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1DWXUDO�KHDG�SRVLWLRQ�DQG�WKH�SHUFHSWLRQ�RI�WKH�IDFH�LQ�SURILOH
'HPHWULRV�-�+DOD]RQHWLV��'�'�6���0�6���'U��2GRQW�
6XPPDU\1DWXUDO�KHDG�SRVLWLRQ��RU�SRVWXUH��KDV�EHHQ�SURSRVHG�DV�DQ�DOWHUQDWLYH�H[WUDFUDQLDO�UHIHUHQFH�V\VWHP�IRU�DVVHVVPHQW�RI�FUDQLRIDFLDO�PRUSKRORJ\��GXULQJ�FOLQLFDO�H[DPLQDWLRQ�DQG�FHSKDORPHWULF�DQDO\VLV��7KHUH�DUH�D�QXPEHU�RI�GLIIHUHQW�GHILQLWLRQV�RI�QDWXUDO�KHDG�SRVWXUH�SRVLWLRQ��DFFRUGLQJ�WR�WKH�PHWKRG�XVHG�WR SRVLWLRQ�WKH�VXEMHFW��7KH�PLUURU�SRVLWLRQ�LV�GHILQHG�DV�WKDW�SRVLWLRQ�WDNHQ�E\�WKH�KHDG��ZKHQ�WKH�VXEMHFW�LV�ORRNLQJ�DW�RQH¶V�RZQ�H\HV�WKURXJK�D�VPDOO�PLUURU�SRVLWLRQHG�DW�H\H�OHYHO��7KLV�LV�WKH�SRVLWLRQ�PRVW�FRPPRQO\�UHIHUUHG�WR�DV�µQDWXUDO�KHDG�SRVLWLRQ¶��1DWXUDO�KHDG�SRVWXUH��RQ�WKH�RWKHU�KDQG��LV�WKH�SRVLWLRQ�WKDW�WKH�KHDG�DVVXPHV�XQGHU�D�EDODQFHG�PXVFOH�IRUFH��(VWLPDWHG�QDWXUDO�KHDG�SRVLWLRQ RU�QDWXUDO�KHDG�RULHQWDWLRQ LV�WKH�SRVLWLRQ�WKDW�WKH�WUHDWLQJ�FOLQLFLDQ�EHOLHYHV�WKH�KHDG�ZRXOG�WDNH��LI�WKH�VXEMHFW�ZHUH�ORRNLQJ�DW�RQH¶V�H\HV�DW�D�PLUURU�SRVLWLRQHG�DW�H\H�OHYHO��7KLV�SRVLWLRQ�LV�UHFRPPHQGHG�IRU�RUWKRGRQWLF�GLDJQRVLV��$HVWKHWLF�SRVLWLRQ LV�WKH�SRVLWLRQ�RI�WKH�KHDG�PRVW�SOHDVLQJ�WR�WKH�FOLQLFLDQ�7KH�XVH�RI�QDWXUDO�KHDG�SRVLWLRQ�LQ�RUWKRGRQWLF�GLDJQRVLV�LV�EDVHG�RQ�WKH�IROORZLQJ�DVVXPSWLRQV��D��WKDW�WKLV�LV�WKH�SRVLWLRQ�PRVW�FRPPRQO\�DVVXPHG�E\�WKH�KHDG�GXULQJ�VRFLDO�LQWHUDFWLRQV��E��WKDW�SHUFHSWLRQ�RI�IDFLDO�PRUSKRORJ\�DQG�DHVWKHWLFV�GHSHQGV�RQ�KHDG�SRVLWLRQ��7KLV�ODVW�DVVXPSWLRQ�LPSOLHV�WKDW�ZH��DV�REVHUYHUV�RI�WKH�KXPDQ�IDFH��DUH�PLVOHG�E\�IOH[LRQ�RU�H[WHQVLRQ�RI�WKH�KHDG��DQG�FDQ�SURSHUO\�MXGJH�D�IDFH�RQO\�ZKHQ�LW�LV�SUHVHQWHG�LQ�DQ�XSULJKW�SRVLWLRQ�,W�LV�LQWHUHVWLQJ�WR�QRWH�WKDW�ERWK�WKHVH�DVVXPSWLRQV�KDYH�QRW�EHHQ�DGHTXDWHO\�LQYHVWLJDWHG�LQ�WKH�OLWHUDWXUH��7KLV�VWXG\�FRQVLVWV�RI�WKUHH�SDUWV��7KH�SXUSRVH�RI�WKH�ILUVW�SDUW�ZDV�WR�PHDVXUH�WKH�LQFOLQDWLRQ�RI�WKH�KHDG�GXULQJ�H[WHQGHG�WLPH�SHULRGV��LQ�VRFLDOO\�LQWHUDFWLYH�IXQFWLRQV��7KH�VHFRQG�SDUW�DLPHG�DW�LQYHVWLJDWLQJ�ZKHWKHU�IDFLDO�PRUSKRORJ\�PD\�DIIHFW�HVWLPDWHG�QDWXUDO�KHDG�SRVLWLRQ��DV�MXGJHG�E\�H[SHULHQFHG�RUWKRGRQWLVWV��7KH�SXUSRVH�RI�WKH�WKLUG�SDUW�ZDV�WR�DVVHVV�ZKHWKHU�MXGJPHQW�RI�IDFLDO�PRUSKRORJ\�LV�DIIHFWHG�E\�WKH�SRVLWLRQ�RI�WKH�KHDG�3DUW�,��0HDVXUHPHQW�RI�KHDG�SRVLWLRQ0HWKRGV7KH�PHDVXUHPHQW�GHYLFH�FRQVLVWHG�RI�D�GXDO�D[LV�LQFOLQRPHWHU�FRXSOHG�WR�DQ�DQDORJ�GLJLWDO�FRQYHUWHU��7KH�LQFOLQRPHWHU�ZDV�IL[HG�RQ�WKH�EULP�RI�D�EDVHEDOO�FDS��ZRUQ�E\�WKH�VXEMHFWV��7KH�VLJQDO�IURP�WKH�FRQYHUWHU�ZDV�IHG�WR�D�SDOPWRS�FRPSXWHU�WKDW�UHJLVWHUHG�WKH�LQFOLQDWLRQ�RI�WKH�KHDG�HYHU\�VHFRQG��0HDVXUHPHQWV�ZHUH�WDNHQ�IRU�D�SHULRG�RI�������PLQXWHV�GXULQJ�DFWLYLWLHV�VXFK�DV�ZDONLQJ��GULYLQJ�DQG�OXQFKLQJ�DW�D�
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FDIp��,QFOLQDWLRQ�RI�WKH�KHDG�ZDV�FRPSDUHG�WR�UHIHUHQFH�YDOXHV�PHDVXUHG�DW�WKH�EHJLQQLQJ�DQG�HQG�RI�HDFK VHVVLRQ�5HVXOWV,QFOLQDWLRQ�RI�WKH�KHDG�ZDV�VLJQLILFDQWO\�GLIIHUHQW�IURP�QDWXUDO�KHDG�SRVLWLRQ��DV�UHJLVWHUHG�E\�WKH�PLUURU�DQG�VHOI�EDODQFH�PHWKRGV��'XULQJ�ZDONLQJ�LQ�WKH�VWUHHWV��KHDG�SRVLWLRQ�ZDV�PRUH�IOH[HG��SUREDEO\�GLFWDWHG�E\�WKH�QHHG�WR�ZDWFK�RQH¶V�VWHS��,Q�FRQWUDVW��GXULQJ�GULYLQJ��WKH�KHDG�ZDV�LQ�D�PRUH�H[WHQGHG�SRVWXUH��(DWLQJ�UHTXLUHG�SHULRGLF�PRYHPHQWV�RI�IOH[LRQ��$�VLJQLILFDQW�YDULDELOLW\�LQ�KHDG�SRVLWLRQ�ZDV�QRWHG�GXULQJ�DOO�DFWLYLWLHV��DOWKRXJK�WKLV�ZDV�OHVV�GXULQJ�GULYLQJ�&RQFOXVLRQV1DWXUDO�KHDG�SRVLWLRQ�LV�QRW�WKH�SRVLWLRQ�DVVXPHG�GXULQJ�PRVW�RI�WKH�WLPH��,W�PD\�QRW�HYHQ�EH�WKH�DYHUDJH�SRVLWLRQ�3DUW�,,��)DFLDO�IRUP�DQG�HVWLPDWHG�QDWXUDO�KHDG�SRVLWLRQ0HWKRGV)RXUWHHQ�SURILOH�SKRWRJUDSKV�ZHUH�ZDUSHG�XVLQJ�FRPSXWHU�JUDSKLFV�WHFKQLTXHV��WR�SURGXFH�WKUHH�LPDJHV�IURP�HDFK�RULJLQDO��GLIIHULQJ�RQO\�LQ�WKH�DQWHURSRVWHULRU�SRVLWLRQ�RI�WKH�FKLQ��7KH����LPDJHV����[���ZHUH�SRVLWLRQHG�LQ�FLUFXODU�IUDPHV�DQG�VKRZQ�WR�VHYHQ�H[SHULHQFHG�RUWKRGRQWLVWV��7KH�RUWKRGRQWLVWV�ZHUH�DVNHG�WR�URWDWH�WKH�LPDJHV�DQG�SRVLWLRQ�WKHP�DFFRUGLQJ�WR�WKH�HVWLPDWHG�QDWXUDO�KHDG�SRVLWLRQ�5HVXOWV(VWLPDWHG�QDWXUDO�KHDG�SRVLWLRQ�ZDV�IRXQG�WR�GHSHQG�RQ�WKH�DQWHURSRVWHULRU�SRVLWLRQ�RI�WKH�FKLQ��,PDJHV�ZLWK�SURWUXVLYH�FKLQV�ZHUH�SRVLWLRQHG�ZLWK�WKH�KHDG�URWDWHG�PRUH�GRZQZDUGV��)UDQNIXUW�SODQH��)+��DW�������UHODWLYH�WR�KRUL]RQWDO��WKDQ�LPDJHV�ZLWK�UHWUXVLYH�FKLQV��)+�DW���������7KH�GLIIHUHQFH�LQ�KHDG�RULHQWDWLRQ�PHDVXUHPHQWV�ZDV�KDOI�RI�WKH�GLIIHUHQFH�LQ�FKLQ�SRVLWLRQ���������IRU�D�FKLQ�FKDQJH�RI�����&RQFOXVLRQ7KH�YDOLGLW\�RI�WKH�DHVWKHWLF�RU�HVWLPDWHG�1+3�IRU�GLDJQRVLV�LV�TXHVWLRQHG��VLQFH�LW�GHSHQGV�RQ�WKH�VDPH�IDFWRU�LW�DLPV�WR�DVVHVV�3DUW�,,,��3HUFHSWLRQ�RI�IDFLDO�IRUP�DQG�KHDG�SRVLWLRQ0HWKRGV$�VLQJOH�SKRWRJUDSK�ZDV�ZDUSHG�WR�SURGXFH����IUDPHV�GHSLFWLQJ�D�JUDGXDO�FKDQJH�IURP�D�SRVWHULRU�WR�DQ�DQWHULRU�FKLQ�SRVLWLRQ��8VLQJ�FRPSXWHU�VRIWZDUH��WKHVH�IUDPHV�FRXOG�EH�GLVSOD\HG�VHTXHQWLDOO\��JLYLQJ�WKH�LPSUHVVLRQ�WKDW�WKH�FKLQ�ZDV�PRYLQJ�IRUZDUGV�RU�EDFNZDUGV��$GMDFHQW�WR�WKLV�XVHU�DGMXVWDEOH�LPDJH��RQH�RI�WKH�LQWHUPHGLDU\�IUDPHV ZDV�GLVSOD\HG��DV�D�UHIHUHQFH�LPDJH��HLWKHU�LQ�WKH�VDPH�RULHQWDWLRQ�RU�URWDWHG��H[WHQGHG�RU�IOH[HG�E\�������7KLUW\�QLQH�OD\SHUVRQV�XVHG�WKH�NH\ERDUG�DQG�PRYHG�WKH�FKLQ�XQWLO�WKH�IDFH�VHHPHG�WR�WKHP�LGHQWLFDO�WR�WKH�UHIHUHQFH�LPDJH��7KH�VHOHFWHG�LPDJH�IUDPH�ZDV�QRWHG�
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5HVXOWV-XGJHV�FRXOG�HVWLPDWH�IDFLDO�PRUSKRORJ\�ZLWKRXW�V\VWHPDWLF�HUURU�ZKHQ�WKH�KHDG�ZDV�KRUL]RQWDO�RU�URWDWHG�GRZQZDUGV��+RZHYHU��ZKHQ�WKH�UHIHUHQFH�LPDJH�ZDV�URWDWHG�XSZDUGV��FKLQ�SURWUXVLRQ�ZDV�RYHUHVWLPDWHG�&RQFOXVLRQ3HUFHSWLRQ�RI�IDFLDO�SURILOH�IRUP�PD\�EH�GLIIHUHQW�ZKHQ�WKH�KHDG�LV�H[WHQGHG�WKDQ�ZKHQ�LW�LV�IOH[HG�RU�LQ�D�KRUL]RQWDO�SRVLWLRQ�'LVFXVVLRQ�� &RQFOXVLRQV7KH�UHVXOWV�RI�WKLV�VWXG\�WKURZ�VHULRXV�GRXEWV�RQ�WKH�XVH�RI�QDWXUDO�KHDG�SRVLWLRQ�IRU�GLDJQRVLV��([WHQGHG�FRQWLQXRXV�PHDVXUHPHQW�RI�KHDG�SRVLWLRQ�VKRZHG�WKDW��ZKDW�LV�FRQVLGHUHG�DV�QDWXUDO�KHDG�SRVLWLRQ��PD\�QRW�EH�WKH�SRVLWLRQ�PRVW�FRPPRQO\�DVVXPHG��RU�HYHQ�WKH�DYHUDJH�SRVLWLRQ��7KLV�ILQGLQJ�OHQGV�VXSSRUW�WR�WKH�SURSRQHQWV�RI�WKH�HVWLPDWHG�QDWXUDO�KHDG�SRVLWLRQ��RU��WR�WKH�XVH�RI�WKH�DHVWKHWLF�SRVLWLRQ��+RZHYHU��WKH�ILQGLQJ�WKDW�IDFLDO�PRUSKRORJ\�DIIHFWV�HVWLPDWHG�QDWXUDO�KHDG�SRVLWLRQ�EHJV�WKH�TXHVWLRQ��ZKHWKHU�LW�LV�YDOLG�WR�XVH�WKLV�SRVLWLRQ�IRU�GLDJQRVLQJ�IDFLDO�PRUSKRORJ\��7KH�ILQDO�SDUW�RI�WKLV�VWXG\�UHYHDOHG�WKDW�DVVHVVPHQW�RI�IDFLDO�VKDSH�E\�OD\SHUVRQV�PD\�GHSHQG�RQ�IDFLDO�SRVLWLRQ��EXW�QRW�LQ�D�FRQVLVWHQW�PDQQHU��7KHUHIRUH��KHDG�SRVLWLRQ�DQG�DVVHVVPHQW�RI�IDFLDO�PRUSKRORJ\�VHHP�LQWHUUHODWHG��HDFK�DIIHFWLQJ�WKH�RWKHU��1DWXUDO�KHDG�SRVLWLRQ�PD\�QRW�EH�WKH�DSSURSULDWH PHWKRG�IRU�RUWKRGRQWLF�GLDJQRVLV�
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# inclinometer .bas
# serial port I/O
open "com1:",19200 as #5
# initialize device
print #5, "A";
# wait for confirmation
while get$(#5, 0) < 0
k$=inkey$
if k$ <> "" then
close #5
end

endif
wend
# Show OK status 
draw -1
draw "On-line", 10, 30
mydb=open "PostData" as new "LSdb", 2
# Main Loop
i=1
k$ = inkey$
while k$=""
# Get timer
t = timer

# Read Roll and show it
print #5, "B";
input #5, a$
a$="0x"+a$
a=round((val(a$)-2060), 1)
draw "Roll: " + str$(a) + "    ", 10, 50
s$(20)=str$(a)

# Read Pitch and show it
print #5, "C";
input #5, a$
a$="0x"+a$
a=round((val(a$)-2060), 1)
draw "Pitch: " + str$(a)+"    ", 10, 60
s$(21)=str$(a)
put mydb, new, 103

i=i+1
draw str$(i),10,80
# wait for second to end
while (t+1) > timer
k$ = inkey$

wend



��
wend
close #5
end
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¨ÈÃÊÈÎÄÏ.3Á.
�� %DVV 10��7KH�DHVWKHWLF�DQDO\VLV�RI�WKH�IDFH��(XU�-�2UWKRG������������������� %HQVRQ�3-� 3HUUHWW�',��3HUFHSWLRQ�DQG�UHFRJQLWLRQ�RI�SKRWRJUDSKLF�TXDOLW\�IDFLDO�FDULFDWXUHV��LPSOLFDWLRQV�IRU�WKH�UHFRJQLWLRQ�RI�QDWXUDO�LPDJHV��(XU�-�&RJQLWLYH�3V\FKRORJ\������������������ %RZPDQ�6-��0RUH�WKDQ�OLS�VHUYLFH��)DFLDO�HVWKHWLFV�LQ�RUWKRGRQWLFV��-$'$���������������������� %UXFH�9��+HDOH\�3��%XUWRQ�$0��'R\OH�7��&RRPEHV�$��/LQQH\�$��5HFRJQL]LQJ�IDFLDO�VXUIDFHV��3HUFHSWLRQ������������������� %UXFH�9��9DOHQWLQH�7��%DGGHOH\�$'��7KH�EDVLV�RI�WKH�WKUHH�TXDUWHU�YLHZ�DGYDQWDJH�LQ�IDFH�UHFRJQLWLRQ��$SSOLHG�&RJQLWLYH�3V\FKRORJ\������������������ %UXFH�9��<RXQJ�$��,Q�WKH�H\H�RI�WKH�EHKROGHU��7KH�VFLHQFH�RI�IDFH�SHUFHSWLRQ��2[IRUG�8QLYHUVLW\�3UHVV�,QF���1HZ�<RUN��������� &RFKUDQH�60��&XQQLQJKDP�6-��+XQW�13��3HUFHSWLRQV�RI�IDFLDO�DSSHDUDQFH�E\�RUWKRGRQWLVWV�DQG�WKH�JHQHUDO�SXEOLF��-�&OLQ�2UWKRG������������������� &RRNH�06��:HL�6+<��$�VXPPDU\�ILYH�IDFWRU�FHSKDORPHWULF�DQDO\VLV�EDVHG�RQ�QDWXUDO�KHDG�SRVWXUH�DQG�WKH�WUXH�KRUL]RQWDO��$P�-�2UWKRG�'HQWRIDF�2UWKRS������������������� &RRNH�06��:HL�6+<��7KH�UHSURGXFLELOLW\�RI�QDWXUDO�KHDG�SRVWXUH��$�PHWKRGRORJLFDO�VWXG\��$P�-�2UWKRG�'HQWRIDF�2UWKRS�������������������� &R[�1+��YDQ�GHU�/LQGHQ�)3*0��)DFLDO�KDUPRQ\��$P�-�2UWKRG���������������� &]DUQHFNL�67��1DQGD�56��&XUULHU�*)��3HUFHSWLRQV�RI�D�EDODQFHG�IDFLDO�SURILOH��$P�-�2UWKRG�'HQWRIDF�2UWKRS������������������� 'DO\�3)��3UHVWRQ�&%��(YDQV�:*��3RVWXUDO�UHVSRQVH�RI�WKH�KHDG�WR�ELWH�RSHQLQJ�LQ�DGXOW�PDOHV��$P�-�2UWKRG�������������������� 'H�6PLW�6'��'HUPDXW�/��6RIW�WLVVXH�SURILOH�SUHIHUHQFH��$P�-�2UWKRG������������������ 'RW\�1'��7KH�LQIOXHQFH�RI�QDWLRQDOLW\�RQ�WKH�DFFXUDF\�RI�IDFH�DQG�YRLFH�UHFRJQLWLRQ��$P�-�3V\FKRO��������������������� )HUUDULR�9)��6IRU]D�&��*HUPDQR�'��'DOORFD�//��0LDQL�$�-U��+HDG�SRVWXUH�DQG�FHSKDORPHWULF�DQDO\VHV��$Q�LQWHJUDWHG�SKRWRJUDSKLF�UDGLRJUDSKLF�WHFKQLTXH��$P�-�2UWKRG�'HQWRIDF�2UWKRS����������������
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