright1
bcf Mright4
bsf Mright23
goto NextMotor

MR_P3 bcf Mright1
bcf Mright4
bsf Mright23
goto NextMotor

MR_P4 bcf Mright1
bsf Mright4
bsf Mright23
goto NextMotor
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MR_P5 bcf Mright1
bsf Mright4
bcf Mright23
goto NextMotor

MR_P6 bsf Mright1
bsf Mright4
bcf Mright23
movlw 6
movwf MR_Phase
goto NextMotor

;----------------------------------------------------------- MotorR --

;==================================================================
; left motor continuation

ML_stop bcf Mleft4
bcf Mleft1
bcf Mleft23
movlw 1
movwf ML_Phase
goto TmIntRest

ML_P0 movf ML_Pause, W ; I'm turning backwards
btfsc STATUS, Z
goto ML_P6
movwf ML_Duty ; ML_Duty:=ML_Pause
movlw 7
movwf ML_Phase ; next P6
bcf Mleft4
bcf Mleft1
bcf Mleft23
goto TmIntRest

ML_P7 movf ML_Pause, W ; I'm turning forwards
btfsc STATUS, Z
goto ML_P1
movwf ML_Duty ; ML_Duty:=ML_Pause
movlw 0
movwf ML_Phase ; next P1
bcf Mleft4
bcf Mleft1
bcf Mleft23
goto TmIntRest

ML_P1 bsf Mleft4
bcf Mleft1
bcf Mleft23
movlw 1
movwf ML_Phase
btfss ML_STEPS ; position cotrolled?
goto TmIntRest
decfsz ML_Rotations, F
goto TmIntRest
bcf ML_OFF_ON ; 0 steps -> stop
bcf ML_STEPS
goto TmIntRest

ML_P2 bsf Mleft4
bcf Mleft1
bsf Mleft23
goto TmIntRest

ML_P3 bcf Mleft4
bcf Mleft1
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bsf Mleft23
goto TmIntRest

ML_P4 bcf Mleft4
bsf Mleft1
bsf Mleft23
goto TmIntRest

ML_P5 bcf Mleft4
bsf Mleft1
bcf Mleft23
goto TmIntRest

ML_P6 bsf Mleft4
bsf Mleft1
bcf Mleft23
movlw 6
movwf ML_Phase
goto TmIntRest

;----------------------------------------------------------- MotorL --

;============== RB0-Interrupt ========================================

RB0Int bcf INTCON, INTF

btfsc ST_BIT1
goto StartBit0

StartBit1 bsf ST_BIT1 ; start bit just arrived
bsf STATUS, RP0 ; prepare to catch end of start bit
bcf OPTION_REG, INTEDG ; interrupt on falling edge of RB0
bcf STATUS, RP0
clrf PeriodCounter
goto SetRestTr

StartBit0 bcf ST_BIT1
bsf STATUS, RP0
bsf OPTION_REG, INTEDG ; interrupt on rising edge of RB0
bcf STATUS, RP0
movf PeriodCounter, W
sublw .2
btfsc STATUS, C ; test if is a false start bit
goto RetFromRB0I ; 2-W pos (W <= 2)
bsf RECEIVING ; 2-W neg (W > 2)
bcf INTCON, INTE ; disable RB0 interrupt

bcf STATUS, C
rrf PeriodCounter, W ; W=PeriodCounter/2
sublw NR_PERIODS ; W=NR_P - W
addlw NR_PERIODS
movwf PeriodCounter ; Wait to center of next bit
movlw NR_BITS
movwf BitCounter ; initialize BitCounter
movlw .1
movwf RobCounter ; initialize Robot Counter
;goto SetRestTr

SetRestTr
RetFromRB0I movf StatusStack, W

movwf STATUS
movf WStack, W
retfie

;----------------------------------------------------------- RB0-Interrupt
--
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;============== Communication ========================================

Communication
decfsz PeriodCounter, F
goto TimerInt1

movlw NR_ROBOT ; number of this robot
subwf RobCounter, W ; = NR_ROBOT ?
btfss STATUS, Z
goto NextBit

BitRcvd bcf STATUS, C
btfsc PORTB, 0 ; read input and store in carry
bsf STATUS, C
rrf Word, F ; store received bit

NextBit movlw NR_PERIODS
movwf PeriodCounter
decfsz BitCounter, F
goto TimerInt1

NextRob incf RobCounter, F
movlw NR_BITS
movwf BitCounter ; reinitialize BitCounter
movlw .7 ; last rob
subwf RobCounter, W ; = 7 ?
btfss STATUS, Z
goto TimerInt1

WordRcvd bcf RECEIVING ; end of 36 bit transmission
bsf RECEIVED
bcf INTCON, INTF
bsf INTCON, INTE
goto TimerInt1

;------------------------------------------------------Communication--

;=====================================================================
; INITIALISATION
;=====================================================================

Init bsf STATUS, RP0
movlw TRISA_INIT
movwf TRISA
movlw TRISB_INIT
movwf TRISB
movlw OPTION_INIT
movwf OPTION_REG
bcf STATUS, RP0

movlw PORTB_INIT
movwf PORTB
movlw PORTA_INIT
movwf PORTA

movlw INTCON_INIT
movwf INTCON

clrf CommFlags0
clrf CommFlags1
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movlw MOTOR_INIT
movwf MotorFlags0 ; set default motor values
clrf MotorFlags1
clrf MR_Phase
clrf ML_Phase
clrf MR_Pause
clrf ML_Pause
movlw .6
movwf MR_Duty
movwf ML_Duty

movlw .6 ;£äü!£!£ää!££ä!£!ä£!££!£!ä
movwf MR_PhPeriod
movwf ML_PhPeriod

movlw (GLOB_C_INIT+1)
movwf GlobCounter
clrf RTCC ; reset timer counter
bsf INTCON, RTIE ; and enabled timer interrupt
bsf INTCON, INTE ; and enabled hardware interrupt
bsf INTCON, GIE ; enabled general interrupt

;=====================================================================
; MAIN PROGRAM
;=====================================================================

Main
MainLoop btfss RECEIVED

goto MainLoop1 ; Nothing new

bcf RECEIVED ; command received
bcf STOP ; new command received, dont sleep

;---------------right speed------------------------------
RightSpeed rrf Word, F

rrf Word, F ; right speed in bits 0-2, left in bits
3-5

movf Word, W ; check speed parameter
andlw b'00000011' ; mask right speed parameter bits
goto SpeedRTable

SpeedR0 bcf MR_OFF_ON ; motor off
goto LeftSpeed

SpeedR1 movlw .7
movwf MR_PhPeriod
movlw .11
movwf MR_Pause
goto SpeedRDir

SpeedR2 movlw .7
movwf MR_PhPeriod
goto SpeedRPause0

SpeedR3 movlw .5
movwf MR_PhPeriod
goto SpeedRPause0

SpeedRPause0 movlw .0 ; Pause = 0
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movwf MR_Pause

SpeedRDir bcf MR_DIR
btfss Word, 2 ; parameter 0 pos or 1 neg
bsf MR_DIR
bsf MR_OFF_ON ; motor on

;---------------left speed------------------------------
LeftSpeed rrf Word, F

rrf Word, F
rrf Word, F ; left speed in bits 0-2
movf Word, W ; check speed parameter
andlw b'00000011' ; mask left speed parameter bits
goto SpeedLTable

SpeedL0 bcf ML_OFF_ON ; motor off
goto MainLoop1

SpeedL1 movlw .7
movwf ML_PhPeriod
movlw .11
movwf ML_Pause
goto SpeedLDir

SpeedL2 movlw .7
movwf ML_PhPeriod
goto SpeedLPause0

SpeedL3 movlw .5
movwf ML_PhPeriod
goto SpeedLPause0

SpeedLPause0 movlw .0 ; Pause = 0
movwf ML_Pause

SpeedLDir bcf ML_DIR
btfss Word, 2 ; parameter 0 pos or 1 neg
bsf ML_DIR
bsf ML_OFF_ON ; motor on

MainLoop1 goto MainLoop

;*********************************************************************
END
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����� 5HPRWH�FRQWURO
; *********************************************************
; * Software for Transmitter *
; * (Control of buttons and word *
; *  to transmitt ) *
; * *
; * Authors:  G. Caprari and  V. Vuskovic *
; * Processor: MICROCHIP 16F84 *
; * Date: 24.7.1996 *
; * modification *
; * 18.12.1996 *
; * 9.12.1997   RS232 comm *
; * 20.04.1998   new comm 4+4+1 bit *
; * G. Caprari 10.06.1998 faster comm *
; * 980806 osc 4 or 4.19 MHz *
; * 980806 new commands; no RS interruptor *
; * 981102 NR_RUN with SHIFT and FORWARD *
; * 991125 No parity bit (P. Ramer) *
; * 991201 36 bit communication protocol (P. Ramer)*
; *********************************************************

LIST P=PIC16F84
__config B'11111111110001'

; power-un enabled, watchdog disabled, XT osc

;======================================================================
; CONFIGURATION
;=====================================================================
PIC_419 equ 0
PIC_400 equ 1

; Address of Minirobot used by remote control pushing the buttons

NR_ROBOT equ .1 ; Address of robot in bits 6,5,4
; of communication word
; this remote controller use channel 1

;==========================================================================
=
; INLUDES
;==========================================================================
=

include "p16f84.inc" ; Standard header file,
include "p84_cont.inc" ; Other usefull headers

;==========================================================================
=
; CONSTANTS
;==========================================================================
=

INTCON_INIT equ b'00100000' ; intcon register init value
OPTION_INIT equ b'00001000' ; option register init value
TRISA_INIT equ b'00001000' ; data direction port A init value
TRISB_INIT equ b'11111111' ; data direction port B init value
PORTA_INIT equ b'00000100' ; port A init value
PORTB_INIT equ b'00000000' ; port B init value

NR_PERIODS equ .20 ;.40
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NR_PULSES equ .14 ;.26
NR_BITS_START equ .10 ; number of bits of first word including start
sequence (10)
NR_BITS equ .8 ; number of bits per word
NR_BITS_1 equ .9 ; NR_BITS + 1
NR_WORDS equ .5 ; speeds for all robs are packed into 5 words

; bits of Flags
SENDING equ 0
SENT equ 1
;FROM_RS equ 2
SHIFT equ 3

if PIC_419 == 1
PULSE_PERIOD equ .163 ; ca. 100µs at 4.19 MHz (164)
WAIT_ONE_BIT equ .32 ; 104 us for 9600 Baud at 4.19 MHz
WAIT_FIRST_BIT equ .15 ;  52 us for 9600 Baud at 4.19 MHz

else
PULSE_PERIOD equ .168 ; ca. 100µs at 4.00 MHz
WAIT_ONE_BIT equ .31 ; 104 us for 9600 Baud at 4 MHz
WAIT_FIRST_BIT equ .14 ;  52 us for 9600 Baud at 4 MHz

endif

;==========================================================================
=
; IN/OUT
;==========================================================================
=
#define RS_IN PORTA, 3 ; old 1
#define RS_OUT PORTA, 2
#define IR_LED PORTA, 1 ; old 2 (in SendBit1!!)

;==========================================================================
=
; VARIABLES
;==========================================================================
=

CBLOCK VARS
PortB_Flags
PeriodCounter ; period of a bit
BitCounter
WordCounter ; words needed for whole transmission
Word
Flags
BitToSend ; used bit 7

Word1 ; Word number 1 to send
Word2 ; Word number 2 to send
Word3 ; Word number 3 to send
Word4 ; Word number 4 to send
Word5 ; Word number 5 to send, only bits 0-3 used

W_STACK
STATUS_STACK
ImpulseCounter ; number of impulse of 1 bit
WaitCounter ; used for waiting
WaitCounter1

RS_BitCount ; RS232 bit counter
InByte ; input byte from RS232

ENDC
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;##########################################################################
#
; PROGRAM
;##########################################################################
#

 org RESET

 goto Init ; in case of reset goto initialisation
 goto Init

;==========================================================================
=
; INTERRUPT SERVICE
;==========================================================================
=

 org INT

Interrupt btfss INTCON, RTIF ; timer interrupt ?
retfie
btfss INTCON, RTIE
retfie

;============== Timer-Interrupt
============================================

Timer movwf W_STACK ; save registers
movf STATUS, W
movwf STATUS_STACK

movlw PULSE_PERIOD ; set pulse period
movwf RTCC

btfss Flags, SENDING
goto RetFromTI

SendImp btfss BitToSend, 7
goto SendBit0

SendBit1 movlw b'00000010' ; change output port A1=IR_LED
xorwf PORTA, F
decfsz ImpulseCounter, F
goto EndTransm
movlw NR_PULSES
movwf ImpulseCounter
bcf BitToSend, 7
goto EndTransm

SendBit0 bcf IR_LED

EndTransm decfsz PeriodCounter, F
goto RetFromTI

movlw NR_PERIODS
movwf PeriodCounter

movlw NR_BITS_START
subwf BitCounter, W ; = 10 ?
btfsc STATUS, Z
goto SendStart
movlw .1
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subwf BitCounter, W ; = 1 ?
btfss STATUS, Z
goto NextBit

WordEnd movlw .0
subwf WordCounter, W ; = 0 ?
btfsc STATUS, Z
goto SendEnd ; end of 36 bit transmission
decf WordCounter, F
movlw NR_BITS_1 ; number of bits of words 2-5, +1 to match

with dec
movwf BitCounter

NextBit movf WordCounter, W ; if a word is transmitted the
program

goto SendWordTable ; continuous here to prepare next word

SendWord1 rrf Word1, F ; move bit to send in a variable
goto SendWord

SendWord2 rrf Word2, F ; move bit to send in a variable
goto SendWord

SendWord3 rrf Word3, F ; move bit to send in a variable
goto SendWord

SendWord4 rrf Word4, F ; move bit to send in a variable
goto SendWord

SendWord5 movlw .5 ; only first 4 bits are used (8-5)
subwf BitCounter, W ; = 5 ?
btfsc STATUS, Z
goto SendEnd ; end of 36 bit transmission
rrf Word5, F ; move bit to send in a variable
;goto SendWord

SendWord rrf BitToSend, F
decf BitCounter, F
goto RetFromTI

SendStart ; sending starting sequence (10)
bcf BitToSend, 7
decf BitCounter, F
goto RetFromTI

SendEnd bcf Flags, SENDING ; end of sending
movlw NR_WORDS
movwf WordCounter ; reinitialization for receiving

RetFromTI movf STATUS_STACK, W
movwf STATUS
movf W_STACK, W
bcf INTCON, RTIF
retfie ; back from timer interrupt

;============== TABLES ========================================
; tables have to be in the first 256 Word of the program memory
;==============================================================

; --- table for the received words from rs
RecWordTable addwf PCL, F ; jump to Word to record

goto RecWord5 ;
goto RecWord4 ;
goto RecWord3 ;
goto RecWord2 ;
goto RecWord1 ;
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; --- table for words to send
SendWordTable addwf PCL, F ; jump to Word to send

goto SendWord5 ;
goto SendWord4 ;
goto SendWord3 ;
goto SendWord2 ;
goto SendWord1 ;

;------------------------------------------------------TABLES--

;==========================================================================
=
; INITIALISATION
;==========================================================================
=

Init clrf PORTA
bsf STATUS, RP0
movlw TRISA_INIT
movwf TRISA
movlw TRISB_INIT
movwf TRISB
movlw OPTION_INIT
movwf OPTION_REG
bcf STATUS, RP0

movlw PORTB_INIT
movwf PORTB
movlw PORTA_INIT
movwf PORTA

movlw INTCON_INIT
movwf INTCON

bcf IR_LED
clrf Flags
clrf PortB_Flags
movlw PULSE_PERIOD ; set pulse period
movwf RTCC
bsf INTCON, RTIE
bsf INTCON, GIE

movlw NR_WORDS
movwf WordCounter

;==========================================================================
=
; MAIN PROGRAM
;==========================================================================
=

Main btfsc Flags, SENDING
goto Main

bcf INTCON, GIE ; no interrupt when reading buttons or RS

btfsc RS_IN
goto Main

SerialRec btfsc RS_IN ; check start bit from input pin



6HPHVWHU�SURMHFW 6RFFHU�$OLFH

��

goto Main

movlw WAIT_FIRST_BIT
call    Wait
movlw   .8
movwf   RS_BitCount

ReadRx movlw WAIT_ONE_BIT
call    Wait
bcf STATUS, C ; copy RS_IN in Carry bit
btfsc RS_IN
bsf STATUS, C
rrf InByte, F
decfsz RS_BitCount, F
goto ReadRx

movlw WAIT_ONE_BIT ; wait for end of last bit
call    Wait

decf WordCounter, F ; count the received words
movf WordCounter, W
goto RecWordTable ;

RecWord1 movf InByte, W ; moves the received byte to the word variable
movwf Word1
goto Main

RecWord2 movf InByte, W ; moves the received byte to the word variable
movwf Word2
goto Main

RecWord3 movf InByte, W ; moves the received byte to the word variable
movwf Word3
goto Main

RecWord4 movf InByte, W ; moves the received byte to the word variable
movwf Word4
goto Main

RecWord5 movf InByte, W ; moves the received byte to the word variable
movwf Word5

SendIt bcf Flags, SHIFT
movlw NR_WORDS
movwf WordCounter ; reinitalize for sending
decf WordCounter, F ; WordCounter=4 to match with

SendWordTable
movlw NR_BITS_START ; first word + start sequence
movwf BitCounter
movlw NR_PERIODS
movwf PeriodCounter
movlw NR_PULSES
movwf ImpulseCounter
bsf BitToSend, 7
bsf Flags, SENDING
bsf INTCON, GIE
goto Main

;------------------------------------------------------------------
; Wait: Wait for specified time loaded into W register.
; Every loop takes 2.86 us @ 4.19 MHz.
; Every loop takes 3 us @ 4 MHz.
;------------------------------------------------------------------
Wait movwf WaitCounter
Wait1 decfsz WaitCounter, F ; Wait for specified Time

goto Wait1
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return

;------------------------------------------------------------------
; WaitLong : Wait for specified time loaded into W register.
; Every loop takes ... us @ 4.19MHz.
;------------------------------------------------------------------
WaitLong movwf WaitCounter

clrf WaitCounter1
WaitLong1 nop

decfsz WaitCounter1, F
goto WaitLong1
decfsz WaitCounter, F
goto WaitLong1
return

;
***************************************************************************

END
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��� 'HOSKL�FRGH�RI�DGDSWDWLRQ�RI�&236

����� *86%�SDV��&ODVV�IRU�86%�YLGHR�FDPHUD�JUDEEHU�

1RWH�WKDW�WKH�FRGH�EHORZ�GRHVQ¶W�FRQWDLQ�WKH�7*86%)RUP�FODVV�

{****************************************************************************

  GUSB.PAS   Grabber control for USB video camera.

  Author:   Rémy Blank / Jean-Christophe Zufferey
  Date:     21.09.99
  Purpose:  Provides a Video for Windows control class for an USB video camera.
  Program:  Delphi V3.02

  Classes:  TGUSB      Control class for USB frame grabber
            TGUSBForm  Associated settings form

  Remarks:  Based on Video for Windows
            Implemented for "Alice Footballeur"
            USES VfW.pas

  History:  adapted from TGPCX200.PAS

****************************************************************************}

unit GUSB;

interface

uses
Messages, SysUtils, Forms,

  Windows, ExtCtrls, Graphics, Classes, Dialogs, Controls, StdCtrls,
  FObject, Grabber, ComCtrls, VfW;

{*****   TGUSB class   **************************************************}
type
  TGUSB=class(TGrabber)
  private
    FhWndCap : HWND;                   // Handle of capture window

    FiDrvIndex : integer; // Index of connected driver
    

// (-1 = no driver connected)
    procedure GetCaptureFormat;
    procedure SetCaptureFormat;

  protected
                                       // Capture window allocation
    procedure AllocCapWnd
    procedure FreeCapWnd;
    

// Capture driver connection
    procedure ConnectDrv;
    procedure DisconnectDrv;
    

// Setting video callback function
    procedure SetVideoCallback;
    procedure FreeVideoCallback;
                                       // Open the dialog box "Video Source"
    procedure DlgVideoSource;
                                       // Property methods
    function GetCurVideoStd:TVideoStd; override;
    procedure SetImageFormat(const Val:TImageFormat); override;
    procedure SetXResolution(const Val:integer); override;
    procedure SetYResolution(const Val:integer); override;
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    procedure SetLeft(const Val:integer); override;
    procedure SetTop(const Val:integer); override;
    procedure SetWidth(const Val:integer); override;
    procedure SetHeight(const Val:integer); override;
    function GetInputNum:integer; override;
    procedure SetInputNum(const Val:integer); override;
    function GetInputType:TInputType; override;
    procedure SetInputType(const Val:TInputType); override;
    procedure SetVideoStd(const Val:TVideoStd); override;
    function GetBrightness:integer; override;
    procedure SetBrightness(const Val:integer); override;
    function GetContrast:integer; override;
    procedure SetContrast(const Val:integer); override;
    function GetSaturation:integer; override;
    procedure SetSaturation(const Val:integer); override;
    function GetHue:integer; override;
    procedure SetHue(const Val:integer); override;

  public
    property hWndCap : HWND read FhWndCap;

                                        // Maintenance
    constructor Create; override;
    destructor Destroy; override;
                                        // Get description of class
    class function ClassDescription:string; override;
                                        // Start continuous grab
    procedure Start; override;
                                        // Stop continuous grab
    procedure Stop; override;
                                        // Perform single grab
    procedure Single; override;

  published

  end;

                                          // VfW callback
function VideoCallback(hWnd: HWND; lpVHdr: LPVIDEOHDR): LRESULT; stdcall;

{*****   TGUSBForm class   **********************************************}
type
  TGUSBForm=class(TGrabberForm)

  public
                                        // Copy properties to/from form
    procedure FObjectToForm; override;
  end;

implementation

{$R *.DFM}

{****************************************************************************

Class:    TGUSB
Ancestor: TGrabber

Purpose: Control class for USB video camera.

****************************************************************************}

{*****   Maintenance   *****}

constructor TGUSB.Create;
begin
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  Inherited Create;

  FormClass:=TGUSBForm;                 // Set associated form class

  FGrabMode:=grmFrames;
  FVideoStd:=vsAutoDetect;
  FImageFormat:=ifRGB15;
  FiDrvIndex := -1; 

// No driver connected
  AllocCapWnd;                          // Create capture window
  ConnectDrv;

  // Store a pointer on TGUSB class in order to retrieve
  // private property in callback function
  SendMessage(FhWndCap, WM_CAP_SET_USER_DATA, 0, integer(Self));

  // Retrieve current values of image width and height
  GetCaptureFormat;

  FXResolution := FWidth; // No difference between X-YResoulution
  FYResolution := FHeight; // and image width and height

  FLeft := 0;
  FTop := 0;

  FInputNum := 0;

  SetVideoCallback;
// Set video callback function

end;

destructor TGUSB.Destroy;
begin
  Stop;
  FreeVideoCallback;

DisconnectDrv;
  FreeCapWnd;                           // Free capture window's handle
  Inherited Destroy;
end;

{*****   Get description of class   *****}

class function TGUSB.ClassDescription:string;
begin
  Result:='USB frame grabber';
end;

{*****   Capture window allocation   *****}

procedure TGUSB.AllocCapWnd;
begin

// Create an invisible capture window
FhWndCap := capCreateCaptureWindowA(NIL,  // No name

  0,    // No style (default to invisible)
                                    0, 0, 150, 150, // An arbitrary size
                                    0,    // No parent
                                    0);   // Don't care about the ID
end;

procedure TGUSB.FreeCapWnd;
begin

// Release the capture window's handle
DestroyWindow(FhWndCap);

end;

{*****   Capture driver connection   *****}

procedure TGUSB.ConnectDrv;
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var
  i : integer;
  CapParms : CAPTUREPARMS;
begin

i := 0;
while (SendMessage(FhWndCap, WM_CAP_DRIVER_CONNECT, i, 0) = 0)

  and (i<=MAXVIDDRIVERS) do
  begin
  i := i+1;
  end;
  FiDrvIndex := i;

// Settings of video capture sequence :
SendMessage(FhWndCap, WM_CAP_GET_SEQUENCE_SETUP,

  sizeof(CAPTUREPARMS), integer(@CapParms));
  CapParms.fMakeUserHitOKToCapture := false;
  CapParms.fYield := true;
  CapParms.wNumVideoRequested := 1;
  CapParms.fCaptureAudio := false;
  CapParms.vKeyAbort := 0;
  CapParms.fAbortLeftMouse := false;
  CapParms.fAbortRightMouse := false;
  CapParms.fLimitEnabled := false;
  CapParms.fMCIControl := false;
  SendMessage(FhWndCap, WM_CAP_SET_SEQUENCE_SETUP,
   sizeof(CAPTUREPARMS), integer(@CapParms));
end;

procedure TGUSB.DisconnectDrv;
begin

if FiDrvIndex <> -1 then // Only if a driver is already connected
  begin
  SendMessage(FhWndCap, WM_CAP_STOP, 0, 0);
    Sleep(500); 

// WM_CAP_STOP takes a few millisecs...
if SendMessage(FhWndCap, WM_CAP_DRIVER_DISCONNECT, FiDrvIndex, 0) <> 0 then

  FiDrvIndex := -1; // No driver connected
  end;
end;

{*****   Setting video callback function   *****}

procedure TGUSB.SetVideoCallback;
begin
  SendMessage(FhWndCap, WM_CAP_SET_CALLBACK_VIDEOSTREAM, 0,
  integer(@VideoCallback));
end;

procedure TGUSB.FreeVideoCallback;
begin
  SendMessage(FhWndCap, WM_CAP_SET_CALLBACK_VIDEOSTREAM, 0, 0);
//  FreeProcInstance(@TGUSB.VideoCallback);
end;

{*****   Video callback function   *****}

function VideoCallback(hWnd: HWND; lpVHdr: LPVIDEOHDR): LRESULT; stdcall;
var

Image : TImageInfo;
  Me : TGUSB;
begin
  // Retrieve the pointer on TGUSB class stored in USER_DATA of capture window
  Me:=TGUSB(SendMessage(hWnd, WM_CAP_GET_USER_DATA, 0, 0));
  if not Me.IsRunning then
  begin
    result := integer(true);
    Exit;
  end;
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  // Set image settings
  Image.Width := Me.FWidth;
  Image.Height := Me.FHeight;
  Image.BPP := 2; // Byte per pixel
  Image.ScanLineLen := ((Me.FWidth*Image.BPP)+3) and not 3;
  Image.Size := Image.ScanLineLen*Image.Height;
  Image.Format := Me.FImageFormat;
  Image.FieldType := ftFrame;
  Image.PalettePtr := nil;
  Image.Buffer := lpVHdr^.lpData;
  Image.hBMP := 0;                     // Not available with VfW
  Image.pBI := nil;                    // Not available with VfW

  Me.DoNewImage(Image);

  result := integer(true);
end;

{*****   Capture format   *****}

procedure TGUSB.GetCaptureFormat;
var

biInfo : TBITMAPINFO;
begin

SendMessage(FhWndCap, WM_CAP_GET_VIDEOFORMAT, sizeof(TBITMAPINFO),
integer(@biInfo));

  FWidth := biInfo.bmiHeader.biWidth;
  FHeight := biInfo.bmiHeader.biHeight;
end;

procedure TGUSB.SetCaptureFormat;
var

biInfo : TBITMAPINFO;
begin

SendMessage(FhWndCap, WM_CAP_GET_VIDEOFORMAT, sizeof(TBITMAPINFO),
integer(@biInfo));
  biInfo.bmiHeader.biSize := 40;
  biInfo.bmiHeader.biWidth := FWidth;
  biInfo.bmiHeader.biHeight := FHeight;
  biInfo.bmiHeader.biPlanes := 1;
  case FImageFormat of
    ifY8:
      biInfo.bmiHeader.biBitCount := 8;

    ifRGB15:
      biInfo.bmiHeader.biBitCount := 16;

    ifRGB16:
      biInfo.bmiHeader.biBitCount := 16;

    ifRGB24:
      biInfo.bmiHeader.biBitCount := 24;

    ifRGB32:
      biInfo.bmiHeader.biBitCount := 32;

    else
      biInfo.bmiHeader.biBitCount := 0;
  end;

  biInfo.bmiHeader.biCompression := 0;
  biInfo.bmiHeader.biSizeImage := FWidth*FHeight*

(biInfo.bmiHeader.biBitCount DIV 8);
  biInfo.bmiHeader.biXPelsPerMeter := 0;
  biInfo.bmiHeader.biYPelsPerMeter := 0;
  biInfo.bmiHeader.biClrUsed := 0;
  biInfo.bmiHeader.biClrImportant := 0;
  SendMessage(FhWndCap, WM_CAP_SET_VIDEOFORMAT, sizeof(TBITMAPINFO),
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  integer(@biInfo));

end;

{*****   Open the dialog box "Video Source", if it exists    *****}

procedure TGUSB.DlgVideoSource;
begin
  PostMessage(FhWndCap, WM_CAP_DLG_VIDEOSOURCE, 0, 0);
end;

{*****   Start continuous grab   *****}

procedure TGUSB.Start;
begin
  if not FIsRunning then
  begin
    Inherited Start;
    // Start capture
    SendMessage(FhWndCap, WM_CAP_SEQUENCE_NOFILE, 0, 0);
    DlgVideoSource;
  end;
end;

{*****   Stop continuous grab   *****}

procedure TGUSB.Stop;
begin
  if FIsRunning then
  begin
    Inherited Stop;
    SendMessage(FhWndCap, WM_CAP_STOP, 0, 0);
  end;
end;

{*****   Perform single grab   *****}

procedure TGUSB.Single;

begin
// Not necessary at the moment

end;

{*****   Property methods   *****}

function TGUSB.GetCurVideoStd:TVideoStd;
begin

Result:=vsAutoDetect;
end;

procedure TGUSB.SetImageFormat(const Val:TImageFormat);
begin
  if Val<>FImageFormat then
  begin
    Stop;
    Inherited SetImageFormat(Val);      // Set stored value
    SetCaptureFormat;
  end;
end;

procedure TGUSB.SetXResolution(const Val:integer);
begin
  if Val<>FXResolution then
    begin
      Inherited SetXResolution(Val);
      SetWidth(Val);                    // XResolution = Width for USB cam
    end
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end;

procedure TGUSB.SetYResolution(const Val:integer);
begin
  if Val<>FYResolution then
    begin
      Inherited SetYResolution(Val);
      SetHeight(Val);                    // YResolution = Height for USB cam
    end
end;

procedure TGUSB.SetLeft(const Val:integer);
begin
  if Val<>FLeft then
    Inherited SetLeft(0);
end;

procedure TGUSB.SetTop(const Val:integer);
begin
  if Val<>FTop then
    Inherited SetTop(0);
end;

procedure TGUSB.SetWidth(const Val:integer);
begin
  if Val<>FWidth then
    begin
      Stop;
      Inherited SetWidth(Val);
      SetCaptureFormat;
    end;
end;

procedure TGUSB.SetHeight(const Val:integer);
begin
  if Val<>FHeight then
    begin
      Stop;
      Inherited SetHeight(Val);
      SetCaptureFormat;
    end;
end;

function TGUSB.GetInputNum:integer;
begin
  Result:=0;
end;

procedure TGUSB.SetInputNum(const Val:integer);
begin
end;

function TGUSB.GetInputType:TInputType;
begin

Result:=itComposite;
end;

procedure TGUSB.SetInputType(const Val:TInputType);
begin
end;

procedure TGUSB.SetVideoStd(const Val:TVideoStd);
begin
end;

function TGUSB.GetBrightness:integer;
begin
  Result:=0;
end;
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procedure TGUSB.SetBrightness(const Val:integer);
begin
end;

function TGUSB.GetContrast:integer;
begin
  Result:=0;
end;

procedure TGUSB.SetContrast(const Val:integer);
begin
end;

function TGUSB.GetSaturation:integer;
begin
  Result:=0;
end;

procedure TGUSB.SetSaturation(const Val:integer);
begin
end;

function TGUSB.GetHue:integer;
begin
  Result:=0;
end;

procedure TGUSB.SetHue(const Val:integer);
begin
end;
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7KH�IROORZLQJ�IXQFWLRQV�FRPHV�IURP�7PDLQ)RUP�FODVV�
{*****   Event: Track blob ID   *****}
// This procedure as been adapted for "Alice Footballeur". (jcz/15.11.99)

procedure TMainForm.TrackBlobID(Sender:TBlobServer; var BlobList:TBlobList;
                                PrevBlobList:TBlobList; bReset:boolean);
const
  nRobPerTeam=3;

var
  i,IDBall:integer;
  Dummy:TBlob;
  nBlobs:integer;

begin
  FillChar(Dummy, SizeOf(Dummy), 0);    // Make dummy blob

  BlobList.SortEv(SortEventColor);      // Sort list by color

  for i:=0 to BlobList.Count-1 do       // Tag=-2 => object found
    BlobList[i].Tag:=-2;

// First team (color=1, IDs=0,1,2)
  nBlobs:=BlobList.ColUsage[1];
  if nBlobs<nRobPerTeam then            // Not enough robots for current team ?
  begin
    for i:=0 to (nRobPerTeam-nBlobs)-1 do
    begin
      Dummy.Color:=1;
      BlobList.Insert(i, Dummy);        // Insert dummy blob
      BlobList[i].Tag:=-1;              // Tag=-1 => dummy blob
    end;
  end
  else if nBlobs>nRobPerTeam then       // Too much robots for current team ?
  begin

  end;

// Second team (color=2, IDs=3,4,5)
  nBlobs:=BlobList.ColUsage[2];
  if nBlobs<nRobPerTeam then            // Not enough robots for current team ?
  begin
    for i:=nRobPerTeam to (2*nRobPerTeam-nblobs)-1 do
    begin
      Dummy.Color:=2;
      BlobList.Insert(i, Dummy);        // Insert dummy blob
      BlobList[i].Tag:=-1;              // Tag=-1 => dummy blob
    end;
  end
  else if nBlobs>nRobPerTeam then       // Too much robots for current team ?
  begin

  end;

// The ball (color=3, ID=6)
  IDBall:=2*nRobPerTeam;
  nBlobs:=BlobList.ColUsage[3];
  if nBlobs=0 then                      // No ball ?
  begin
    Dummy.Color:=3;                     // Set dummy blob color
    if Assigned(PrevBlobList) then
    begin
      if PrevBlobList.Tag=1 then        // Found in previous list
      begin
        BlobList.Insert(IDBall, PrevBlobList[IDBall]^);
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        BlobList[i].Tag:=-1             // Tag=-1 => dummy blob
      end
      else
        BlobList.Insert(IDBall, Dummy); // Not found, insert dummy blob
        BlobList[i].Tag:=-1             // Tag=-1 => dummy blob
    end
    else
      BlobList.Insert(IDBall, Dummy);   // List not valid, insert dummy blob
      BlobList[i].Tag:=-1;              // Tag=-1 => dummy blob
  end
  else if nBlobs>1 then                 // More than one ball ?
  begin

  end;

  if Assigned(PrevBlobList) then
  begin
    if bReset then                      // Reset to initial position
    begin
      BlobList.SortEv(SortEventPos);    // Sort by Y
    end
    else
    begin
      SetTag(BlobList, PrevBlobList);   // Set tag = ID (jcz/17.11.99)
      BlobList.SortEv(SortEventTag);    // Sort list by tag
    end
  end;

  BlobList.Tag:=1;                      // Flag for "structured list"
end;

// This procedure as been added for "Alice Footballeur". (jcz/15.11.99)
procedure TmainForm.SetTag(var BlobList:TBlobList; PrevBlobList:TBlobList);

const
  nRobPerTeam=3;

var
  o,n:integer;
  dist,odist:double;

begin

  for n:=0 to nRobPerTeam-1 do          // First team (color=1, IDs=0,1,2)
  begin
    odist:=1000000;
    for o:=0 to nRobPerTeam-1 do
    begin
      dist:=Sqrt(Sqr(PrevBlobList[o].pX-BlobList[n].pX)+
            Sqr(PrevBlobList[o].pY-BlobList[n].pY));
      if dist<odist then
      begin
        BlobList[n].Tag:=o;
        odist:=dist;
      end;
    end;
  end;

  for n:=nRobPerTeam to 2*nRobPerTeam-1 do  // Second team (color=2, IDs=3,4,5)
  begin
    odist:=1000000;
    for o:=nRobPerTeam to 2*nRobPerTeam-1 do
    begin
      dist:=Sqrt(Sqr(PrevBlobList[o].pX-BlobList[n].pX)+
            Sqr(PrevBlobList[o].pY-BlobList[n].pY));
      if dist<odist then
      begin
        BlobList[n].Tag:=o;
        odist:=dist;
      end;
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    end;
  end;

  BlobList.Items[2*nRobPerTeam].Tag:=2*nRobPerTeam; // Ball

end;

{*****   Event: Sort blob list   *****}
// This procedures have been adapted for "Alice Footballeur". (jcz/15.11.99)

function TMainForm.SortEventColor(const Blob1, Blob2:TBlob):integer;
begin
  if Blob1.Color<Blob2.Color then
    Result:=-1
  else if Blob1.Color>Blob2.Color then
    Result:=1
  else
    Result:=0;
end;

function TMainForm.SortEventTag(const Blob1, Blob2:TBlob):integer;
begin
  if Blob1.Tag<Blob2.Tag then
    Result:=-1
  else if Blob1.Tag>Blob2.Tag then
    Result:=1
  else
    Result:=0;
end;

function TMainForm.SortEventPos(const Blob1, Blob2:TBlob):integer;
begin
  if Blob1.Color<Blob2.Color then
    Result:=-1
  else if Blob1.Color>Blob2.Color then
    Result:=1
  else if Blob1.Y<Blob2.Y then
    if Blob1.Color<2 then Result:=-1
    else Result:=1
  else if Blob1.Y>Blob2.Y then
    if Blob1.Color<2 then Result:=1
    else Result:=-1
  else
    Result:=0;
end;

7KH�IROORZLQJ�IXQFWLRQ�FRPHV�IURP�7EORE6HUYHU�FODVV�
{*****   Track blob angle   *****}

procedure TBlobServer.TrackBlobAngle(bReset:boolean);
var
  i:integer;

begin
  if BlobList.Count=OldBlobList.Count then
  begin
    for i:=0 to BlobList.Count-1 do
      with BlobList[i]^ do
      begin
// **************** Added by jcz for Alice Soccer
        if bReset then
        begin
         if (i<3) and (Abs(pTheta)>Pi/2) then
          begin
            Theta:=ModuloPi(Theta-Pi);
            pTheta:=ModuloPi(pTheta-Pi);
          end;
         if (i>=3) and (Abs(pTheta)<Pi/2) then
          begin
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            Theta:=ModuloPi(Theta-Pi);
            pTheta:=ModuloPi(pTheta-Pi);
          end
        end
// **************** End
        else if Abs(ModuloPi(pTheta-OldBlobList[i]^.pTheta))>Pi/2 then
        begin
          Theta:=ModuloPi(Theta-Pi);
          pTheta:=ModuloPi(pTheta-Pi);
        end;

      end;
  end;
end;
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$OLFH&RP�K
//---------------------------------------------------------------------------
#ifndef AliceComH
#define AliceComH

#include <windows.h>    // includes basic windows functionality
#include <math.h>
#include <stdio.h>
#include <conio.h>

#include "Constants.h"

//---------------------------------------------------------------------------
// General constants
//---------------------------------------------------------------------------

// Speed definitions
#define SPEED0 0
#define SPEED1 1
#define SPEED2 2
#define SPEED3 3
#define SPEED_MIN SPEED1

// Motion control constants
#define K_RHO 1      // K_RHO > 0
#define K_ALPHA 6    // K_ALPHA > K_RHO - K_PHI
#define K_PHI -0.5     // K_PHI < 0
#define RHO_THRESHOLD 10 // distance in mm at which goal position is achieved
#define PHI_THRESHOLD 0.4 // angle in rad at which goal position is achieved
#define V_THRESHOLD 20     // velocity can't be higher than sum of V_THRESHOLD
                           // and VELOCITY_MAX

// Physical constants
#define WHEEL_AXLE 9 // half the length of the wheel axle of Alice (in mm)
#define VELOCITY1 3 // threshold below which velocity is zero
#define VELOCITY2 29
//#define VELOCITY2 37
#define VELOCITY3 51
#define VELOCITY_MAX VELOCITY3

//---------------------------------------------------------------------------
// TSendAlice class
//---------------------------------------------------------------------------

class TSendAlice : public TObject
{
public:

__fastcall TSendAlice();
virtual __fastcall ~TSendAlice();
void __fastcall SendByte(BYTE byte_to_send);

private:
HANDLE handle;
HANDLE __fastcall OpenCOM1();
void __fastcall CloseCOM1(HANDLE handle);

};

//---------------------------------------------------------------------------
// TAliceCtrl class
//---------------------------------------------------------------------------
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class TAliceCtrl : public TObject
{
public:
   // Methods

__fastcall TAliceCtrl();
virtual __fastcall ~TAliceCtrl();

   void __fastcall SetCurrentPosition(int nrRob, int x, int y, double theta);
   void __fastcall SetTarget(int nrRob, int mode, int flag, int x, int y, double
theta);

   //void __fastcall ClearPositionFlag(int nrRob);
   //bool __fastcall GetPositionFlag(int nrRob);
   void __fastcall SendSpeed();

   // Debug methods
   void __fastcall GetDebugVar(int *dx, int *dy,
      double *vr, double *v, double *omega, double *rho, double *alpha, double
*phi, double *arctangent,
      double *VelocityRight, double *VelocityLeft,
      int *x0, int *y0, double *theta0, int *x, int *y, double *theta,
      int *SpeedRight, int *SpeedLeft,
      int *PreSpeedRight, int *PreSpeedLeft,
      int *TestPassing);

   // declared public only for debugging
   void __fastcall StopRob();  // to be used in MotionCtrlForm

private:
   // Variables
   struct RobotPositions
   {
      int Mode;
      int x, y, x0, y0;
      double theta, theta0;
      int SpeedR, SpeedL;
      bool BackwardFlag;    // defines if robot arrives backwards at target
position
   } Robot[NUMBER_ROBOTS];

   //bool PositionFlag[NUMBER_ROBOTS]; // = true if goal position achieved

   struct History
   {
      int PreviousSpeedR, PreviousSpeedL;
   } CommandHistory[NUMBER_ROBOTS];

   TSendAlice* SendAlice;
// add this again later
/*
   // Variable Constants
   double K_PHI;
   double K_ALPHA;
   double K_RHO;
   double RHO_THRESHOLD;
   double PHI_THRESHOLD;
*/
   //Debug variables
   struct DebugVar
   {
      int dx, dy;
      double vr, v, omega, rho, alpha, phi, arctangent;
      double VelocityRight, VelocityLeft;
      int x0, y0, x, y;
      double theta0, theta;
      int SpeedRight, SpeedLeft;
      int PreSpeedRight, PreSpeedLeft;
      int TestPassing;
   } DVar;
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   //Methods
   void __fastcall InitHistory();
   void __fastcall SetGoalPosition(int nrRob, int flag, int x, int y, double
theta);
   void __fastcall SetRequestedSpeed(int nrRob, int SpeedR, int SpeedL);
   void __fastcall GetRequestedSpeed(int nrRob, int *SpeedR, int *SpeedL);
   void __fastcall SetPreviousSpeed(int nrRob, int SpeedR, int SpeedL);
   void __fastcall GetPreviousSpeed(int nrRob, int *SpeedR, int *SpeedL);
   //void __fastcall SetPositionFlag(int nrRob);
   void __fastcall ReadConstants();
   void __fastcall Velocity(RobotPositions *Rob, int *SpeedRight, int *SpeedLeft,
int nrRob);
   void __fastcall GetSpeed(double VelocityR, double VelocityL, double omega,
                           int *SpeedR, int *SpeedL);
   int __fastcall QuantizeVelocity(int velocity);
   int __fastcall Sign(int value);

   //Debug methods
   void __fastcall SetDebugVar(int dx, int dy,
      double vr, double v, double omega, double rho, double alpha, double phi,
double arctangent,
      double VelocityRight, double VelocityLeft,
      int x0, int y0, double theta0, int x, int y, double theta,
      int SpeedRight, int SpeedLeft,
      int TestPassing);
   void __fastcall SetMoreDebugVar(int PreSpeedRight, int PreSpeedLeft);
};

//---------------------------------------------------------------------------
#endif

$OLFH&RP�FSS
/*
   AliceCom.cpp

Author:   Patrick Ramer
Date:   21.09.1999
Abstract: Manages Serial Port

            Provides the Speed and sends them to Alice

  Classes:  TSendAlice
            TAliceCtrl

Software: Borland C++ Builder 4
Modifications:  991811 New Communication Protocol (foot1.asm)

Conclusions:
Errors:

Version: 0.0
Used files:
Organization: ASL EPFL

*/

//---------------------------------------------------------------------------
#include <vcl.h>
#pragma hdrstop

#include "AliceCom.h"

//---------------------------------------------------------------------------
#pragma package(smart_init)

// Extern variables
extern TMultiReadExclusiveWriteSynchronizer* Sync;



6HPHVWHU�SURMHFW 6RFFHU�$OLFH

��

// add this again later, activate ReadConstants in SendSpeed

/*
// Constants in Shared memory
extern double KPhiShared;
extern double KAlphaShared;
extern double KRhoShared;
extern double PhiThresholdShared;
extern double RhoThresholdShared;
*/

//---------------------------------------------------------------------------
// TSendAlice class
//---------------------------------------------------------------------------

//---------------------------------------------------------------------------
// Construction/Destruction

__fastcall TSendAlice::TSendAlice()
{

handle = OpenCOM1();
}

__fastcall TSendAlice::~TSendAlice()
{

CloseCOM1(handle);
}
//---------------------------------------------------------------------------

//---------------------------------------------------------------------------
// Open Serial Port
HANDLE __fastcall TSendAlice::OpenCOM1()
{
   HANDLE handle;
   DCB com1DCB;
   LPDCB ptrDCB;
   COMMTIMEOUTS CommTimeOuts;
   int result=1;

   ptrDCB = (LPDCB) &com1DCB;

   if ((handle = CreateFile( "COM1", (GENERIC_WRITE | GENERIC_READ),
    0, NULL, OPEN_EXISTING,
                FILE_ATTRIBUTE_NORMAL, NULL))

== (HANDLE) -1)
   {
      Application->MessageBox("Error opening COM1", "Error Serial Port", 0);
      return(0);
   }

   CommTimeOuts.ReadIntervalTimeout=MAXDWORD;
   CommTimeOuts.ReadTotalTimeoutMultiplier=0;
   CommTimeOuts.ReadTotalTimeoutConstant=500; // 500 milliseconds
   CommTimeOuts.WriteTotalTimeoutMultiplier=0;
   CommTimeOuts.WriteTotalTimeoutConstant=1000;
   result *= SetCommTimeouts(handle, &CommTimeOuts);
   result *= SetupComm(handle,100,100);

   result *= GetCommState(handle, ptrDCB);
   com1DCB.BaudRate = CBR_9600;
   com1DCB.fDsrSensitivity = FALSE;
   com1DCB.ByteSize = 8;
   com1DCB.Parity = NOPARITY;
   com1DCB.StopBits = ONESTOPBIT;
   result *= SetCommState(handle, ptrDCB);

   if (!result)
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      Application->MessageBox("Cannot open COM1", "Error Serial Port", 0);
   //else
      //Application->MessageBox("COM1 has been opened", "Serial Port COM1", 0);

   return(handle);
}
//---------------------------------------------------------------------------

//---------------------------------------------------------------------------
// Close Serial Port
void __fastcall TSendAlice::CloseCOM1(HANDLE handle)
{
   CloseHandle (handle);
   //Application->MessageBox("COM1 has been closed", "Serial Port COM1", 0);
}
//---------------------------------------------------------------------------

//---------------------------------------------------------------------------
// Send one byte to the serial port
void __fastcall TSendAlice::SendByte(BYTE byte_to_send)
{
   int result=1;
   DWORD Written;

   result *= WriteFile (handle, &byte_to_send, 1, &Written, NULL);

   if (Written !=1)
   {
      Application->MessageBox("Unable to write to COM1", "Error Serial Port", 0);
      return;
   }

   if (!result)
      Application->MessageBox("Byte not sent", "Error Serial Port", 0);
}
// End TSendAlice class
//---------------------------------------------------------------------------

//---------------------------------------------------------------------------
// TAliceCtrl class
//---------------------------------------------------------------------------

//---------------------------------------------------------------------------
// Construction/Destruction

__fastcall TAliceCtrl::TAliceCtrl()
{
  InitHistory();
  SendAlice = new TSendAlice;
}

__fastcall TAliceCtrl::~TAliceCtrl()
{
  SendAlice->Free();
}
//---------------------------------------------------------------------------

//---------------------------------------------------------------------------
// Initialize Command History
void __fastcall TAliceCtrl::InitHistory()
{
   int i;
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   for (i=0;i<NUMBER_ROBOTS;i++)
      SetPreviousSpeed(i,0,0);
}

//---------------------------------------------------------------------------
// Set actual position
void __fastcall TAliceCtrl::SetCurrentPosition(int nrRob, int x, int y, double
theta)
{
   Robot[nrRob].x0 = x;
   Robot[nrRob].y0 = y;
   Robot[nrRob].theta0 = theta;
}

//---------------------------------------------------------------------------
// Set goal position
void __fastcall TAliceCtrl::SetGoalPosition(int nrRob, int flag, int x, int y,
double theta)
{
  if (flag == 1)
    Robot[nrRob].BackwardFlag = true;
  else
    Robot[nrRob].BackwardFlag = false;
  Robot[nrRob].x = x;
  Robot[nrRob].y = y;
  Robot[nrRob].theta = theta;
}

//---------------------------------------------------------------------------
// Set Speed
void __fastcall TAliceCtrl::SetRequestedSpeed(int nrRob, int SpeedR, int SpeedL)
{
   Robot[nrRob].SpeedR = SpeedR;
   Robot[nrRob].SpeedL = SpeedL;
}

//---------------------------------------------------------------------------
// Get position
void __fastcall TAliceCtrl::GetRequestedSpeed(int nrRob, int *SpeedR, int *SpeedL)
{
   *SpeedR = Robot[nrRob].SpeedR;
   *SpeedL = Robot[nrRob].SpeedL;
}

//---------------------------------------------------------------------------
// Set previous Speed
void __fastcall TAliceCtrl::SetPreviousSpeed(int nrRob, int SpeedR, int SpeedL)
{
   CommandHistory[nrRob].PreviousSpeedR = SpeedR;
   CommandHistory[nrRob].PreviousSpeedL = SpeedL;
}

//---------------------------------------------------------------------------
// Get previous Speed
void __fastcall TAliceCtrl::GetPreviousSpeed(int nrRob, int *SpeedR, int *SpeedL)
{
   *SpeedR = CommandHistory[nrRob].PreviousSpeedR;
   *SpeedL = CommandHistory[nrRob].PreviousSpeedL;
}

//---------------------------------------------------------------------------
// Set requested target depending on mode
void __fastcall TAliceCtrl::SetTarget(int nrRob, int mode, int flag, int x, int y,
double theta)
{
  Robot[nrRob].Mode = mode;

  switch(mode)
  {
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    case(0) : SetRequestedSpeed(nrRob,y,x); // y is right Speed, x is left Speed
              break;
    case(1) : SetGoalPosition(nrRob,flag,x,y,theta);
              break;
    case(2) : break; // not yet implemented
    default : SetGoalPosition(nrRob,flag,x,y,theta);
  }
}

//PositionFlag is now done in Strategy
/*
//---------------------------------------------------------------------------
// Set position flag
void __fastcall TAliceCtrl::SetPositionFlag(int nrRob)
{
   PositionFlag[nrRob] = true;
}

//---------------------------------------------------------------------------
// Clear position flag
void __fastcall TAliceCtrl::ClearPositionFlag(int nrRob)
{
   PositionFlag[nrRob] = false;
}

//---------------------------------------------------------------------------
// Get position flag
bool __fastcall TAliceCtrl::GetPositionFlag(int nrRob)
{
   return(PositionFlag[nrRob]);
}
*/

//---------------------------------------------------------------------------
// Set debug variables
void __fastcall TAliceCtrl::SetDebugVar(int dx, int dy,
   double vr, double v, double omega, double rho, double alpha, double phi, double
arctangent,
   double VelocityRight, double VelocityLeft,
   int x0, int y0, double theta0, int x, int y, double theta,
   int SpeedRight, int SpeedLeft,
   int TestPassing)
{
   DVar.dx = dx;
   DVar.dy = dy;
   DVar.vr = vr;
   DVar.v = v;
   DVar.omega = omega;
   DVar.rho = rho;
   DVar.alpha = alpha;
   DVar.phi = phi;
   DVar.arctangent = arctangent;
   DVar.VelocityRight = VelocityRight;
   DVar.VelocityLeft = VelocityLeft;
   DVar.x0 = x0;
   DVar.y0 = y0;
   DVar.theta0 = theta0;
   DVar.x = x;
   DVar.y = y;
   DVar.theta = theta;
   DVar.SpeedRight = SpeedRight;
   DVar.SpeedLeft = SpeedLeft;
   DVar.TestPassing = TestPassing;
}

//---------------------------------------------------------------------------
// Set more debug variables
void __fastcall TAliceCtrl::SetMoreDebugVar(int PreSpeedRight, int PreSpeedLeft)
{
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   DVar.PreSpeedRight = PreSpeedRight;
   DVar.PreSpeedLeft = PreSpeedLeft;
}

//---------------------------------------------------------------------------
// Get debug variables
void __fastcall TAliceCtrl::GetDebugVar(int *dx, int *dy,
   double *vr, double *v, double *omega, double *rho, double *alpha, double *phi,
double *arctangent,
   double *VelocityRight, double *VelocityLeft,
   int *x0, int *y0, double *theta0, int *x, int *y, double *theta,
   int *SpeedRight, int *SpeedLeft,
   int *PreSpeedRight, int *PreSpeedLeft,
   int *TestPassing)
{
   *dx = DVar.dx;
   *dy = DVar.dy;
   *vr = DVar.vr;
   *v = DVar.v;
   *omega = DVar.omega;
   *rho = DVar.rho;
   *alpha = DVar.alpha;
   *phi = DVar.phi;
   *arctangent = DVar.arctangent;
   *VelocityRight = DVar.VelocityRight;
   *VelocityLeft = DVar.VelocityLeft;
   *x0 = DVar.x0;
   *y0 = DVar.y0;
   *theta0 = DVar.theta0;
   *x = DVar.x;
   *y = DVar.y;
   *theta = DVar.theta;
   *SpeedRight = DVar.SpeedRight;
   *SpeedLeft = DVar.SpeedLeft;
   *PreSpeedRight = DVar.PreSpeedRight;
   *PreSpeedLeft = DVar.PreSpeedLeft;
   *TestPassing = DVar.TestPassing;
}

//---------------------------------------------------------------------------
// Read constants in shared memory
void __fastcall TAliceCtrl::ReadConstants()
{
/*  Sync->BeginRead();       // synchronize read of shared memory
  K_PHI = KPhiShared;
  K_ALPHA = KAlphaShared;
  K_RHO = KRhoShared;
  RHO_THRESHOLD = RhoThresholdShared;
  PHI_THRESHOLD = PhiThresholdShared;
  Sync->EndRead();*/
}

//---------------------------------------------------------------------------
// Calculate the velocity of each wheel of Alice
void __fastcall TAliceCtrl::Velocity(RobotPositions *Rob,
                                       int *SpeedRight, int *SpeedLeft, int nrRob)
//nrRob for debugging
{
   // x, y, x0, y0 in mm
   // theta, theta0 in rad : (-pi,pi] !!!!
   int dx, dy;
   double vr, v, omega, rho, alpha, phi, arcsine;
   double VelocityRight, VelocityLeft;
   double k_phi;

   //Debugging
   int TestPassing = 0;

   dx = (*Rob).x - (*Rob).x0;
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   dy = (*Rob).y - (*Rob).y0;

   rho = sqrt(dx*dx + dy*dy);
   phi = -(*Rob).theta0 + (*Rob).theta;
   if (phi > M_PI)
      phi =  -2*M_PI + phi;       // phi : (-pi,pi]
   if (phi <= -M_PI)
      phi =  2*M_PI + phi;       // phi : (-pi,pi]

   k_phi = K_PHI;
   // necessary to avoid instabilities at goal position
   if (rho < RHO_THRESHOLD+3)
      k_phi = -2 * k_phi;

   // if goal is not achieved yet, then calculate velocity
   if (fabs(phi) > PHI_THRESHOLD || rho > RHO_THRESHOLD)
   {
      TestPassing = 1; // for debugging

      // calculate alpha only if robot not yet in goal circle
      if (rho > RHO_THRESHOLD)
      {
        // atan(dy/dx) didn't work
        if (rho != 0)
           arcsine = asin(dy/rho);
           else
              arcsine = 0; // if rho = 0, which can not be the case here
        if (dx < 0)
           arcsine = M_PI - arcsine;   // asin : [-pi/2, 3pi/2]
        if (arcsine > M_PI)
           arcsine -= 2*M_PI;  // asin : (-pi, pi]

        // alpha > 0 when turning left
        alpha = -(*Rob).theta0 + arcsine;

        // if backwards arrival is desired
        if ((*Rob).BackwardFlag == true)
          alpha = alpha - M_PI;

        // alpha : (-pi,+pi]
        if (alpha > M_PI)
          alpha = -2*M_PI + alpha;       // alpha : (-pi,+pi]
        if (alpha <= -M_PI)
          alpha = 2*M_PI + alpha;       // alpha : (-pi,+pi]
      }
      // if robot in goal circle
      else
      {
        rho = 0;
        alpha = 0;
      }

      // calculate central velocity of robot in mm/s
      v = K_RHO * rho;
      if (v > VELOCITY_MAX + V_THRESHOLD) // if velocity is higher than available
         v = VELOCITY_MAX;                // velocities of Alice
      if (v < -VELOCITY_MAX - V_THRESHOLD) // if velocity is higher than available
         v = -VELOCITY_MAX;                // velocities of Alice

      // if backwards arrival is desired
      if ((*Rob).BackwardFlag == true)
        v = -v;

      // calculate angular velocity of robot in rad/s
      omega = K_ALPHA * alpha + k_phi * phi; // omega > 0 for turning left

      vr = omega * WHEEL_AXLE;      // radial velocity

      // Attention +/- sens of omega depends on treatment done by COPS
      // At the moment COPS makes a reflection on the y axis
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      // Without any reflection: right +, left -
      VelocityRight = v - vr;
      VelocityLeft = v + vr;

      GetSpeed(VelocityRight, VelocityLeft, omega, SpeedRight, SpeedLeft);
   }
   else
      *SpeedRight = *SpeedLeft = 0; // goal position achieved

   if (nrRob == 0) // Set debug variables for Rob 1
    SetDebugVar(dx, dy,
      vr, v, omega, rho, alpha, phi, arcsine,
      VelocityRight, VelocityLeft,
      (*Rob).x0, (*Rob).y0, (*Rob).theta0, (*Rob).x, (*Rob).y, (*Rob).theta,
      *SpeedRight, *SpeedLeft,
      TestPassing);
}
//---------------------------------------------------------------------------

//---------------------------------------------------------------------------
// Get Speed
// return values are -3, -2, -1, 0, 1, 2, 3
void __fastcall TAliceCtrl::GetSpeed(double VelocityR, double VelocityL, double
omega,
                                    int *SpeedR, int *SpeedL)
{
   *SpeedR = QuantizeVelocity(VelocityR);
   *SpeedL = QuantizeVelocity(VelocityL);

   // always turn at minimum speed (time delay)
   if (Sign(*SpeedR) == -Sign(*SpeedL) && *SpeedR != 0)
      if (*SpeedR < 0)
      {
         *SpeedR = -SPEED_MIN;
         *SpeedL = SPEED_MIN;
      }
      else
      {
         *SpeedR = SPEED_MIN;
         *SpeedL = -SPEED_MIN;
      }

   // always turn with one wheel only at minimum speed: was not useful
}
//---------------------------------------------------------------------------

//---------------------------------------------------------------------------
// Quantize Velocity
// return values are -3, -2, -1, 0, 1, 2, 3
int __fastcall TAliceCtrl::QuantizeVelocity(int velocity)
{
   int signum, absvelocity;

   signum = Sign(velocity);
   absvelocity = abs(velocity);

   if (absvelocity > VELOCITY3)
      return(signum * SPEED3);
   if (absvelocity < VELOCITY2)
      if (absvelocity > VELOCITY1)
         return(signum * SPEED1);
      else return(0);
   else return(signum * SPEED2);
}
//---------------------------------------------------------------------------

//---------------------------------------------------------------------------
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// Send speed to Alice
// Evaluate speed of each robot and build 36 bit communication protocol
// Each robot has 6 bits (3 per wheel with 1 sign bit)
// LSB: right speed, MSB: left speed
void __fastcall TAliceCtrl::SendSpeed()
{
   int nrRob, SpeedR, SpeedL;
   int PreSpeedR, PreSpeedL;  // previous speed
   int Word1, Word2, Word3, Word4, Word5, negR, negL;

   //ReadConstants(); // Read constants in shared memory

   for(nrRob=0;nrRob<NUMBER_ROBOTS;nrRob++)
   {
      switch(Robot[nrRob].Mode)
      {
        case(0) : GetRequestedSpeed(nrRob, &SpeedR, &SpeedL);
                  break;
        case(1) : Velocity(&Robot[nrRob], &SpeedR, &SpeedL, nrRob); //nrRob only
for debugging
                  break;
        case(2) : break; // not yet implemented
        default : Velocity(&Robot[nrRob], &SpeedR, &SpeedL, nrRob);
      }

      // Set speed to 0 when passing from + to - or - to +
      GetPreviousSpeed(nrRob, &PreSpeedR, &PreSpeedL);
      if (nrRob==0)
        SetMoreDebugVar(PreSpeedR, PreSpeedL);

      // Process right speed
      if (Sign(SpeedR) == -Sign(PreSpeedR))
        SpeedR = SPEED0;    // acceleration ramp for motors

      // Process left speed
      if (Sign(SpeedL) == -Sign(PreSpeedL))
        SpeedL = SPEED0;    // acceleration ramp for motors

      SetPreviousSpeed(nrRob, SpeedR, SpeedL);
      // end acceleration/deceleration ramps

      // Process right speed
      negR=(SpeedR<0); // neg=1 if SpeedR<0
      if (SpeedR<0)
         SpeedR=-SpeedR;

      // Process left speed
      negL=(SpeedL<0); // neg=1 if SpeedL<0
      if (SpeedL<0)
         SpeedL=-SpeedL;

      switch(nrRob)
      {
         case(0): Word1 = 0x20*negL + 0x08*SpeedL + 0x04*negR + SpeedR;
                  break;
         case(1): Word1 += 0x40*SpeedR;
                  Word2 = 0x08*negL + 0x02*SpeedL + negR;
                  break;
         case(2): Word2 += 0x80*SpeedL + 0x40*negR + 0x10*SpeedR;
                  Word3 = 0x02*negL;
                  if (SpeedL>1)
                     Word3 += 1;
                  break;
         case(3): Word3 += 0x80*negL + 0x20*SpeedL + 0x10*negR + 0x04*SpeedR;
                  break;
         case(4): Word4 = 0x20*negL + 0x08*SpeedL + 0x04*negR + SpeedR;
                  break;
         case(5): Word4 += 0x40*SpeedR;
                  Word5 = 0x08*negL + 0x02*SpeedL + negR;
      }
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/*      if (SpeedR == 0 && SpeedL == 0)  // if goal position achieved
        SetPositionFlag(nrRob); // Set Flag
      else
        ClearPositionFlag(nrRob);   // if goal position not achieved yet
*/
   }

   // Send all 5 bytes;
   SendAlice->SendByte(Word1);
   SendAlice->SendByte(Word2);
   SendAlice->SendByte(Word3);
   SendAlice->SendByte(Word4);
   SendAlice->SendByte(Word5);
}
//---------------------------------------------------------------------------

//---------------------------------------------------------------------------
// Stop all Alices
void __fastcall TAliceCtrl::StopRob()
{
   SendAlice->SendByte(0);
   SendAlice->SendByte(0);
   SendAlice->SendByte(0);
   SendAlice->SendByte(0);
   SendAlice->SendByte(0);
}

//---------------------------------------------------------------------------
// Sign: returns
int __fastcall TAliceCtrl::Sign(int value)
{
   if (value > 0)
      return(1);
   else if (value < 0)
      return(-1);
      else
         return(0);
}

// End TAliceCtrl class
//---------------------------------------------------------------------------
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//---------------------------------------------------------------------------
#ifndef TAlicesH
#define TAlicesH
//---------------------------------------------------------------------------
#include <Classes.hpp>
//#include "Constants.h"
#include "Main.h"
//---------------------------------------------------------------------------
class TAlices : public TThread
{
private:
  //variables
  bool InitFlag; // set for initialization, sends speed 0 to all robots

protected:
  void __fastcall Execute();
public:
  __fastcall TAlices(bool CreateSuspended);
  void __fastcall SetInitFlag();
  void __fastcall ClearInitFlag();
};
//---------------------------------------------------------------------------
#endif

7$OLFHV�FSS
/****************************************************************************

  TAlices.cpp  Implements the thread for Alices connection.

  Author:   Patrick Ramer
  Date:     28.01.2000
  Purpose:  Updates Positions in AliceCtrl class and then executes SendSpeed
command

  Program:  Borland 4.0

  Classes:  TAlices: Thread for Alices

  Remarks:

  History:

****************************************************************************/
//---------------------------------------------------------------------------
#include <vcl.h>
#pragma hdrstop

#include "TAlices.h"
#pragma package(smart_init)
//---------------------------------------------------------------------------
//   Important: Methods and properties of objects in VCL can only be
//   used in a method called using Synchronize, for example:
//
//      Synchronize(UpdateCaption);
//
//   where UpdateCaption could look like:
//
//      void __fastcall TAlices::UpdateCaption()
//      {
//        Form1->Caption = "Updated in a thread";
//      }
//---------------------------------------------------------------------------
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// Extern variables
extern TMultiReadExclusiveWriteSynchronizer* Sync;
extern TAliceCtrl *AliceCtrl;

// Shared memory (TBlob structure is provided by "Main.h")
extern TBlob Rob[NUMBER_ROBOTS];
extern TBlob Ball;
extern TRobTarget RobTarget[NUMBER_ROBOTS];        // Target of each robot

//---------------------------------------------------------------------------
__fastcall TAlices::TAlices(bool CreateSuspended)
  : TThread(CreateSuspended)
{

}
//---------------------------------------------------------------------------
void __fastcall TAlices::Execute()
{
  int i;
// Make the thread object automatically destroyed when the thread terminates
  FreeOnTerminate = true;

  while (!Terminated)
  {

    // Update current positions
    Sync->BeginRead();
    for (i=0;i<NUMBER_ROBOTS;i++)
    {
      AliceCtrl->SetCurrentPosition(i,Rob[i].X,Rob[i].Y,Rob[i].Theta);
      AliceCtrl-
>SetTarget(i,RobTarget[i].Mode,RobTarget[i].Flag,RobTarget[i].SX,RobTarget[i].SY,Ro
bTarget[i].Theta);
    }
    Sync->EndRead();

    if (!InitFlag)
      AliceCtrl->SendSpeed();
    else
      AliceCtrl->StopRob(); // Send speed 0 when initializing

    Sleep(78);  // Wait for Speeds to be transmitted to all Robots
  }
}
//---------------------------------------------------------------------------

// Initialization Flag
void __fastcall TAlices::SetInitFlag()
{
  InitFlag = true;
}

void __fastcall TAlices::ClearInitFlag()
{
  InitFlag = false;
}
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//---------------------------------------------------------------------------
#ifndef TCOPSH
#define TCOPSH
//---------------------------------------------------------------------------
#include <Classes.hpp>
#include <ScktComp.hpp>         // For ClientSocket
#include <Math.h>
#include <stdlib.h>

#include "Constants.h"
// Constants
#define WAC 3        // Wheel Axis Correction in mm
#define XSCALE 0.992 // 0.973 when camera was closer
#define YSCALE 0.92  // 0.87 when camera was closer
#define XOFFSET 8    // Pixels
#define YOFFSET 8    // Pixels

#include "Main.h"
//---------------------------------------------------------------------------
class TCOPS : public TThread
{
private:

  // Structures required by COPS's connection (jcz, 27.09.99)
  struct TDataRequestReset {
    long Size;                      // = 4   -> Size of request, without "Size"
    long ID;                        // = 7    -> Request for Reset
  };

  struct TDataRequestTimeStamp {
    long Size;                      // = 8   -> Size of request, without "Size"
    long ID;                        // = 3    -> Request for TimeStamp
    long OnOff;                     // = 1    -> 1 = ON
  };

  struct TDataRequest {
    long Size;                      // = 14   -> Size of request, without "Size"
    long ID;                        // = 0    -> Request for coordinates
    long Period;                    // = 1    -> Period of reply
    long nFrames;                   // = 1    -> Number of image
    short BlobData;                 // = 11   -> Data to return: X, Y, Theta
  };

  struct TObj {                     // Objects are robots or ball
    float X;
    float Y;
    float Theta;
  };

  struct TDataReplyHeader {
    long Size;                      // Size of reply, without "Size"
    long ID;                        // = 0    -> Like request
  };

  struct TDataReply {
    long TimeStamp;                 //
    long Count;                     // = 7    -> Number of objects
    short RecSize;                  // = 12   -> 12 bytes per objects
    short BlobData;                 // = 11   -> Data type: X, Y, Theta
    TObj Objects[NUMBER_ROBOTS+1];  //        -> Array of objects
  };

  double __fastcall AngleCorrector(double Angle);
  void __fastcall UpdateSharedMemory(TDataReply * DataRep);



6HPHVWHU�SURMHFW 6RFFHU�$OLFH

��

protected:
  void __fastcall Execute();
public:

  // Connection
  bool Connection;

  // TimeStamp, Period and Frequecy of COPS images
  long TS;
  long T;
  float f;

  bool  bReset;

  __fastcall TCOPS(bool CreateSuspended);

};
//---------------------------------------------------------------------------
#endif

7&236�FSS
/****************************************************************************

  TCOPS.cpp  Implements the thread for COPS connection.

  Author:   Jean-Christophe Zufferey
  Date:     20.01.2000
  Purpose:  Provides current position of players (Alices robots) connecting
            the COPS (Color Object Position Server by Rémy Blank) program,
            using TCP/IP protocol

  Program:  Borland 4.0

  Classes:  TCOPS: Thread for COPS (Color Object Position Server) connection

  Modifications:
            08.02.2000/jcz  Addition of EventCOPS

  Remarks:

  History:

****************************************************************************/
//---------------------------------------------------------------------------
#include <vcl.h>
#pragma hdrstop

#include "TCOPS.h"
#pragma package(smart_init)
//---------------------------------------------------------------------------
//   Important: Methods and properties of objects in VCL can only be
//   used in a method called using Synchronize, for example:
//
//      Synchronize(UpdateCaption);
//
//   where UpdateCaption could look like:
//
//      void __fastcall TCOPS::UpdateCaption()
//      {
//        Form1->Caption = "Updated in a thread";
//      }
//---------------------------------------------------------------------------

TClientSocket* ClientSocket;

// Extern variables
extern TMultiReadExclusiveWriteSynchronizer* Sync;
extern TEvent* EventCOPS;
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// Shared memory
extern TBlob Rob[NUMBER_ROBOTS];              // Current position of each robot
extern TBlob Ball;                            // Current position of the ball
extern long TimeStamp;                        // Time stamp of current image
extern short EventCounter;                    // For EventCOPS

//---------------------------------------------------------------------------
__fastcall TCOPS::TCOPS(bool CreateSuspended)
  : TThread(CreateSuspended)
{
}
//---------------------------------------------------------------------------
// ***  ***
//
void __fastcall TCOPS::Execute()
{
  TDataRequestTimeStamp DataReqTS;
  TDataRequest DataReq;
  TDataReplyHeader * DataRepHeader;
  TDataReply * DataRep;
  int nBytes;

  // Make the thread object automatically destroyed when the thread terminates
  FreeOnTerminate = true;

  // Initialisation of params
  Connection = false;
  bReset = false;

  // Create an instance of TClientSocket
  TClientSocket* ClientSocket = new TClientSocket(FormASM);

  // Allocate DataRep for the responses of COPS
  DataRepHeader = (TDataReplyHeader *) malloc(sizeof(TDataReplyHeader));
  DataRep = (TDataReply *) malloc(sizeof(TDataReply));

  // Activate the TCP/IP connection with COPS
  if (ClientSocket->Active != true)
  {
    ClientSocket->ClientType=ctBlocking;
    ClientSocket->Port = 1024;
    ClientSocket->Host ="localhost";
  }
  ClientSocket->Open();

  if (ClientSocket->Active == false)
    ShowMessage("Problem !!!");

  Connection = true;

  // Prepare requests to COPS
  DataReqTS.Size = 8;     // Size of request
  DataReqTS.ID = 3;       // Request for TimeStamp
  DataReqTS.OnOff = 1;    // ON

  DataReq.Size = 14;      // Size of request
  DataReq.ID = 0;         // Request for coordinates
  DataReq.Period = 1;     // Period of response
  DataReq.nFrames = 1;    // Number of images (-1=continuous)
  DataReq.BlobData = 11;  // Data to return (X,Y,Theta)

  // Write the TimeStamp request to the server (COPS)
  ClientSocket->Socket->SendBuf(&DataReqTS, 12);

// Main loop of the thread

  // Create a TWinSocketStream for reading (and writing)
  TWinSocketStream *pStream = new TWinSocketStream(ClientSocket->Socket, 60000);
  try
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  {
    // fetch and process commands until the connection or thread is terminated
    while (!Terminated && ClientSocket->Active)
    {
      try
      {
        if (bReset)
        {
          TDataRequestReset DataReqReset;
          DataReqReset.ID = 7;
          DataReqReset.Size = 4;
          ClientSocket->Socket->SendBuf(&DataReqReset, sizeof(TDataRequestReset));
          bReset = false;
        }

        // Write the request to the server (COPS)
        ClientSocket->Socket->SendBuf(&DataReq, 18);

        // What sort of reply do we have ?
        nBytes=pStream->Read((void *) DataRepHeader, sizeof(TDataReplyHeader));

        // Read a response from the server)
        nBytes=pStream->Read((void *) DataRep, sizeof(TDataReply));

        if (nBytes==sizeof(TDataReply))
        {
          T = DataRep->TimeStamp-TS;
          f = 1/(T*0.001);
          TS = DataRep->TimeStamp;
          UpdateSharedMemory(DataRep);

          // Signal to user thread that shared memory has been updated
          Sync->BeginWrite();
            EventCounter=2;
          Sync->EndWrite();
          //EventCOPS->ResetEvent();
          EventCOPS->SetEvent();    // for synchronization with User Thread
        }

      }
      catch (Exception &E)
      {
//        if (!E.ClassNameIs("EAbort"))
//          Synchronize(HandleThreadException()); // you must write
HandleThreadException
      }
    }
  }
  __finally
  {
    delete pStream;
  }

  ClientSocket->Active = false;
  ClientSocket->Close();
  delete ClientSocket;

}
//---------------------------------------------------------------------------
//  Angle Corrector : fonction utilisee le temps que Remy corrige le bug
//  d'angle de COPS ...
double __fastcall TCOPS::AngleCorrector(double Angle)
{
  Angle += M_PI / 2;

  if ((Angle >= -M_PI/2) && (Angle < 0))
      Angle += M_PI;
  else if ((Angle > M_PI/2) && (Angle < M_PI))
      Angle += M_PI;
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  // change interval
  if (Angle > M_PI)
    Angle -= 2*M_PI; // Angle : [-pi,pi]
  return(Angle);
}
//---------------------------------------------------------------------------

void _fastcall TCOPS::UpdateSharedMemory(TDataReply * DataRep)
{
  int n;
  float Theta;

  Sync->BeginWrite();
    TimeStamp = DataRep->TimeStamp;
    for (n=0;n<NUMBER_ROBOTS;n++)
    {
      Theta = AngleCorrector(DataRep->Objects[n].Theta);
      Rob[n].X = (DataRep->Objects[n].X-XOFFSET)*XSCALE-WAC*cos(Theta);
      Rob[n].Y = (DataRep->Objects[n].Y-YOFFSET)*YSCALE-WAC*sin(Theta);
      Rob[n].Theta = Theta;
      Rob[n].Speed = 0;
    }
    Ball.X = DataRep->Objects[n].X;
    Ball.Y = DataRep->Objects[n].Y;
    Ball.Theta = DataRep->Objects[n].Theta;
    Ball.Speed = 0;
  Sync->EndWrite();
}
//---------------------------------------------------------------------------
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//---------------------------------------------------------------------------
#ifndef TUSERH
#define TUSERH
//---------------------------------------------------------------------------
#include <Classes.hpp>
#include <ScktComp.hpp>
#include <alloc.h>

#include "Main.h"
#include "Constants.h"
//---------------------------------------------------------------------------
class TUSER : public TServerClientThread
{
private:

  struct TRobTarget                     // (20 bytes)
  {
    long Mode;                          // mode of command (0,1,2)
    long Flag;                          // depending on mode
    float SX;                           // speed of left wheel or x coordinate
    float SY;                           // speed of right wheel or y coordinate
    float Theta;                        // arrival angle (mode 1 only)
  };

  struct TObject                        // (16 bytes)
  {
    float X;
    float Y;
    float Theta;
    float Speed;
  };

  struct TDataRequest                   // (3x4 + 3x20 = 72 bytes)
  {
    long Size;                          // size of request without size = 48
    long ID;                            // request identifier
    long Period;                        // period of replies
    TRobTarget Robot[NUMBER_ROBOTS/2];  // target of each robot
  };

  struct TDataReply                      // (5x5 + 2x3x16 + 1x16 = 137 bytes)
  {
    long Size;                           // size of request without size = 133
    long ID;                             // reply identifier
    long TeamID;                         // team identifier
    long Mode;                           // mode of command
    long Error;                          // number of an error
    long TimeStamp;                      // time stamp of image capture
    TObject MyRobot[NUMBER_ROBOTS/2];    // current data of robots of this team
    TObject YourRobot[NUMBER_ROBOTS/2];  // current data of robots of other team
    TObject Ball;                        // current data of the ball
  };

  int noSocket;

  // Reflection methods
  float __fastcall ReflectX(float X);
  float __fastcall ReflectY(float Y);
  float __fastcall ReflectTheta(float Theta);

protected:

  void __fastcall ClientExecute();
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public:
  short TeamID;

  TUSER(bool CreateSuspended, TServerClientWinSocket* ASocket);

};
//---------------------------------------------------------------------------
#endif

786(5�FSS
/****************************************************************************

  Main.cpp  USER Thread

  Author:   Jean-Christophe Zufferey & Patrick Ramer
  Date:     20.01.2000
  Purpose:  Manages connection with USER
  Program:  Borland 4.0

  Classes:  TUSER     Thread for USER

  Modifications:
            31.01.2000/pr  Reflection on y axis
            03.02.2000/pr  Reflection on center point
            08.02.2000/jcz Addition of EventCOPS

  Remarks:

  History:

****************************************************************************/
//---------------------------------------------------------------------------
#include <vcl.h>
#pragma hdrstop

#include "TUSER.h"
#pragma package(smart_init)

// Extern variables
extern TMultiReadExclusiveWriteSynchronizer* Sync;
extern TEvent* EventCOPS;

// Shared memory
extern TBlob Rob[NUMBER_ROBOTS];              // Current position of each robot
extern TBlob Ball;                            // Current position of the ball
extern long TimeStamp;                        // Time stamp of current image

extern TRobTarget RobTarget[NUMBER_ROBOTS];   // Target of each robot
extern short EventCounter;                    // For EventCOPS

//---------------------------------------------------------------------------
// *** This construcor is an heritage of TServerClientThread ***
//
TUSER::TUSER(bool CreateSuspended, TServerClientWinSocket* ASocket)
  :TServerClientThread(CreateSuspended, ASocket)
{
  noSocket=ASocket->SocketHandle;
}
//---------------------------------------------------------------------------
// *** ***
//
void __fastcall TUSER::ClientExecute()
{
  TWinSocketStream *pStream;
  TDataRequest * DataReq;
  TDataReply DataRep;
  int nBytes,i;

  // Make the thread object automatically destroyed when the thread terminates
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  FreeOnTerminate = true;

  // Initialisation of params

  // Allocate DataReq for the request of client
  DataReq = (TDataRequest *) malloc(sizeof(TDataRequest));

// Main loop of the thread

  // Create a TWinSocketStream for reading and writing
  pStream = new TWinSocketStream(ClientSocket, 60000);
  try
  {
    // fetch and process commands until the connection or thread is terminated
    while (!Terminated && ClientSocket->Connected)
    {
      try
      {
        // Read a request from the client
        nBytes=pStream->Read((void *) DataReq, sizeof(TDataRequest));

        if (nBytes==sizeof(TDataRequest))
        {
          if (TeamID==1)
            for (i=0;i<NUMBER_ROBOTS/2;i++)
            {
              // Write the requested target in shared memory
              Sync->BeginWrite();
                RobTarget[i].Mode = DataReq->Robot[i].Mode;
                RobTarget[i].Flag = DataReq->Robot[i].Flag;
                RobTarget[i].SX = DataReq->Robot[i].SX;
                RobTarget[i].SY = DataReq->Robot[i].SY;
                RobTarget[i].Theta = DataReq->Robot[i].Theta;
              Sync->EndWrite();
            }
          else
            for (i=0;i<NUMBER_ROBOTS/2;i++)
            {
              // Write the requested target in shared memory
              Sync->BeginWrite();
                RobTarget[i+3].Mode = DataReq->Robot[i].Mode;
                RobTarget[i+3].Flag = DataReq->Robot[i].Flag;
                // in Position control mode (1) SX and SY contain positions
                // -> reflection
                if (DataReq->Robot[i].Mode == 1)
                {
                  RobTarget[i+3].SX = ReflectX(DataReq->Robot[i].SX);
                  RobTarget[i+3].SY = ReflectY(DataReq->Robot[i].SY);
                  RobTarget[i+3].Theta = ReflectTheta(DataReq->Robot[i].Theta);
                }
                else
                {
                  RobTarget[i+3].SX = DataReq->Robot[i].SX;
                  RobTarget[i+3].SY = DataReq->Robot[i].SY;
                  RobTarget[i+3].Theta = DataReq->Robot[i].Theta;
                }
              Sync->EndWrite();
            }

          EventCOPS->WaitFor(2000);  // Wait for COPS signal (new values)
          Sync->BeginRead();
            EventCounter = EventCounter-1;
            if (EventCounter==0)
              EventCOPS->ResetEvent();
          Sync->EndRead();

          // Prepare the reply
          DataRep.Size = sizeof(TDataReply)-4;      // Size of reply
          DataRep.ID = 0;
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          DataRep.TeamID = TeamID;
          DataRep.Mode = 0;
          DataRep.Error = 0;
          Sync->BeginRead();
            DataRep.TimeStamp = TimeStamp;
            if (TeamID==1)
            {
              for (i=0;i<NUMBER_ROBOTS/2;i++)
              {
                DataRep.MyRobot[i].X = Rob[i].X;
                DataRep.MyRobot[i].Y = Rob[i].Y;
                DataRep.MyRobot[i].Theta = Rob[i].Theta;
                DataRep.MyRobot[i].Speed = Rob[i].Speed;
                DataRep.YourRobot[i].X = Rob[i+3].X;
                DataRep.YourRobot[i].Y = Rob[i+3].Y;
                DataRep.YourRobot[i].Theta = Rob[i+3].Theta;
                DataRep.YourRobot[i].Speed = Rob[i+3].Speed;
              }
              DataRep.Ball.X = Ball.X;
              DataRep.Ball.Y = Ball.Y;
            }
            else
            {
              for (i=0;i<NUMBER_ROBOTS/2;i++)
              {
                DataRep.MyRobot[i].X = ReflectX(Rob[i+3].X);
                DataRep.MyRobot[i].Y = ReflectY(Rob[i+3].Y);
                DataRep.MyRobot[i].Theta = ReflectTheta(Rob[i+3].Theta);
                DataRep.MyRobot[i].Speed = Rob[i+3].Speed;
                DataRep.YourRobot[i].X = ReflectX(Rob[i].X);
                DataRep.YourRobot[i].Y = ReflectY(Rob[i].Y);
                DataRep.YourRobot[i].Theta = ReflectTheta(Rob[i].Theta);
                DataRep.YourRobot[i].Speed = Rob[i].Speed;
              }
              DataRep.Ball.X = ReflectX(Ball.X);
              DataRep.Ball.Y = ReflectY(Ball.Y);
            }

            DataRep.Ball.Theta = Ball.Theta;
            DataRep.Ball.Speed = Ball.Speed;
          Sync->EndRead();

          // Write the reply to the client
          ClientSocket->SendBuf(&DataRep, sizeof(TDataReply));
        }
      }
      catch (Exception &E)
      {
        ClientSocket->Disconnect(noSocket);
        ClientSocket->Close();
//        if (!E.ClassNameIs("EAbort"))
//          Synchronize(HandleThreadException()); // you must write
HandleThreadException
      }
    }
  }
  __finally
  {
    delete pStream;
  }

//  ClientSocket->Disconnect();
//  ClientSocket->Close();
//  delete ClientSocket;

}
//---------------------------------------------------------------------------
// Reflection Methods
// Reflection has to be done for the second team before sending positions from
// COPS and after receiving target positions. This way, both teams can have
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// a strategy as if they were on the same side, and it won't matter which team
// gets which Team ID.

//---------------------------------------------------------------------------
// Reflect X on y axis
float __fastcall TUSER::ReflectX(float X)
{
  return(FIELD_LENGTH - X);
}

//---------------------------------------------------------------------------
// Reflect Y on x axis
float __fastcall TUSER::ReflectY(float Y)
{
  return(FIELD_WIDTH - Y);
}

//---------------------------------------------------------------------------
// Reflect Theta on y axis
float __fastcall TUSER::ReflectTheta(float Theta)
{
  float t;

  t = Theta + M_PI;
  if (t > M_PI)
    t =  -2*M_PI + t;       // t : (-pi,pi]
  if (t <= -M_PI)
    t =  2*M_PI + t;        // t : (-pi,pi]

  return(t);
}
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//---------------------------------------------------------------------------
#ifndef MainH
#define MainH
//---------------------------------------------------------------------------
#include <Classes.hpp>
#include <Controls.hpp>
#include <StdCtrls.hpp>
#include <Forms.hpp>

#include "Constants.h"

#include "TCOPS.h"
#include "TAlices.h"
#include "TUSER.h"

#include "AliceCom.h"

#include <ExtCtrls.hpp>
#include <ScktComp.hpp>
#include "ActiveCOPSProj_OCX.h"
#include <OleCtrls.hpp>

// *** Constants ***

#define COPS_PATH "D:/Programs/COPS/COPS.exe"

// *** For shared memory ***
struct TBlob
{
  float X;
  float Y;
  float Theta;
  float Speed;
};

struct TRobTarget
{
  long Mode;                          // mode of command (0,1,2)
  long Flag;                          // depending on mode
  float SX;                           // speed of left wheel or x coordinate
  float SY;                           // speed of right wheel or y coordinate
  float Theta;                        // arrival angle (mode 1 only)
};

struct TTeam
{
  short TeamID;         // 1 or 2
  String RemoteHost;
  String RemoteAddress;
  String RemotePort;
};

//---------------------------------------------------------------------------
class TFormASM : public TForm
{
__published: // IDE-managed Components
  TLabel *Label1;
  TLabel *Label2;
  TTimer *Timer1;
  TGroupBox *Robot1;
  TLabel *Label3;
  TLabel *Label4;
  TLabel *Label5;
  TEdit *x1;



6HPHVWHU�SURMHFW 6RFFHU�$OLFH

���

  TEdit *y1;
  TEdit *theta1;
  TGroupBox *Robot2;
  TLabel *Label6;
  TLabel *Label7;
  TLabel *Label8;
  TEdit *x2;
  TEdit *y2;
  TEdit *theta2;
  TGroupBox *Robot3;
  TLabel *Label9;
  TLabel *Label10;
  TLabel *Label11;
  TEdit *x3;
  TEdit *y3;
  TEdit *theta3;
  TGroupBox *Robot4;
  TLabel *Label12;
  TLabel *Label13;
  TLabel *Label14;
  TEdit *x4;
  TEdit *y4;
  TEdit *theta4;
  TGroupBox *Robot5;
  TLabel *Label15;
  TLabel *Label16;
  TLabel *Label17;
  TEdit *x5;
  TEdit *y5;
  TEdit *theta5;
  TGroupBox *Robot6;
  TLabel *Label18;
  TLabel *Label19;
  TLabel *Label20;
  TEdit *x6;
  TEdit *y6;
  TEdit *theta6;
  TLabel *Label21;
  TLabel *Label22;
  TGroupBox *GroupBox1;
  TLabel *Label23;
  TLabel *Label24;
  TLabel *Label25;
  TEdit *xb;
  TEdit *yb;
  TEdit *thetab;
  TServerSocket *ServerSocket;
  TLabel *Label26;
  TLabel *Label27;
  TEdit *EditHost1;
  TEdit *EditHost2;
  TLabel *Label28;
  TLabel *Label29;
  TEdit *EditAddress1;
  TEdit *EditAddress2;
  TLabel *Label30;
  TLabel *Label31;
  TEdit *EditPort1;
  TEdit *EditPort2;
  TLabel *Label32;
  TLabel *Label33;
  TGroupBox *GroupBox2;
  TLabel *Label34;
  TLabel *Label35;
  TLabel *Label36;
  TEdit *tx1;
  TEdit *ty1;
  TEdit *ttheta1;
  TGroupBox *GroupBox3;
  TLabel *Label37;
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  TLabel *Label38;
  TLabel *Label39;
  TGroupBox *GroupBox4;
  TLabel *Label40;
  TLabel *Label41;
  TLabel *Label42;
  TEdit *tx3;
  TEdit *ty3;
  TEdit *ttheta3;
  TGroupBox *GroupBox5;
  TLabel *Label43;
  TLabel *Label44;
  TLabel *Label45;
  TEdit *tx4;
  TEdit *ty4;
  TEdit *ttheta4;
  TGroupBox *GroupBox6;
  TLabel *Label46;
  TLabel *Label47;
  TLabel *Label48;
  TEdit *tx5;
  TEdit *ty5;
  TEdit *ttheta5;
  TGroupBox *GroupBox7;
  TLabel *Label49;
  TLabel *Label50;
  TLabel *Label51;
  TEdit *tx6;
  TEdit *ty6;
  TEdit *ttheta6;
  TLabel *Label52;
  TEdit *tx2;
  TEdit *ty2;
  TEdit *ttheta2;
  TButton *Button1;
  TButton *InitButton;
  TButton *StartButton;
  void __fastcall FormClose(TObject *Sender, TCloseAction &Action);
  void __fastcall Timer1Timer(TObject *Sender);
  void __fastcall ServerSocketGetThread(TObject *Sender,
          TServerClientWinSocket *ClientSocket,
          TServerClientThread *&SocketThread);
  void __fastcall Button1Click(TObject *Sender);
  void __fastcall InitButtonClick(TObject *Sender);
  void __fastcall StartButtonClick(TObject *Sender);

private: // User declarations

  void __fastcall LaunchCOPS();
  void __fastcall InitCOPSThread();
  void __fastcall InitAlicesThread();
  void __fastcall InitUSERThread();
  void __fastcall Initializing();
  void __fastcall Starting();

public: // User declarations

  __fastcall TFormASM(TComponent* Owner);

};
//---------------------------------------------------------------------------
extern PACKAGE TFormASM *FormASM;
//---------------------------------------------------------------------------
#endif

0DLQ�FSS
// *** Thread pointers ***
TCOPS *COPSThread;                          // Handle of COPS thread
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TUSER *USERThread1, *USERThread2;           // Handle of USERs threads

TAlices *AlicesThread;                      // Handle of Alices thread

// *** Tools for thread management ***
TMultiReadExclusiveWriteSynchronizer *Sync; // Synchronizer for shared memory
access
TEvent *EventCOPS;                          // Event handler for COPS signal

// *** TAliceCtrl class ***
TAliceCtrl *AliceCtrl;

// *** Shared memory ***
TBlob Rob[NUMBER_ROBOTS];                   // Current position of each robot
TBlob Ball;                                 // Current position of the ball
long TimeStamp;                             // Time stamp of current image
short EventCounter;                         // For EventCOPS

TRobTarget RobTarget[NUMBER_ROBOTS];        // Target of each robot

TTeam Team1, Team2;                         //

//---------------------------------------------------------------------------
// *** Initialisations ***
//
__fastcall TFormASM::TFormASM(TComponent* Owner)
  : TForm(Owner)
{
//  LaunchCOPS();       // Launch COPS program (image processing)

  Sync = new TMultiReadExclusiveWriteSynchronizer;  // for shared memory
  EventCOPS = new TEvent(NULL, true, false, NULL); // for COPS signal

  InitCOPSThread();
//  InitConstants();  // do this before InitAlicesThread
  InitAlicesThread();
  InitUSERThread();
  Timer1->Enabled = true; // start timer to display positions from COPS
}
//---------------------------------------------------------------------------
// *** Launch of COPS program ***
//
void __fastcall TFormASM::LaunchCOPS()
{
  LPPROCESS_INFORMATION lpProcessInformation;
  LPSTARTUPINFO  lpStartupInfo;

  lpStartupInfo = (LPSTARTUPINFO) malloc(sizeof(STARTUPINFO));

  lpStartupInfo->cb = sizeof(STARTUPINFO);
  lpStartupInfo->lpReserved = NULL;
  lpStartupInfo->lpTitle = NULL;
  lpStartupInfo->dwX = 0;
  lpStartupInfo->dwY = 0;
  lpStartupInfo->dwFlags = STARTF_USEPOSITION;
  lpStartupInfo->cbReserved2 = 0;
  lpStartupInfo->lpReserved2 = NULL;

  lpProcessInformation = (LPPROCESS_INFORMATION)
malloc(sizeof(PROCESS_INFORMATION));

  if (!CreateProcess(
        NULL,// pointer to name of executable module
        COPS_PATH, // pointer to command line string
        NULL,// pointer to process security attributes
        NULL,// pointer to thread security attributes
        false, // handle inheritance flag
        0, // creation flags
        NULL,// pointer to new environment block
        NULL,// pointer to current directory name
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        lpStartupInfo, // pointer to STARTUPINFO
        lpProcessInformation // pointer to PROCESS_INFORMATION
     ))
    ShowMessage("Error : COPS program was not launched");
  else
    hCOPS=lpProcessInformation->hProcess;

}

//---------------------------------------------------------------------------
// *** Initialisation of COPS Thread ***
//
void __fastcall TFormASM::InitCOPSThread()
{
  COPSThread = new TCOPS(false);    // launch the COPS Thread
}

//---------------------------------------------------------------------------
// *** Initialisation of ALICES Thread ***
//
void __fastcall TFormASM::InitAlicesThread()
{
  AliceCtrl = new TAliceCtrl;
  AlicesThread = new TAlices(false);
  SetThreadPriority(AlicesThread,THREAD_PRIORITY_TIME_CRITICAL);
  Initializing();
}

//---------------------------------------------------------------------------
// *** Initialisation of USER Thread ***
//
void __fastcall TFormASM::InitUSERThread()
{
  Team1.TeamID = 0;
  Team2.TeamID = 0;
}

void __fastcall TFormASM::Initializing()
{
  AlicesThread->SetInitFlag();
}
//---------------------------------------------------------------------------

void __fastcall TFormASM::Starting()
{
  AlicesThread->ClearInitFlag();
}
//---------------------------------------------------------------------------

//---------------------------------------------------------------------------
// *** Terminate Threads and free pointers
//
void __fastcall TFormASM::FormClose(TObject *Sender, TCloseAction &Action)
{

// stop timer to display positions from COPS
  Timer1->Enabled = false;

// Terminate Alices thread
  if (AlicesThread!=NULL)
  {
    AlicesThread->Terminate();
    AlicesThread->WaitFor();
  }

// Terminate USERs threads
  if (USERThread1!=NULL)
  {
    USERThread1->Terminate();
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    USERThread1->WaitFor();
  }
  if (USERThread2!=NULL)
  {
    USERThread2->Terminate();
    USERThread2->WaitFor();
  }

// Terminate COPS thread
  if (COPSThread!=NULL)
  {
    COPSThread->Terminate();
    COPSThread->WaitFor();
  }

  Sync->Free();
  AliceCtrl->Free();

//  EnumWindows(NULL, NULL);
//  GetWindowText

/*  UINT uExitCode;
  LPDWORD  lpExitCode;

  if (hCOPS!=NULL)
  {
    GetExitCodeProcess(hCOPS,lpExitCode);
    ExitProcess((UINT) lpExitCode);
//    TerminateProcess(hCOPS,uExitCode);
  }
*/

}
//---------------------------------------------------------------------------
// *** Refresh of Robot position
//
void __fastcall TFormASM::Timer1Timer(TObject *Sender)
{
  Sync->BeginRead();
    x1->Text = Rob[0].X;
    y1->Text = Rob[0].Y;
    theta1->Text = Rob[0].Theta;
    x2->Text = Rob[1].X;
    y2->Text = Rob[1].Y;
    theta2->Text = Rob[1].Theta;
    x3->Text = Rob[2].X;
    y3->Text = Rob[2].Y;
    theta3->Text = Rob[2].Theta;
    x4->Text = Rob[3].X;
    y4->Text = Rob[3].Y;
    theta4->Text = Rob[3].Theta;
    x5->Text = Rob[4].X;
    y5->Text = Rob[4].Y;
    theta5->Text = Rob[4].Theta;
    x6->Text = Rob[5].X;
    y6->Text = Rob[5].Y;
    theta6->Text = Rob[5].Theta;
    xb->Text = Rob[6].X;
    yb->Text = Rob[6].Y;
    thetab->Text = Rob[6].Theta;

    // RobTarget
    tx1->Text = RobTarget[0].SX;
    ty1->Text = RobTarget[0].SY;
    ttheta1->Text = RobTarget[0].Theta;
    tx2->Text = RobTarget[1].SX;
    ty2->Text = RobTarget[1].SY;
    ttheta2->Text = RobTarget[1].Theta;
    tx3->Text = RobTarget[2].SX;
    ty3->Text = RobTarget[2].SY;
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    ttheta3->Text = RobTarget[2].Theta;
    tx4->Text = RobTarget[3].SX;
    ty4->Text = RobTarget[3].SY;
    ttheta4->Text = RobTarget[3].Theta;
    tx5->Text = RobTarget[4].SX;
    ty5->Text = RobTarget[4].SY;
    ttheta5->Text = RobTarget[4].Theta;
    tx6->Text = RobTarget[5].SX;
    ty6->Text = RobTarget[5].SY;
    ttheta6->Text = RobTarget[5].Theta;

  Sync->EndRead();
}
//---------------------------------------------------------------------------
// *** Launch a new TUSER thread for each client ***
//
void __fastcall TFormASM::ServerSocketGetThread(TObject *Sender,
      TServerClientWinSocket *ClientSocket,
      TServerClientThread *&SocketThread)
{
  if (Team1.TeamID==0)
  {
    Team1.TeamID = 1;
    Team1.RemoteHost = ClientSocket->RemoteHost;
    Team1.RemoteAddress = ClientSocket->RemoteAddress;
    Team1.RemotePort = ClientSocket->RemotePort;
    EditHost1->Text = Team1.RemoteHost;
    EditAddress1->Text = Team1.RemoteAddress;
    EditPort1->Text = Team1.RemotePort;
    USERThread1 = new TUSER(false, ClientSocket);
    SocketThread = USERThread1;
    USERThread1->TeamID = 1;
  }
  else if (Team2.TeamID==0)
  {
    Team2.TeamID = 2;
    Team2.RemoteHost = ClientSocket->RemoteHost;
    Team2.RemoteAddress = ClientSocket->RemoteAddress;
    Team2.RemotePort = ClientSocket->RemotePort;
    EditHost2->Text = Team2.RemoteHost;
    EditAddress2->Text = Team2.RemoteAddress;
    EditPort2->Text = Team2.RemotePort;
    USERThread2 = new TUSER(false, ClientSocket);
    SocketThread = USERThread2;
    USERThread2->TeamID = 2;
  }

}
//---------------------------------------------------------------------------

void __fastcall TFormASM::Button1Click(TObject *Sender)
{
  COPSThread->bReset = true;
}
//---------------------------------------------------------------------------

void __fastcall TFormASM::InitButtonClick(TObject *Sender)
{
  Initializing();
}
//---------------------------------------------------------------------------

void __fastcall TFormASM::StartButtonClick(TObject *Sender)
{
  Starting();
}
//---------------------------------------------------------------------------
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//---------------------------------------------------------------------------
#ifndef MainH
#define MainH

#define NUMBER_ROBOTS 6 // Number of robots to control
#define NUMBER_ROBOTS_TEAM 3  // number of robots per team

//---------------------------------------------------------------------------
#include <Classes.hpp>
#include <Controls.hpp>
#include <StdCtrls.hpp>
#include <Forms.hpp>
#include <ScktComp.hpp>
#include <alloc.h>

#include "Strategy.h"

  struct TRobTarget
  {
    long Mode;    //mode of command
    long Flag;    //depending on the mode
    float SX;     //speed of left wheel or x coordinate
    float SY;     //speed of right wheel or y coordinate
    float Theta;  //arrival angle (only mode 1)
  };

  struct TObj
  {
    float X;
    float Y;
    float Theta;
    float Speed;
  };

  struct TDataRequest
  {
    long Size;
    long ID;
    long Period;
    TRobTarget Robot[NUMBER_ROBOTS/2];
  };

  struct TDataReply
  {
    long Size;
    long ID;
    long TeamID;
    long Mode;
    long Error;
    long TimeStamp;
    TObj MyRobot[NUMBER_ROBOTS/2];
    TObj YourRobot[NUMBER_ROBOTS/2];
    TObj Ball;
  };

//---------------------------------------------------------------------------
class TMainForm : public TForm
{
__published: // IDE-managed Components
        TClientSocket *ClientSocket1;
        TEdit *IPAddress1;
        TButton *ConnectUser1;
  TEdit *EditX;
  TMemo *DisplayPosition;
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  TEdit *Edit1;
        void __fastcall ConnectUser1Click(TObject *Sender);
  void __fastcall ClientSocket1Connect(TObject *Sender,
          TCustomWinSocket *Socket);
  void __fastcall ClientSocket1Read(TObject *Sender,
          TCustomWinSocket *Socket);
  void __fastcall FormClose(TObject *Sender, TCloseAction &Action);

private: // User declarations
  void __fastcall InitStrategy();

public: // User declarations
        __fastcall TMainForm(TComponent* Owner);

};
//---------------------------------------------------------------------------
extern PACKAGE TMainForm *MainForm;
//---------------------------------------------------------------------------
#endif

0DLQ�FSS
//---------------------------------------------------------------------------
#include <vcl.h>
#pragma hdrstop

#include "Main.h"
//---------------------------------------------------------------------------
#pragma package(smart_init)
#pragma resource "*.dfm"

TStrategy *Strategy;

TMainForm *MainForm;
long OldTimeStamp, moyenne=0;
//---------------------------------------------------------------------------
__fastcall TMainForm::TMainForm(TComponent* Owner)
        : TForm(Owner)
{
  InitStrategy();
}
//---------------------------------------------------------------------------

//---------------------------------------------------------------------------
void __fastcall TMainForm::InitStrategy()
{
  Strategy = new TStrategy;
}

void __fastcall TMainForm::ConnectUser1Click(TObject *Sender)
{
  ClientSocket1->Host = IPAddress1->Text;
  ClientSocket1->Active = true;
}
//---------------------------------------------------------------------------

void __fastcall TMainForm::ClientSocket1Connect(TObject *Sender,
      TCustomWinSocket *Socket)
{
  TDataRequest DataReq;
  int i,mode,flag,x,y,result;
  double theta;

  DataReq.Size=sizeof(TDataRequest)-4;
  DataReq.ID=0;
  DataReq.Period=1;

  for (i=0;i<NUMBER_ROBOTS_TEAM;i++)
  {
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    result = Strategy->GetNextRequest(i,&mode,&flag,&x,&y,&theta);
    DataReq.Robot[i].Mode = mode;
    DataReq.Robot[i].Flag = flag;
    DataReq.Robot[i].SX = x;
    DataReq.Robot[i].SY = y;
    DataReq.Robot[i].Theta = theta;
  }

  ClientSocket1->Socket->SendBuf(&DataReq, sizeof(TDataRequest));
}
//---------------------------------------------------------------------------

void __fastcall TMainForm::ClientSocket1Read(TObject *Sender,
      TCustomWinSocket *Socket)
{
  TDataReply * DataRep;
  TDataRequest DataReq;
  int i,mode,flag,x,y,result;
  double theta;

  // Receive reply
  DataRep = (TDataReply *) malloc(sizeof(TDataReply));

  ClientSocket1->Socket->ReceiveBuf((void *) DataRep, sizeof(TDataReply));

  // Update current positions
  for (i=0;i<NUMBER_ROBOTS_TEAM;i++)
  {
    Strategy->SetCurrentPosition(i,DataRep->MyRobot[i].X,DataRep-
>MyRobot[i].Y,DataRep->MyRobot[i].Theta);
    Strategy->SetCurrentPosition(i+NUMBER_ROBOTS_TEAM,DataRep-
>YourRobot[i].X,DataRep->YourRobot[i].Y,DataRep->YourRobot[i].Theta);
  }
  Strategy->SetBallPosition(DataRep->Ball.X,DataRep->Ball.Y);

  // Display received positions
  EditX->Text = DataRep->MyRobot[0].X;
  DisplayPosition->Text = "";
  DisplayPosition->Lines->Add("X0 = "+(String)DataRep->MyRobot[0].X);
  DisplayPosition->Lines->Add("Y0 = "+(String)DataRep->MyRobot[0].Y);
  DisplayPosition->Lines->Add("Theta0 = "+(String)DataRep->MyRobot[0].Theta);
  DisplayPosition->Lines->Add("Speed0 = "+(String)DataRep->MyRobot[0].Speed);
  DisplayPosition->Lines->Add("X1 = "+(String)DataRep->MyRobot[1].X);
  DisplayPosition->Lines->Add("Y1 = "+(String)DataRep->MyRobot[1].Y);
  DisplayPosition->Lines->Add("Theta1 = "+(String)DataRep->MyRobot[1].Theta);
  DisplayPosition->Lines->Add("Speed1 = "+(String)DataRep->MyRobot[1].Speed);
  DisplayPosition->Lines->Add("X2 = "+(String)DataRep->MyRobot[2].X);
  DisplayPosition->Lines->Add("Y2 = "+(String)DataRep->MyRobot[2].Y);
  DisplayPosition->Lines->Add("Theta2 = "+(String)DataRep->MyRobot[2].Theta);
  DisplayPosition->Lines->Add("Speed2 = "+(String)DataRep->MyRobot[2].Speed);

  if (DataRep->TimeStamp-OldTimeStamp!=0)
    moyenne = (moyenne + DataRep->TimeStamp-OldTimeStamp)/2;
  Edit1->Text = moyenne;
  OldTimeStamp = DataRep->TimeStamp;

  free(DataRep);

  // prepare next request
  DataReq.Size=sizeof(TDataRequest)-4;
  DataReq.ID=0;
  DataReq.Period=1;

  for (i=0;i<NUMBER_ROBOTS_TEAM;i++)
  {
    result = Strategy->GetNextRequest(i,&mode,&flag,&x,&y,&theta);
    DataReq.Robot[i].Mode = mode;
    DataReq.Robot[i].Flag = flag;
    DataReq.Robot[i].SX = x;
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    DataReq.Robot[i].SY = y;
    DataReq.Robot[i].Theta = theta;
    DisplayPosition->Lines->Add("X = "+(String)x);
    DisplayPosition->Lines->Add("Y = "+(String)y);
    DisplayPosition->Lines->Add("Theta = "+(String)theta);
  }

  // send next request
  ClientSocket1->Socket->SendBuf(&DataReq, sizeof(TDataRequest));
}
//---------------------------------------------------------------------------

void __fastcall TMainForm::FormClose(TObject *Sender, TCloseAction &Action)
{
  Strategy->Free();
}
//---------------------------------------------------------------------------
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Pro (ISR)
Express (du

LAMI) Home (JCZ)

Puce
Connectix

Logitech
(NEW)

Logitech
(NEW)

Prix Fr. 250.00 Fr. 90.00 Fr. 150.00

Essais avec GraphEdit Légende Images/sec
max.

Images/sec
max.

Images/sec
max.

Capture Filter Logitech 8.65 6.33  A l'EPFL (PII 266MHz /
32 MB ?) Capture Filter SDK (VidCap.ax) 6.04 4.92  

Capture Filter Logitech 8.96 7.38 14.43A la maison (K6II
350MHz / 64MB) Capture Filter SDK (VidCap.ax)

8.35 7.38
14.6 (7.58
preview)

Distorsion de l'image Convexe Concave
Légèrement

convexe

Retard approximatif (expérimentation subjective) ~0.3 sec ~0.1 sec
~0.1 sec (voire
presque mieux
que Express…)

Qualité de l'image (1 = meilleure note) 1 3 2

Flou lors des mouvements rapide (1=bon, 3=très flou) 2 3 1
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Quick Cam Pro :

Quick Cam Home :

Quick Cam Express :
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