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Appendix A

Angle Between Rays Computation from Step 7 of the Stability
Margin Algorithm

7KH�IROORZLQJ�LV�D�PRUH�GHWDLOHG�YHUVLRQ�RI�6WHS���RI�WKH�6WDELOLW\�0DUJLQ�$OJRULWKP

SUHVHQWHG�LQ�6HFWLRQ�����

&DOFXODWH� WKH� LQFOXGHG� DQJOH� EHWZHHQ� HDFK� UD\� DQG� LWV� VXFFHVVLYH� UD\� �WKH� UD\

WKURXJK�WKH�QH[W�VHTXHQWLDO�FRQYH[�KXOO�YHUWH[���DOO�WKH�ZD\�DURXQG�WKH�FRQYH[�KXOO�

1RWH�WKDW�LQ�6WHS���RI�WKH�DOJRULWKP��UD\V�ZHUH�GHILQHG�IURP�WKH�X-Y �SURMHFWLRQ�RI

WKH� URERWªV�FHQWHU�RI�JUDYLW\�SRLQW� WR�HDFK�RI� WKH�FRQYH[�KXOO� YHUWH[�SRLQWV�� ,Q� WKH

FRGH�WKHVH�UD\V�DUH�DFWXDOO\�YHFWRUV�GHILQHG�DV�

V P Pk k CG � ZKHUH�k�LV�WKH�QXPEHU�RI�FRQYH[�KXOO�YHUWLFHV

)25�HDFK�VHTXHQWLDO�SDLU�RI�YHFWRUV�DURXQG�WKH�SRO\JRQ��LQFOXGLQJ�WKH�DQJOH�

EHWZHHQ�WKH�ILUVW�YHFWRU�DQG�WKH�ODVW�YHFWRU��

D� &RPSXWH�DQJOH�EHWZHHQ�VXFFHVVLYH�YHFWRUV�

,W�MXVW�JRHV�WR�VKRZ�\RX��WKHUH
V�DOZD\V�VRPHWKLQJ�
,I�LW
V�QRW�RQH�WKLQJ��LW
V�DQRWKHU�

�*LOGD�5DGQHU�DV�5RVHDQQH�5RVDQQD�'DQQD
IURP�6DWXUGD\�1LJKW�/LYH�������
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1RWH�WKDW�LQ�RUGHU�WR�HDVLO\�KDQGOH�WKH�FDVH�RI�WKH�DQJOH�EHWZHHQ�WKH�ODVW�YHFWRU�DQG

WKH�ILUVW�YHFWRU��LW�LV�XVHIXO�WR�VWRUH�WKH�FRQYH[�KXOO�YHUWLFHV�DV�D�FLUFXODU�OLQNHG�OLVW�RU

DV�D� OLQHDU�DUUD\�ZLWK�DQ�H[WUD�PHPEHU�DGGHG�WR�WKH�HQG�WKDW� LV�D�GXSOLFDWH�RI� WKH

ILUVW�YHUWH[�



Appendices 347

Appendix B

Distance Computation from Step 10 of the Stability Margin
Algorithm

7KH�IROORZLQJ�LV�D�PRUH�GHWDLOHG�YHUVLRQ�RI�6WHS����RI�WKH�6WDELOLW\�0DUJLQ�$OJRULWKP
SUHVHQWHG�LQ�6HFWLRQ�����

&RPSXWH� WKH�PLQLPXP�X-Y� GLVWDQFH�� dk �� IURP� WKH� FHQWHU�RI� JUDYLW\��PCG�� WR� HDFK

OLQH��P Pk k�1 ��WKDW�FRQQHFWV�VHTXHQWLDO�YHUWLFHV�RQ�WKH�FRQYH[�KXOO�

:KHUH�dk �LV�FRPSXWHG�DV�IROORZV�
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Appendix C

Defining Leg Pair Movements Relative to the Leg Pair’s Current
Position

7KLV� DSSHQGL[� H[SODLQV� DQ� DOWHUQDWLYH� WHFKQLTXH� IRU� GHILQLQJ� QHZ� SRVLWLRQV� RI� WKH

URERW�OHJ�SDLUV�WR�WKH�RQH�SUHVHQWHG�LQ�&KDSWHU����:KLOH�WKLV�PHWKRG�LV�OHVV�HIILFLHQW

DQG�DSSHDUV�WR�EH�LOO�VXLWHG�IRU�XVH�ZLWK�DXWRPDWHG�OHJ�VWHS�WUDMHFWRU\�JHQHUDWLRQ��LW

LV�LQFOXGHG�KHUH��EHFDXVH�DQ�HDUOLHU�YHUVLRQ�RI�WKH�VLPXODWLRQ�FRGH�XVHG�WKLV�PHWKRG�

DQG�� PRUH� LPSRUWDQWO\�� EHFDXVH� WKLV� PHWKRG� PD\� EH� XVHIXO� IRU� WHOHRSHUDWLQJ� WKH

URERW�DQG�IRU�SHUIRUPLQJ�JXDUGHG�PRWLRQV�IRU�DGDSWLQJ�WR�WKH�WHUUDLQ�

5HFDOO�WKDW�WKH�SUREOHP�LV��JLYHQ�WKH�SRVLWLRQ�RI�OHJ�SDLU� l�DW�WLPH�t��GHILQH�ZKHUH�LW

ZLOO� EH� DW� WKH� QH[W� WLPH� LQFUHPHQW�� t t+ ∆ �� 7KH�PHWKRG� SUHVHQWHG� LQ� 6HFWLRQ� �����

DFFRPSOLVKHV� WKLV� E\� PDNLQJ� D� QHZ� KRPRJHQHRXV� WUDQVIRUP� ZLWK� UHVSHFW� WR� WKH

ORFDO�FRRUGLQDWH�IUDPH��+RZHYHU��ZLWK�WKLV�DOWHUQDWLYH�PHWKRG��PRYHPHQW�GHILQLWLRQ

LV�GRQH�E\�PDNLQJ�D�QHZ�WUDQVIRUP� ′l
l T ��ZKLFK�GHVFULEHV�WKH�QHZ�SRVLWLRQ�RI�WKH�OWK

OHJ�SDLU�UHODWLYH�WR�LWV�FXUUHQW�SRVLWLRQ��7KLV�PHWKRG�PD\�EH�DGYDQWDJHRXV�LQ�FDVHV�LQ

ZKLFK�D�WHOHRSHUDWRU�LV�WU\LQJ�WR�VSHFLI\�WKH�PRWLRQ�RI�WKH�YHKLFOH�EDVHG�RQ�LPDJHV

WUDQVPLWWHG�IURP�FDPHUDV�PRXQWHG�GLUHFWO\�RQ�WKH�YHKLFOH�
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)LJXUH�&���VKRZV�DQ�H[DPSOH�RI�VSHFLI\LQJ�D�QHZ�SRVLWLRQ�IRU�WKH�URERW
V�VHFRQG�OHJ

SDLU�IUDPH��SRVLWLRQ��
���7KH�GLIIHUHQFH�EHWZHHQ�WKLV�PHWKRG�DQG�WKH�RQH�SUHVHQWHG

LQ�&K����FDQ�EH�VHHQ�JUDSKLFDOO\�E\�FRPSDULQJ�)LJ��&���ZLWK�)LJ������
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 Figure C.1 - Specifying a New Position for Leg Pair 2 Relative to its Current Position

7KH ′l
l T � WUDQVIRUPDWLRQ� LV� FRQVWUXFWHG� XVLQJ� WKH� VDPH� EDVLF�PDWKHPDWLFV� WKDW� ZDV

XVHG�WR�PDNH�WKH ′l
LT �WUDQVIRUP�H[SODLQHG�LQ�6HFWLRQ��������7KH�NH\�GLIIHUHQFH�LV�WKDW

WKH�PRWLRQ�SURJUDP�LQWHUSUHWHU�PXVW�EH�PRGLILHG�WR�RXWSXW�WKH���'2)�PRYHPHQW

VSHFLILFDWLRQ� �x��y��z��γ��β��α��ZLWK� UHVSHFW� WR� WKH�FXUUHQW� OHJ�SDLU�FRRUGLQDWH� IUDPH�

UDWKHU�WKDQ�WKH�ORFDO�IUDPH�

%\�PRGLI\LQJ� (T�� ���� WR� LQGLFDWH� WKHVH� QHZ� LQSXW� YDULDEOHV�� ZH� REWDLQ� WKH�PDWUL[
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6LQFH� WKH� QHZ� IUDPH� RI� UHIHUHQFH�� l' �� UHSODFHV� WKH� FXUUHQW� IUDPH�� l�� WKH

WUDQVIRUPDWLRQ�IURP�WKH�OHJ�SDLU�IUDPH�WR�WKH�ORFDO�IUDPH�PXVW�EH�XSGDWHG�WR�UHIOHFW

WKH�QHZ�SRVLWLRQ�RI�WKH�OHJ�SDLU��7KLV�LV�DFFRPSOLVKHG�XVLQJ�WKH�HTXDWLRQ�EHORZ�

� �
 � �l

L
l

L
l
l l NT T T          for    1 ����&���

:KHUH�N� LV�WKH�QXPEHU�RI� OHJ�SDLUV�RQ�WKH�URERW��1RWH�WKDW�DOO� OHJ�SDLUV�WKDW�PRYH

GXULQJ� D� SDUWLFXODU� WLPH� LQWHUYDO�PXVW� EH�XSGDWHG�� 7KLV� UHVXOW� FDQ� WKHQ�EH� GLUHFWO\

XVHG� LQ� WKH� LQYHUVH� NLQHPDWLFV�� VWDELOLW\� DQDO\VLV�� DQG� UHQGHULQJ� FRPSXWDWLRQV

PHQWLRQHG�LQ�&K����

7KXV�� DW� HDFK� WLPH� LQFUHPHQW�� WKLV� PHWKRG� UHTXLUHV� DQ� DGGLWLRQDO� PDWUL[

PXOWLSOLFDWLRQ�IRU�HYHU\�PRYLQJ�OHJ�SDLU�ZKHQ�FRPSDUHG�WR�WKH�PHWKRG�GHVFULEHG�LQ

&K�����7KHVH�PDWUL[�PXOWLSOLFDWLRQV�FDQ�EH�VLPSOLILHG�VRPH�EHFDXVH�WKH� ODVW� URZ�RI

WKH� KRPRJHQHRXV� PDWULFHV� LV� FRQVWDQW�� HYHQ� ZKHQ� PXOWLSOLHG�� 6R� LQVWHDG� RI� ��

PXOWLSOLFDWLRQV�DQG����DGGLWLRQV�IRU�WKH�JHQHUDO�PXOWLSOLFDWLRQ�RI�WZR�>�[�@�PDWULFHV�

WKLV�RSHUDWLRQ�UHTXLUHV����PXOWLSOLFDWLRQV�DQG����DGGLWLRQV�

+DQGOLQJ�VLQJOH�GLVFUHWH�PRYHPHQWV�XVLQJ�WKLV�PHWKRG�LV�VLPSOH�HQRXJK��VR�ORQJ�DV

WKH� PDWUL[� PXOWLSOLFDWLRQV� FDQ� EH� GRQH� TXLFNO\� HQRXJK� WR� PDLQWDLQ� D� UHDVRQDEOH

XSGDWH� UDWH�� ,I� WKH� XSGDWH� UDWH� JHWV� WRR� VORZ�� WKH� FRQWURO� ODJV� ZLOO� FDXVH� WKH

WHOHRSHUDWRU�WR�§RYHUVWHHU¨��+RZHYHU��XVLQJ�WKLV�PHWKRG�IRU� WUDFNLQJ�D�SUH�SODQQHG

OHJ�VWHS�WUDMHFWRU\�UHODWLYH�WR�WKH�ORFDO�RU�JOREDO�IUDPH�LV�FXPEHUVRPH��7KLV�GLIILFXOW\

UHVXOWV�EHFDXVH� WKH� §FXUUHQW¨� IUDPH�RI� UHIHUHQFH� FKDQJHV� DW� HYHU\� SRLQW� DORQJ� WKH

WUDMHFWRU\��7R�WUDFN�SUH�SODQQHG�WUDMHFWRULHV�XVLQJ�WKLV�PHWKRG�LQYROYHV�VHYHUDO�PRUH

FRPSXWDWLRQDO� VWHSV� WKDQ� KDYH� EHHQ� SUHVHQWHG� KHUH�� 7KH� SUHIHUUHG� WHFKQLTXH� IRU

VSHFLI\LQJ�SUH�SODQQHG�WUDMHFWRULHV�ZDV�SUHVHQWHG�LQ�6HFWLRQ�������


