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5HVHDUFK�7RSLFV�RI�WKH�0RELOH�5RERWLFV�/DE��27$�/DE� 
 

:H�KDYH�EHHQ�VWXG\LQJ�PXOWLSOH�PRELOH�URERW�V\VWHPV�VLQFH�������:H�FRQVLGHU�LQWHOOLJHQW�V\VWHPV�
DV�FRQVLVWLQJ�RI�WKUHH�IDFWRUV���D��PXOWLSOH�URERWV�RU�LQWHOOLJHQW�PDFKLQHV��PXOWLSOH�DJHQWV����E��KXPDQ�
EHLQJV�ZKR�RSHUDWH�RU�FRRSHUDWH�ZLWK�PXOWLSOH�DJHQWV��DQG��F��ZRUNLQJ�HQYLURQPHQWV��1RZ�ZH�GHDO�
ZLWK��GHVLJQ�RI�URERWLFV�V\VWHP����GHVLJQ�RI�ODUJH�VFDOH�SURGXFWLRQ�WUDQVSRUW�V\VWHPV���DQG��KXPDQ�
DQDO\VLV�� VHUYLFH�� DQG� K\SHU�DGDSWDELOLW\� VFLHQFH�� EDVHG� RQ� PRWLRQ� SODQQLQJ� PHWKRGRORJ\��
HYROXWLRQDU\�FRPSXWDWLRQ��FRQWURO�WKHRU\��DQG�VR�RQ��  

2XU�ILQDO�WDUJHW�LV�WR�HVWDEOLVK�D�GHVLJQ�PHWKRGRORJ\�IRU�PXOWL�DJHQW�V\VWHPV�LQFOXGLQJ�DUWLILFLDO�
DJHQWV��KXPDQV�DQG�ZRUNLQJ�HQYLURQPHQWV�WKURXJK�FODULI\LQJ�WKH�XQGHUO\LQJ�VWUXFWXUH�DQG�IXQFWLRQ�
LQ�WKH�LQWHOOLJHQFH�DQG�PRELOLW\��PRELOLJHQFH��RI�WKHVH�DJHQWV� 
7KH�GHWDLOV�RI�RXU�UHVHDUFK�DUH�OLVWHG�EHORZ� 
 

'HVLJQ�RI�URERWLFV�V\VWHP 
͌ �ĞǀĞůŽƉŵĞŶƚ�ĂŶĚ�ŵĂŶŝƉƵůĂƚŝŽŶ�ƉůĂŶŶŝŶŐ�ŽĨ�ƐŵĂůů�ŵŽďŝůĞ�ƌŽďŽƚ  

͌ �ŽŶƚĂĐƚ�ƐƚĂƚĞ�ĞƐƚŝŵĂƚŝŽŶ�ƵƐŝŶŐ�ŵŽƚŝŽŶ 

͌ DĞĂƐƵƌĞŵĞŶƚ�ƉŽƐĞ�ŽƉƚŝŵŝǌĂƚŝŽŶ�ŝŶ�ƌŽďŽƚ�ĐĂůŝďƌĂƚŝŽŶ�ƵƐŝŶŐ�Ă�ŚĂŶĚͲĞǇĞ�ĐĂŵĞƌĂ 

͌ �ĞƐŝŐŶ�ŽĨ�ŵĞĐŚĂŶŝƐŵ�ƵƐŝŶŐ�ŽƉƚŝŵŝǌĂƚŝŽŶ�ĂĐĐŽƌĚŝŶŐ�ƚŽ�ƚĂƐŬ 

 

'HVLJQ�DQG�PDQDJHPHQW�RI�ODUJH�VFDOH�SURGXFWLRQ��WUDQVSRUW�V\VWHPV��DQG�SODQWV 
͌ WƌŽƉŽƐĂů�ŽĨ�Ă�dĂƐŬ��ƐƐŝŐŶŵĞŶƚ�ĂŶĚ�DŽǀĞŵĞŶƚ�WůĂŶŶŝŶŐ��ůŐŽƌŝƚŚŵ��ŽŶƐŝĚĞƌŝŶŐ��ǇŶĂŵŝĐ��ŚĂƌĂĐƚĞƌŝƐƚŝĐƐ�

ŽĨ��'sƐ 

͌ ^Ŭŝůů��ǆƚƌĂĐƚŝŽŶ�ŽĨ��ǆƉĞƌƚ�ZĞĨŝŶĞƌǇ�WůĂŶƚ�/ŶƐƉĞĐƚŽƌƐ�hƐŝŶŐ�sŝƌƚƵĂů�ZĞĂůŝƚǇ�^ǇƐƚĞŵ  

͌ DŽĚĞůŝŶŐ�ŽĨ�DĂŶƵĨĂĐƚƵƌŝŶŐ�^ǇƐƚĞŵƐ�ĨŽƌ��ǆƉĞƌƚ�<ŶŽǁůĞĚŐĞ��ĞƐĐƌŝƉƚŝŽŶ 

 

+XPDQ�DQDO\VLV��VHUYLFH��DQG�K\SHU�DGDSWDELOLW\�VFLHQFH 
͌ ^ǁĂǇ��ŶĂůǇƐŝƐ�ŽĨ�^ƚƌŽŬĞ�WĂƚŝĞŶƚƐ�ŝŶ�^ƚĂŶĚŝŶŐ�WŽƐƚƵƌĞ  

͌ DŽĚĞůŝŶŐ�,ƵŵĂŶ�WŽƐƚƵƌĂů��ŽŶƚƌŽů�ďǇ�EĞƵƌĂů��ŽŶƚƌŽůůĞƌ��ŽŶƐŝĚĞƌŝŶŐ�ƚŚĞ�sĞƐƚŝďƵůŽƐƉŝŶĂů�dƌĂĐƚ  

͌ DŽƚŝŽŶ�WůĂŶŶŝŶŐ�ĨŽƌ�'Ăŝƚ�/ŶŝƚŝĂƚŝŽŶ�&ŽĐƵƐŝŶŐ�ŽŶ��ŶƚŝĐŝƉĂƚŽƌǇ�WŽƐƚƵƌĂů��ĚũƵƐƚŵĞŶƚ  

͌ �ĞǀĞůŽƉŵĞŶƚ�ŽĨ�ƚŚĞ�ǁĞĂƌĂďůĞ�ĚĞǀŝĐĞ�ĨŽƌ�ŵĞĂƐƵƌŝŶŐ�ĨŝŶŐĞƌ�ũŽŝŶƚ�ĂŶŐůĞ  

͌ DĞƚŚŽĚ�ƚŽ�ĞƐƚŝŵĂƚĞ�ƚŚĞ�ŵƵƐĐůĞ�ĂĐƚŝǀĂƚŝŽŶ�ƉĂƚƚĞƌŶ�ĨƌŽŵ�DZ/�ĂŶĚ��D' 

͌ �ĞǀĞůŽƉŵĞŶƚ�ŽĨ�ZŽďŽƚ�WĂƚŝĞŶƚƐ�^ǇƐƚĞŵ�ĨŽƌ�>ĞĂƌŶŝŶŐ�tŚĞĞůĐŚĂŝƌ�dƌĂŶƐĨĞƌ�^Ŭŝůů  

͌ �ŶĂůǇƐŝƐ�ŽĨ�ƚŚĞ��ĨĨĞĐƚƐ�ŽĨ�WŽƐƚƵƌĂů�&ĞĞĚďĂĐŬ�dƌĂŝŶŝŶŐ�ŽŶ�DĞŶƚĂů�,ĞĂůƚŚ  
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'HYHORSPHQW�DQG�0DQLSXODWLRQ�3ODQQLQJ�RI�6PDOO�0RELOH�5RERW 
 

$GRSWLQJ� URERWV� LQ� WKH�PDQLSXODWLRQ� RI� ELJ�VL]HG� REMHFWV� LQ� GRPHVWLF� HQYLURQPHQWV�� KXPDQ� FRXOG� EH�
HPDQFLSDWHG�IURP�VXFK�WULYLDO�ZRUNV��+RZHYHU��ELJ�VFDOHG�URERWV�DUH�QRW�DYDLODEOH�LQ�QDUURZ�GRPHVWLF�VSDFHV��
2ZLQJ�WR�WKH�VPDOO�VL]H�DQG�PRWLRQ�IOH[LELOLW\��VPDOO�PRELOH�URERWV�DUH�GHVLUDEOH�IRU�VXFK�WDVNV��EHFDXVH�WKH\�
FDQ�SHUIRUP�QRQ�SUHKHQVLOH�PDQLSXODWLRQ�VXEVWLWXWLQJ�PDQLSXODWRUV�E\�ZRUNLQJ�FRRSHUDWLYHO\� 
,Q�RXU�ZRUN��ZH�DGRSWHG�SDVVLYH�MRLQWV�WR�GHVLJQ�WKH�PHFKDQLVP�RI�WKH�PXOWLSOH�PRELOH�URERWV�>���@��VR�DV�

WR�UHDOL]H�WKH�HTXLYDOHQW�SRLQW²IDFH�FRQWDFW�PRGHO�EHWZHHQ�WKH�URERWV�DQG�WKH�PDQLSXODWHG�REMHFW��7KH�FRVWO\�
FRQWUROOLQJ�WR�PDLQWDLQ�WKH�REMHFW²URERW�FRQWDFW�FRXOG�EH�DYRLGHG�ZKHQ�PDQLSXODWLQJ�WKH�REMHFW��7KLV�VLPSOH�
FRQWDFW�PRGHO�IDFLOLWDWHG�WKH�PDQLSXODWLRQ�SODQQLQJ��LQ�ZKLFK�WKH�FRQWDFW�VWDWH�ZDV�UHTXLUHG�WR�EH�NQRZQ�WR�
GHWHUPLQH�ZKHWKHU�WKH�URERWV�SURYLGHG�DGHTXDWH�FRQVWUDLQW�IRU�WKH�PDQLSXODWLRQ� 
,Q� WKH� PDQLSXODWLRQ� SODQQLQJ�� WR� GHDO� ZLWK� WKH� GLVWLQFW� PXOWL�OHYHO� FRQILJXUDWLRQ� VSDFH� FDXVHG� E\� WKH�

YDU\LQJ�FRQVWUDLQWV�LQ�WKH�URERW�REMHFW�V\VWHP��D�KLHUDUFKLFDO�PHWKRG�ZDV�DGRSWHG�LQ�RXU�ZRUN��'HILQLQJ�D�
PRGH�DV�D�VHW�RI�VSHFLILF�FRQILJXUDWLRQV�WKDW�KROG�WKH�VDPH�FRQVWUDLQW��ZH�VSHFLDOO\�IRFXVHG�RQ�WKH�PRGDO�
SODQQLQJ��E\�ZKLFK�WKH�PDQLSXODWLRQ�DFWLRQ�VHTXHQFHV�FRXOG�EH�GHWHUPLQHG�WR�QDUURZ�GRZQ�WKH�FRQILJXUDWLRQ�
VSDFH� IRU� VHDUFKLQJ� WDVNV� >�@�� 2XU� SURSRVHG�PHWKRG� GHWHUPLQHG� WKH� QXPEHU� RI� URERWV� IRU�PDQLSXODWLRQ�
VWDELOLW\��DQG�LQYHVWLJDWHG�WKH�PRGH�WUDQVLWLRQV�FDXVHG�E\�WKH�URERWV¶�PRWLRQV�DQG�E\�WKH�REMHFW¶V�PRWLRQV��
:LWK� RXU� PHWKRG�� WKH� SRVVLEOH� QXPEHU� RI� PRGHV� DQG� WKHLU� WUDQVLWLRQV� ZDV� REYLRXVO\� UHGXFHG�� DQG� WKH�
GHWHUPLQHG�PRGH�VHTXHQFHV�FDQ�EH�XVHG�WR�JXLGH�WKH�IXUWKHU�VHDUFKLQJ�WDVN�IRU�FRQILJXUDWLRQ�SODQQLQJ��  

 

 

.H\ZRUGV��PRELOH�URERW��VLPSOH�FRQWDFW�PRGHO��PDQLSXODWLRQ�SODQQLQJ��PRGDO�SODQQLQJ 
 
5HIHUHQFHV� 
[1] 6��6KLUDIXML��HW�DO��0HFKDQLVP�DOORZLQJ�ODUJH�IRUFH�DSSOLFDWLRQ�E\�D�PRELOH�URERW��DQG�GHYHORSPHQW�RI�

$52'$��5RERWLFV�DQG�$XWRQRPRXV�6\VWHPV�������������������� 
[2] 7��,WR��6��6KLUDIXML��-��2WD��'HYHORSPHQW�RI�D�0RELOH�5RERW�&DSDEOH�RI�7LOWLQJ�+HDY\�2EMHFWV�DQG�LWV�

6DIH� 3ODFHPHQW� ZLWK� 5HVSHFW� WR� 7DUJHW� 2EMHFWV�� ,Q� 3URFHHGLQJV� RI� WKH� ����� ,(((� ,QWHUQDWLRQDO�
&RQIHUHQFH�RQ�5RERLFV�DQG�%LRPLPHWLFV��52%,2�������.XDOD�/XPSXU��0DOD\VLD����±���'HFHPEHU�
������SS�����±���� 

[3] &��)DQ��6��6KLUDIXML��-��2WD��0RGDO�3ODQQLQJ�IRU�&RRSHUDWLYH�1RQ�3UHKHQVLOH�0DQLSXODWLRQ�E\�0RELOH�
5RERWV��$SSOLHG�6FLHQFHV����������������� 

)LJXUH����&RQVWUDLQWV�RI�WKH�MRLQWV�RQ�WKH�URERWLFV�
OHJ�XVLQJ�ZLUHV�DQG�QRQ�FLUFXODU�SXOOH\V� 
 

)LJXUH����0HFKDQLVP�WR�GUDZ�D�OHWWHU�RQ�DQ�HJJ�
VKDSHG�REMHFW�ZLWK�OHVV�QXPEHUV�RI�MRLQWV� 
 

Form the force closure 

Generate possible 
environmental contact state 

Generate possible robot 
contact state 

Possible contact states (modes) 
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&RQWDFW�6WDWH�(VWLPDWLRQ�8VLQJ�0RWLRQ 
 

3HRSOH� FDQ� SHUIRUP� D� YDULHW\� RI� WDVNV� E\� VNLOOIXOO\� KDQGOLQJ� WKH� FRQWDFW� EHWZHHQ� DQ� REMHFW� DQG� LWV�
VXUURXQGLQJV��)RU�H[DPSOH��ZKHQ�ORDGLQJ�DQG�XQORDGLQJ�JRRGV�LQ�D�ZDUHKRXVH��LW�LV�SRVVLEOH�WR�VDYH�IRUFH�
FRPSDUHG�WR�VLPSO\�OLIWLQJ�WKH�JRRGV�E\�VOLGLQJ�WKHP��6XFK�PDQLSXODWLRQ�LV�DOVR�XVHIXO�IRU�URERWV� 
7R�DFKLHYH�VXFK�PDQLSXODWLRQ�ZLWKRXW�DSSO\LQJ�XQQHFHVVDU\�IRUFH��LW�LV�QHFHVVDU\�WR�NQRZ�WKH�FRQWDFW�VWDWH�

�H�J���WKH�VXUIDFH�RU�HGJH�LQ�FRQWDFW��EHWZHHQ�WKH�REMHFW�DQG�WKH�HQYLURQPHQW��7KHUHIRUH��LW�LV�LPSRUWDQW�WR�
HVWLPDWH�WKH�FRQWDFW�VWDWH�EHWZHHQ�WKH�REMHFW�DQG�WKH�HQYLURQPHQW�EDVHG�RQ�WKH�PRWLRQ�RI�WKH�URERW
V�KDQG� 
,Q�WKLV�VWXG\��ZH�SURSRVHG�D�PHWKRG�IRU�HVWLPDWLQJ�WKH�FRQWDFW�VWDWH�EHWZHHQ�DQ�XQNQRZQ�JHRPHWULF�REMHFW�

DQG�DQ�XQNQRZQ�JHRPHWULF�HQYLURQPHQW��:H�SURSRVHG�DQ�DOJRULWKP� WR�HVWLPDWH� WKH�FRQWDFWLQJ�IDFHV�DQG�
HGJHV�IURP�WKH�PRWLRQ�RI�DQ�REMHFW��DQG�YHULILHG�WKH�PHWKRG�E\�H[SHULPHQWV�XVLQJ�D�PRWLRQ�FDSWXUH�V\VWHP��  

 
 

.H\ZRUGV��FRQWDFW�VWDWH�HVWLPDWLRQ��FRPSOLDQW�PRWLRQ��PDQLSXODWLRQ 
 
5HIHUHQFHV� 
[1] 6HL\D�,VKLNDZD��6KRXKHL�6KLUDIXML��DQG�-XQ�2WD���2EMHFWLYH�)XQFWLRQV�RI�3ULQFLSDO�&RQWDFW�(VWLPDWLRQ�

IURP� 0RWLRQ� %DVHG� RQ� WKH� *HRPHWULFDO� 6LQJXODU� &RQGLWLRQ��� 3URFHHGLQJV� RI� WKH� ,(((�56-�

,QWHUQDWLRQDO�&RQIHUHQFH�RQ�,QWHOOLJHQW�5RERWV�DQG�6\VWHPV��/DV�9HJDV��19��86$��9LUWXDO���SS������

������2FWREHU������� 
[2] ,VKLNDZD��6���6KLUDIXML��6��	�2WD��-����������.LQHPDWLFV�$QDO\VLV�IRU�(VWLPDWLRQ�RI�&RQWDFW�&RQGLWLRQV�

LQ�7HDFKLQJ��3URFHHGLQJV�RI�WKH������-60(�&RQIHUHQFH�RQ�5RERWLFV�DQG�0HFKDWURQLFV��+LURVKLPD��
-DSDQ��-XQH���������� 

)LJXUH����([SHULPHQW�DQG�UHVXOW 
 

Edge estimation 
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0HDVXUHPHQW�3RVH�2SWLPL]DWLRQ 
LQ�5RERW�&DOLEUDWLRQ�8VLQJ�D�+DQG�H\H�&DPHUD 

 
$�NLQHPDWLF�PRGHO�IRU�FRQWUROOLQJ�D�URERW�LV�FRQVWUXFWHG�EDVHG�RQ�NLQHPDWLF�SDUDPHWHUV�VXFK�DV�OLQN�OHQJWK�

DQG�MRLQW�RIIVHW��+RZHYHU��WKH�NLQHPDWLF�SDUDPHWHUV�DUH�VXEMHFW�WR�HUURUV�GXH�WR�IDFWRUV�VXFK�DV�YDULDWLRQV�LQ�
URERW�SURFHVVLQJ�DQG�DVVHPEO\�DQG�WKHUPDO�H[SDQVLRQ��7KHUHIRUH��FRUUHFWLRQ�RI�WKH�NLQHPDWLF�SDUDPHWHUV��
L�H���URERW�FDOLEUDWLRQ��LV�QHFHVVDU\��,Q�UHFHQW�\HDUV��KRZHYHU��WKH�XVH�RI�KDQG�H\H�FDPHUDV�KDV�EHHQ�DWWUDFWLQJ�
DWWHQWLRQ� IRU� LWV� VLPSOLFLW\��+RZHYHU�� WKH�PHDVXUHPHQW� DFFXUDF\�RI� WKH� FDPHUD� LV� UHODWLYHO\� ORZ�� DQG� WKH�
FDOLEUDWLRQ�DFFXUDF\�DOVR�GHFUHDVHV��,Q�RWKHU�ZRUGV�� WKHUH�LV�D� WUDGH�RII�EHWZHHQ�WKH�HDVH�DQG�DFFXUDF\�RI�
FDPHUD�PHDVXUHPHQW��  

2Q�WKH�RWKHU�KDQG��LW�KDV�EHHQ�UHSRUWHG�WKDW�WKH�DFFXUDF\�RI�URERW�FDOLEUDWLRQ�GHSHQGV�RQ�WKH�PHDVXUHPHQW�
SRVH��L�H���LW�GHSHQGV�RQ�ZKDW�SRVH�WKH�URERW�LV�SODFHG�LQ�IRU�PHDVXUHPHQW��,Q�WKLV�UHJDUG��WKHUH�LV�D�VWXG\�WKDW�
RSWLPL]HV�WKH�PHDVXUHPHQW�SRVH�XQGHU�D�FHUWDLQ�FRQVWUDLQW�E\�VHQVLWLYLW\�DQDO\VLV�RI�WKH�UHODWLRQVKLS�EHWZHHQ�
WKH�PHDVXUHPHQW�SRVH�DQG�NLQHPDWLF�SDUDPHWHUV��+RZHYHU��WKLV�PHWKRG�FDQQRW�EH�DSSOLHG�WR�URERW�FDOLEUDWLRQ�
XVLQJ�D�KDQG�H\H�FDPHUD��EHFDXVH�WKH�KDQG�H\H�FDPHUD�PXVW�EH�DEOH�WR�FDSWXUH�WKH�FDOLEUDWLRQ�PDUNHU��DQG�
WKH�FRQVWUDLQWV�RI�WKH�URERW�KDQG�FKDQJH�GHSHQGLQJ�RQ�WKH�ORFDWLRQ�RI�WKH�PDUNHU��  

%DVHG�RQ�WKH�DERYH�EDFNJURXQG��LQ�RUGHU�WR�DFKLHYH�KLJK�DFFXUDF\�LQ�URERW�FDOLEUDWLRQ�XVLQJ�D�KDQG�H\H�
FDPHUD��ZH�KDYH�SURSRVHG�D�PHWKRG�WR�RSWLPL]H�WKH�PHDVXUHPHQW�SRVHV�FRQVLGHULQJ�WKH�FRQVWUDLQWV�LPSRVHG�
E\�WKH�KDQG�H\H�FDPHUD��%\�WDNLQJ�LQWR�DFFRXQW�WKH�HIIHFWV�RI�QRLVH�LQ�WKH�FDPHUD�LPDJH�RQ�WKH�HVWLPDWLRQ�RI�
WKH�KDQG�SRVH�DQG�WKH�HIIHFWV�RI�HUURUV�LQ�WKH�KDQG�H\H�SRVH�RQ�WKH�URERW�FDOLEUDWLRQ��ZH�FDQ�ILQG�D�FDOLEUDWLRQ�
SRVH�WKDW�LV�OHVV�VHQVLWLYH�WR�WKH�DFFXUDF\�OLPLWDWLRQV�RI�WKH�KDQG�H\H�SRVH�PHDVXUHPHQW�E\�WKH�FDPHUD�WKURXJK�
RSWLPL]DWLRQ��)RU�H[DPSOH��VLPXODWLRQ�UHVXOWV�VKRZ�WKDW�DQ�RSWLPL]HG�PHDVXUHPHQW�SRVH�FDQ�EH�REWDLQHG�DV�
VKRZQ� LQ� )LJ�� ��� ZKLFK� FRQILUPV� WKH� LPSURYHPHQW� RI� FDOLEUDWLRQ� DFFXUDF\�� &RPSDUHG� WR� FRQYHQWLRQDO�
FDOLEUDWLRQ�XVLQJ�VSHFLDOL]HG�HTXLSPHQW��WKLV�DSSURDFK�HQDEOHV�KLJKO\�DFFXUDWH�URERW�FDOLEUDWLRQ�ZLWK�D�VLPSOH�
VHWXS� 

�  

)LJ����/HIW��,QLWLDO�PHDVXUHPHQW�SRVH���5LJKW��2SWLPL]HG�PHDVXUHPHQW�SRVH� 

.H\ZRUGV��URERW�FDOLEUDWLRQ��RSWLPL]DWLRQ��KDQG�H\H�FDPHUD��DEVROXWH�SRVLWLRQLQJ�DFFXUDF\ 
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'HVLJQ�RI�0HFKDQLVP�XVLQJ�2SWLPL]DWLRQ�$FFRUGLQJ�WR�7DVN 
 

,Q�WKH�ILHOG�RI�URERWLFV��PRVW�RI�WKH�VWXGLHV�IRFXV�RQ�KRZ�WR�FRQWURO�WKH�JLYHQ�PHFKDQLVP�WR�DFFRPSOLVK�
WKH�WDUJHW�WDVN��+RZHYHU��PDQ\�WDVNV�FDQ�EH�VLPSOLILHG�RU�VROYHG�E\�SUHSDULQJ�VSHFLILHG�PHFKDQLVP�ZLWKRXW�
VRSKLVWLFDWHG� FRQWURO� PHWKRG�� 7KHUHIRUH�� ZH� DUH� VWXG\LQJ� WKH� PHWKRGRORJ\� WR� GHULYH� WKH� DSSURSULDWH�
PHFKDQLVP�IRU�D�JLYHQ�WDVN�E\�FDOFXODWLRQ�IURP�WKH�YLHZSRLQW�RI�NLQHPDWLFV� 
2QH�RI�WKH�RXWFRPHV�RI�WKLV�VWXG\�LV�WKH�PHWKRGRORJ\�WR�FRQVWUDLQ�WKH�PRWLRQ�RI�D�SDLU�RI�UHYROXWH�MRLQWV�

E\�D�ZLUH�WR�JHQHUDWH�WKH�FRRUGLQDWHG�PRWLRQ��:H�SURSRVHG�WKH�PHWKRG�WR�GHULYH�WKH�VKDSH�RI�QRQ�FLUFXODU�
SXOOH\V��ZKLFK�GHFLGHV�WKH�URXWH�WKH�ZLUH��SDVV�WKURXJK��WR�UHDOL]H�WKH�WDUJHW�FRRUGLQDWHG�PRWLRQ�RI�WKH�MRLQWV�
>�@��$Q�H[DPSOH�RI�WKH�DSSOLFDWLRQV�GHVLJQHG�E\�WKH�SURSRVHG�PHWKRG�LV�WKH�OHJ�PHFKDQLVP�RI�WKH�URERW��DV�
VKRZQ�LQ�)LJ�����7KLV� OHJ�PHFKDQLVP�FDQ�PRYH�IRUZDUG�VXSSRUWLQJ�LWV�ZHLJKW�E\�WKH�FRQVWUDLQW�RQ�MRLQWV�
ZLWKRXW�FRQWUROOLQJ�MRLQWV� 
:H�DOVR�KDYH�SURSRVHG�WKH�PHWKRGRORJ\�WR�GHFLGH�WKH�GLVSODFHPHQWV�RI�MRLQWV�DFFRUGLQJ�WR�WKH�WDVN��:H�

SURSRVHG�WKH�RSWLPL]DWLRQ�PHWKRG�WR�GHFLGH�WKH�MRLQW�GLVSODFHPHQWV�RI�D�PDQLSXODWRU�WKDW�UHDOL]HV�WKH�JLYHQ�
WDUJHW�WUDMHFWRU\�RI�LWV�HQG�HIIHFWRU�ZLWK�OHVV�QXPEHU�RI�MRLQWV�>�@��,Q�WKH�SURSRVHG�PHWKRG��WKH�FDOFXODWLRQ�RI�
WKH�HUURUV�EHWZHHQ� WKH� WDUJHW� WUDMHFWRU\�DQG�UHVXOWDQW� WUDMHFWRU\�JHQHUDWHG�E\�GHVLJQ�XVLQJ� WKH�GLIIHUHQWLDO�
LQYHUVH�NLQHPDWLFV�UHDOL]H�WKH�RSWLPL]DWLRQ�ZLWK�VPDOO�FDOFXODWLRQ�FRVW��)LJ����VKRZV�WKH�PDQLSXODWRU��ZKLFK�
ZH�GHVLJQHG�XVLQJ�WKH�SURSRVHG�PHWKRG��FDQ�GUDZ�D�OHWWHU�RQ�DQ�HJJ�VKDSHG�REMHFW��7KLV�PDQLSXODWRU�FDQ�
GUDZ�WKH�WDUJHW�OHWWHU�RQ�WKH�FXUYHG�VKDSH�RQO\�ZLWK�WKUHH�MRLQWV� 

 
 

.H\ZRUGV��URERW�GHVLJQ��RSWLPL]DWLRQ��NLQHPDWLF�V\QWKHVLV��ZLUH��QRQ�FLUFXODU�SXOOH\ 
 
5HIHUHQFHV� 
[1] 6KRXKHL� 6KLUDIXML�� 6KXKHL� ,NHPRWR�� DQG�.RK�+RVRGD�� ³'HVLJQLQJ�1RQ�FLUFXODU� 3XOOH\V� WR�5HDOL]H�

7DUJHW�0RWLRQ�EHWZHHQ�7ZR�-RLQWV�´�,(((�$60(�7UDQVDFWLRQV�RQ�0HFKDWURQLFV��YRO����QR����SS�����
���������� 

[2] 6KRXKHL� 6KLDUDIXML� DQG� -XQ�2WD�� ³.LQHPDWLF� 6\QWKHVLV� RI� D� 6HULDO� 5RERWLF�0DQLSXODWRU� E\�8VLQJ�
*HQHUDOL]HG�'LIIHUHQWLDO�,QYHUVH�.LQHPDWLFV�´�,(((�7UDQVDFWLRQV�RQ�5RERWLFV��YRO����QR����SS������
����������� 

)LJXUH����&RQVWUDLQWV�RI�WKH�MRLQWV�RQ�WKH�URERWLFV�
OHJ�XVLQJ�ZLUHV�DQG�QRQ�FLUFXODU�SXOOH\V� 
 

)LJXUH����0HFKDQLVP�WR�GUDZ�D�OHWWHU�RQ�DQ�HJJ�
VKDSHG�REMHFW�ZLWK�OHVV�QXPEHUV�RI�MRLQWV� 
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3URSRVDO�RI�D�7DVN�$VVLJQPHQW�DQG�0RYHPHQW�3ODQQLQJ�$OJRULWKP 
&RQVLGHULQJ�'\QDPLF�&KDUDFWHULVWLFV�RI�$*9V 

 

7KH�XVH�RI�$XWRPDWHG�*XLGHG�9HKLFOHV��$*9V��LV�H[SDQGLQJ�DJDLQVW�WKH�EDFNGURS�RI�WKH�DXWRPDWLRQ�RI�ORJLVWLFV�

ZDUHKRXVHV�DQG�WKH�LQFUHDVLQJ�IOH[LELOLW\�RI�PDQXIDFWXULQJ�OLQHV��7R�RSHUDWH�D�V\VWHP�FRQVLVWLQJ�RI�PXOWLSOH�$*9V��

LW� LV�QHFHVVDU\�WR�VROYH�WZR�W\SHV�RI�SUREOHPV�� WKH�SUREOHP�RI�DVVLJQLQJ�D�PDWHULDO� WUDQVIHU�UHTXHVW��KHUHLQDIWHU�

UHIHUUHG�WR�DV��WDVN���WR�HDFK�$*9��DQG�WKH�SUREOHP�RI�PRWLRQ�SODQQLQJ�IURP�WKH�LQLWLDO�SRVLWLRQ�RI�HDFK�$*9�WR�LWV�

GHVWLQDWLRQ��,W�LV�LPSRUWDQW�WR�FRPSOHWH�HDFK�WDVN�DV�TXLFNO\�DV�SRVVLEOH�ZKLOH�DYRLGLQJ�FROOLVLRQV�EHWZHHQ�$*9V��

,Q�JHQHUDO��$*9V�UXQ�ZLWK�D�FRQVWDQW�DFFHOHUDWLRQ�GHFHOHUDWLRQ�SDWWHUQ��DQG�LW�LV�QHFHVVDU\�WR�FRQVLGHU�VXFK�$*9�

G\QDPLF�FKDUDFWHULVWLFV�WR�DYRLG�FROOLVLRQV�EHWZHHQ�$*9V�RSHUDWLQJ�LQ�WKH�UHDO�ZRUOG�DQG�WR�GHULYH�WKH�RSWLPDO�

URXWH��+RZHYHU��SUHYLRXV�VWXGLHV�LQ�WKLV�ILHOG�KDYH�QRW�RSWLPL]HG�$*9V�WR�UHIOHFW� WKHLU�G\QDPLF�FKDUDFWHULVWLFV��

7KHUHIRUH��WKH�REMHFWLYH�RI�WKLV�VWXG\�LV�WR�GHVLJQ�DQ�DOJRULWKP�IRU�WDVN�DVVLJQPHQW�DQG�PRWLRQ�SODQQLQJ�WKDW�WDNHV�

LQWR�DFFRXQW�WKH�G\QDPLF�FKDUDFWHULVWLFV�RI�PXOWLSOH�$*9V� 

&RQIOLFW�%DVHG� 6HDUFK� ZLWK� RSWLPDO� 7DVN� $VVLJQPHQW� �&%6�7$�� >�@� E\� +|QLJ� HW� DO�� ZLWK� RSWLPDOLW\� DQG�

FRPSOHWHQHVV�LV�NQRZQ�DV�DQ�DOJRULWKP�IRU�VROYLQJ�WKH�WDVN�DVVLJQPHQW�DQG�PRWLRQ�SODQQLQJ�SUREOHPV��,Q�WKLV�VWXG\��

ZH�SURSRVH�DQ�DOJRULWKP�EDVHG�RQ�WKH�&%6�7$�IUDPHZRUN�WKDW�SHUIRUPV�WDVN�DVVLJQPHQW�DQG�PRWLRQ�SODQQLQJ�XVLQJ�

PXOWLSOH�VHDUFK�WUHHV��7KH�SURSRVHG�DOJRULWKP�KDV�WKH�IROORZLQJ�IHDWXUHV���� 

����2SWLPL]DWLRQ�LV�SHUIRUPHG�EDVHG�RQ�WKH�PRYHPHQW�FRVW�FRQVLGHULQJ�WKH�G\QDPLF�FKDUDFWHULVWLFV�RI�$*9V� 

����&RQVLVWHQW�RSWLPL]DWLRQ�IURP�WDVN�DVVLJQPHQW�WR�WKH�FRPSOHWLRQ�RI�JRRGV�WUDQVSRUWDWLRQ� 

7KH�DERYH�LV�DFKLHYHG�E\�XVLQJ�D�KHXULVWLF�IXQFWLRQ�WKDW�UHIOHFWV�WKH�G\QDPLF�FKDUDFWHULVWLFV�RI�WKH�$*9�WR�FDOFXODWH�

WKH�HVWLPDWHG�FRVW�LQ�WKH�VHDUFK�SURFHVV��DQG�E\�VHTXHQWLDOO\�SHUIRUPLQJ�PRWLRQ�SODQQLQJ�IRU�SLFNLQJ�XS�VXSSOLHV�

DQG�PRWLRQ� SODQQLQJ� IRU� WUDQVSRUWLQJ� WKHP��7R� YHULI\� WKH�HIIHFWLYHQHVV� RI� WKH� SURSRVHG�PHWKRG��ZH� VROYHG� WKH�

SUREOHP�VKRZQ�LQ�)LJ���XVLQJ�ERWK�WKH�FRQYHQWLRQDO�DQG�SURSRVHG�PHWKRGV�DQG�REWDLQHG�WKH�UHVXOWV�VKRZQ�LQ�7DEOH�

���%\�SHUIRUPLQJ�WKH�RSWLPL]DWLRQ�FRQVLVWHQWO\��D�VROXWLRQ�WKDW�WDNHV�LQWR�DFFRXQW�WKH�HIIHFWV�RI�VWDQGE\�PRYHPHQWV�

DQG�WXUQLQJ�ZDV�REWDLQHG�RYHU�WKH�HQWLUH�WLPH�WKH�$*9�LV�LQ�RSHUDWLRQ��,Q�WKH�IXWXUH��ZH�ZLOO�LQYHVWLJDWH�DOJRULWKPV�

WKDW�FDQ�KDQGOH�SUREOHPV�LQ�ZKLFK�WDVNV�DUH�UHSHDWHG�RU�GLVWXUEDQFHV�RFFXU�DORQJ�WKH�ZD\� 

 
[1] +ØQLJ��:���.LHVHO��6���7LQND��$���'XUKDP�� -�:���$\DQLDQ��1���&Rnflict-Based Search with Optimal Task 
Assignment. In Proceedings of the 17th International Conference on Autonomous Agents and Multi-Agent 
Systems (AAMAS). International Foundation for Autonomous Agents and Multiagent Systems, 757765 (2018) 
.H\ZRUGV��0XOWL�$JHQW�3DWK�)LQGLQJ��7DVN�$VVLJQPHQW��0RWLRQ�3ODQQLQJ 

Fig.1 problem-solving 

Table 1 5HVXOWV 
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6NLOO�([WUDFWLRQ�RI�([SHUW�5HILQHU\�3ODQW�,QVSHFWRUV�8VLQJ�9LUWXDO�
5HDOLW\�6\VWHP�  

 
$�GDLO\� SDWURO� LQVSHFWLRQ� LV�FRQGXFWHG� E\� KXPDQ� LQVSHFWRUV� WR� SUHYHQW�D� VHULRXV�DFFLGHQW� IURP�

RFFXUULQJ� LQ� UHILQHU\��7KH\� ZDON� WKURXJK� YDVW� UHILQHU\� DUHD� DQG� WU\� WR� ILQG� GHIHFWV� VXFK� DV� OHDNDJHV� RU�
FRUURVLRQV��DQG�H[SHUW�LQVSHFWRUV�FDQ�ILQG�HYHQ�WKH�VOLJKWHVW�RQH�WKDW�ZRXOG�EH�RYHUORRNHG�E\�LQH[SHULHQFH�
RU� QRYLFH� LQVSHFWRUV� E\� XVLQJ� WKHLU� ULFK� H[SHULHQFHV�� ,Q� WKLV� VWXG\��ZH� GHYHORSHG� WKH� YLUWXDO� UHDOLW\� �95��
V\VWHP�WR�H[WUDFW�WKH�LQVSHFWLRQ�VNLOOV�RI�H[SHUW�KXPDQ�LQVSHFWRUV��3UHYLRXV�VWXGLHV�ZKLFK�DGGUHVVHG�WKH�VNLOO�
H[WUDFWLRQ�RI�LQVSHFWLRQ�WDVN�KDV�PDLQO\�IRFXVHG�RQ�YLVXDO�LQVSHFWLRQ�>�@��DQG�PHDVXUHG�DQG�FRPSDUHG�WKH�
H\H�EHKDYLRU�RI�H[SHUW�LQVSHFWRUV�DQG�QRYLFHV��H�J���>�@���+RZHYHU��LQ�UHILQHU\�SDWURO�LQVSHFWLRQ��LW�LV�GLIILFXOW�
IRU�LQVSHFWRUV�WR�ILW�DOO�WDUJHWV�LQ�WKH�ILHOG�RI�YLHZ�DW�RQFH�GXH�WR�WKH�ODUJH�VL]H�RI�LQVSHFWLRQ�WDUJHW��7KHUHIRUH��
GXH� WR� WKLV� XQLTXH� QDWXUH� RI� WKH� UHILQHU\��PHDVXULQJ� WKH� H\H� EHKDYLRU� DORQH� LV� QRW�D� VXLWDEOH�PDQQHU� IRU�
H[WUDFWLQJ�H[SHUW�VNLOOV�LQ�UHILQHU\�LQVSHFWLRQ�WDVN��  

)URP�WKHVH�EDFNJURXQGV��LQ�WKLV�VWXG\��ZH�GHYHORSHG�WKH�YLUWXDO�UHDOLW\�V\VWHP�ZKLFK�FDQ�PHDVXUH�
ERWK�H\H�EHKDYLRU��JD]H�SRVLWLRQ��DQG�PRWRU�EHKDYLRU��KHDG�SRVLWLRQ��GXULQJ�UHILQHU\�SDWURO�LQVSHFWLRQ�WDVN�
�)LJXUH����>�@��6SHFLILFDOO\��ZH�LQWHJUDWHG�D�SDUW�RI�UHILQHU\�PRGHO�LQWR�WKH�YLUWXDO�HQYLURQPHQW�DQG�VHW�VRPH�
GHIHFWV� RQ� LW� EDVHG� RQ� WKH� DFFLGHQW� FDVHV¶� UHSRUWV��7KH�
LQVSHFWLRQ�EHKDYLRU�IRU�WKH�PRGHO�FDQ�EH�PHDVXUHG�IURP�
ERWK�YLHZSRLQWV�RI�H\H�EHKDYLRU�DQG�PRWRU�EHKDYLRU�E\�
XVLQJ�WKH�H\H�WUDFNHU�LQVLGH�WKH�KHDG�PRXQW�GLVSOD\�DQG�
OLJKWKRXVH�SRVLWLRQ�WUDFNLQJ�V\VWHP� 
 8VLQJ� WKH� 95� V\VWHP� ZH� GHYHORSHG� LQ� WKLV�
VWXG\�� ZH� PHDVXUHG� DQG� FRPSDUHG� WKH� LQVSHFWLRQ�
EHKDYLRU� EHWZHHQ� H[SHUWV� DQG� QRYLFHV��$V� D� UHVXOWV��ZH�
IRXQG�WKDW�H[SHUW�LQVSHFWRUV�WHQG�WR����JD]H�WKH�UHILQHU\�
IURP�D�IDWKHU�GLVWDQFH�����VHW�WKHLU�KHDG�LQ�ORZHU�SRVLWLRQ�
WKDQ� QRYLFHV�� 7KHVH� UHVXOWV� VXJJHVWHG� EHFDXVH� WKH�
LQIRUPDWLRQ� LQVSHFWRUV� JHW� IURP� WKH� WDUJHW� LV� FKDQJHG�
GHSHQGV�RQ�WKH�ERG\�VWDWHV�RI�LQVSHFWRUV�VXFK�DV�GLVWDQFH�
IURP� WKH� WDUJHW� DQG� KHDG� KHLJKW�� KHQFH�� H[SHUW� JHW�
GLIIHUHQW�LQIRUPDWLRQ�IURP�QRYLFHV�GXH�WR�WKH�GLIIHUHQFHV�
LQ� WKHVH� PRWRU� EHKDYLRUV�� DQG� WKLV� PD\� OHDG� WKH�
GLIIHUHQFHV� LQ� GHWHFWLRQ� UDWH� LQ� LQVSHFWLRQ� WDVN�� ,Q� RXU�
IXWXUH�VWXG\��ZH�ZLOO�DGG�RWKHU�NLQGV�RI�LQIRUPDWLRQ�WKDQ�
YLVXDO�VXFK�DV�KDSWLF��ROIDFWRU\�DQG�DXGLWRU\��DQG�DFKLHYH�
WKH� ³PXOWL�PRGDO´� VNLOO� H[WUDFWLRQ� V\VWHP� IRU�
XQGHUVWDQGLQJ�H[SHUW�LQVSHFWLRQ�VNLOO�PRUH�GHHSO\� 

.H\ZRUGV��,QVSHFWLRQ��UHILQHU\��VNLOO�H[WUDFWLRQ��H\H�WUDFNHU 
5HIHUHQFHV� 
[1] 6HH�� -XGL�(��� �9LVXDO� LQVSHFWLRQ��D� UHYLHZ�RI� WKH� OLWHUDWXUH���6DQGLD�5HSRUW�6$1'�����������6DQGLD�

1DWLRQDO�/DERUDWRULHV��$OEXTXHUTXH��1HZ�0H[LFR������� 
[2] ']HQJ��5��-���/LQ��&��7���	�)DQJ��<��&����������8VLQJ�H\H�WUDFNHU�WR�FRPSDUH�VHDUFK�SDWWHUQV�EHWZHHQ�

H[SHULHQFHG�DQG�QRYLFH�ZRUNHUV�IRU�VLWH�KD]DUG�LGHQWLILFDWLRQ��6DIHW\�VFLHQFH������������ 
[3] .XULKDUD��6���7DNDPLGR�5���8PHGD��<���$VDPD��+���.DVDKDUD��6���7DQDND��/���«�	�2WD��-����������6NLOO�

([WUDFWLRQ�RI�([SHUW�5HILQHU\�3ODQW� ,QVSHFWRUV�8VLQJ�9LUWXDO�5HDOLW\�6\VWHP��6SULQJ�0HHWLQJ�RI�WKH�
3UHFLVLRQ�(QJLQHHULQJ�6RFLHW\�������+�����LQ�-DSDQHVH� 

)LJXUH����9LUWXDO�UHDOLW\�V\VWHP�IRU�H[WUDFWLQJ�VNLOOV�RI�H[SHUW�
LQVSHFWRUV 

)LJXUH����5HVXOWV�RI�RXU�H[SHULPHQW��WKH�
GLIIHUHQFHV�EHWZHHQ�H[SHUWV�DQG�QRYLFHV�
LQ��D��GLVWDQFH�IURP�WKH�PRGHO���E��KHDG�
KHLJKW� 
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0RGHOLQJ�RI�0DQXIDFWXULQJ�6\VWHPV�  
IRU�([SHUW�.QRZOHGJH�'HVFULSWLRQ 

 
,Q�UHFHQW�\HDUV��PDQ\�SURGXFWLRQ�V\VWHPV��VXFK�DV�DXWRPDWLF�DVVHPEO\�OLQHV�XVLQJ�URERWV��KDYH�EHFRPH�

PRUH�FRPSOH[�GXH�WR�WKHLU�DXWRPDWLRQ��,Q�VXFK�V\VWHPV��WKH�ZRUNHUV�RQ�WKH�VKRS�IORRU�RIWHQ�FKHFN�WKH�VWDWH�
RI� WKH� SURGXFWLRQ� V\VWHP� DQG� PRGLI\� LW� WR� VROYH� SUREOHPV� VXFK� DV� TXDOLW\� GHJUDGDWLRQ� DQG� SURGXFWLRQ�
LQHIILFLHQF\��DV�ZHOO�DV�WR�LPSURYH�HTXLSPHQW�WR�FRSH�ZLWK�FKDQJHV�LQ�SODQV�EDVHG�RQ�WKHLU�RZQ�H[SHULHQFH��
$V�V\VWHPV�EHFRPH�PRUH�FRPSOH[�DV�GHVFULEHG�DERYH��KRZ�WR�HIILFLHQWO\�SHUIRUP�VXFK�WDVNV�ZLWK�OLPLWHG�
KXPDQ�UHVRXUFHV�ZLOO�EHFRPH�LPSRUWDQW�LQ�WKH�VWDUW�XS�DQG�RSHUDWLRQ�RI�PDQXIDFWXULQJ�V\VWHPV��,Q�RUGHU�WR�
DFKLHYH� WKLV�� LW� LV�QHFHVVDU\� WR�KDYH�D�PHFKDQLVP�WR�DFFXPXODWH� WKH�H[SHULHQFH�DQG�NQRZOHGJH�RI�H[SHUW�
ZRUNHUV�DQG�WR�EH�DEOH�WR�UHIHU�WR�WKH�DFFXPXODWHG�NQRZOHGJH�DV�QHFHVVDU\�DV�WKH�ZD\�WKDW�H[SHUW�ZRUNHUV�
DUH�GRLQJ�LQ�WKH�VKRS�IORRU�WRGD\� 

7KLV�VWXG\�SURSRVHV�D�PHWKRG�RI�GHVFULELQJ�D�PRGHO�RI�D�PDQXIDFWXULQJ�V\VWHP�LQ�WHUPV�RI�LWV�HOHPHQWV�
DQG� WKH�RUGHU� UHODWLRQVKLSV�DPRQJ� WKHP�� ,W� LV�GLIILFXOW� WR�VHSDUDWH� WKH�NQRZOHGJH�RI�SUREOHP�VROYLQJ�DQG�
LPSURYHPHQWV�LQ�PDQXIDFWXULQJ�V\VWHPV�IURP�WKH�VWUXFWXUH�RI�WKH�PDQXIDFWXULQJ�V\VWHP��$OWKRXJK�YDULRXV�
PRGHOV�RI�SURGXFWLRQ�V\VWHPV�KDYH�EHHQ�SURSRVHG��LW�LV�GHVLUDEOH�WR�XVH�D�PRGHO�WKDW�FDQ�HDVLO\�UHIHU�WR�WKH�
VWUXFWXUH�RI� WKH�PDQXIDFWXULQJ� V\VWHP� LQ� UHODWLRQ� WR� WKH�NQRZOHGJH� LQ�RUGHU� WR� GHVFULEH� DQG� UHIHU� WR� WKH�
NQRZOHGJH�RI� WKH�PDQXIDFWXULQJ�V\VWHP��)XUWKHUPRUH�� WKH�NQRZOHGJH�RI�D�SHUVRQ�DERXW�D�PDQXIDFWXULQJ�
V\VWHP� GHSHQGV� RQ� KRZ� WKH� SHUVRQ� SHUFHLYHV� WKH� PDQXIDFWXULQJ� V\VWHP�� DQG� WKH� NQRZOHGJH� RI� WKH�
PDQXIDFWXULQJ�V\VWHP�DEVWUDFWHG�LQ�WKH�PLQG�UHTXLUHV�D�PRGHO�WKDW�PDWFKHV�WKH�OHYHO�RI�WKH�DEVWUDFWLRQ��7KH�
PRGHO�RI�D�PDQXIDFWXULQJ�V\VWHP�SURSRVHG�LQ�WKLV�VWXG\�GHVFULEHV�WKH�UHODWLRQVKLSV�DPRQJ�HOHPHQWV�DV�VLPSOH�
RUGHUHG� UHODWLRQVKLSV��DQG�ZH�SURSRVH�D�PHFKDQLVP� WR�EXLOG� WKLV�PRGHO�EDVHG�RQ� WKH�HVWDEOLVKHG� V\VWHP�
PRGHOLQJ� ODQJXDJH� 6\V0/�� 7KLV� GHVFULSWLRQ� HQDEOHV� WKH� FRQVWUXFWLRQ� RI� D� PRGHO� KLHUDUFKL]HG� E\� WKH�
DIRUHPHQWLRQHG� OHYHO� RI� DEVWUDFWLRQ�ZKLOH� PDLQWDLQLQJ� WKH� VWUXFWXUH� �RUGHUHG� UHODWLRQV�� RI� WKH� GHVFULEHG�
V\VWHP��PDNLQJ�LW�HDV\�WR�WUDFH�WKH�NQRZOHGJH�SRVVHVVHG�E\�H[SHUWV�RQ�WKH�PRGHO�RI�WKH�V\VWHP��:H�FDOO�WKLV�
GHVFULSWLRQ� �V\VWHP� ODWWLFH�� DQG� YHULI\� WKH� SURSRVHG� PHWKRG� E\� GHVFULELQJ� WKH� SURFHVV� RI� DQ� H[SHUW
V�
LGHQWLILFDWLRQ�RI� D� SUREOHP�RFFXUULQJ�RQ� DQ�DFWXDO�PRFN�PDQXIDFWXULQJ� OLQH�RQ� WKH�PRGHO� RI� WKH� V\VWHP�
GHVFULEHG�E\�LWV�V\VWHP�ODWWLFH��GUDZ�WKH�WDUJHW�OHWWHU�RQ�WKH�FXUYHG�VKDSH�RQO\�ZLWK�WKUHH�MRLQWV� 

 

 

.H\ZRUGV��.QRZOHGJH�GHVFULSWLRQ��0DQXIDFWXULQJ�V\VWHP��0RGHOLQJ 
 

)LJXUH����7DUJHW�PRFN�PDQXIDFWXULQJ�OLQHɿ)LJXUH��� 6\VWHP�ODWWLFH�RI�WKH�V\VWHP㸬 
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Sway Analysis of Stroke Patients in Standing Posture 

6WURNH� LV� D�GLVHDVH� LQ�ZKLFK� WKH�EUDLQ
V� IXQFWLRQ� LV� LPSDLUHG�GXH� WR�D� UXSWXUH�RU�EORFNDJH�RI�EORRG�

YHVVHOV� LQ� WKH�EUDLQ��SUHYHQWLQJ�EORRG� IURP�UHDFKLQJ� WKH�EUDLQ�SURSHUO\�� ,W� LV�NQRZQ� WKDW� WKH� VWDQGLQJ�

SRVWXUH�RI�VWURNH�SDWLHQWV�LV�PRUH�XQVWDEOH�WKDQ�WKDW�RI�QRUPDO�VXEMHFWV��DQG�WKH�ULVN�RI�IDOOLQJ�LV�KLJKHU��

$OWKRXJK� WKH� LQIOXHQFH� RQ� VWDQGLQJ� SRVWXUDO� FRQWURO� GLIIHUV� GHSHQGLQJ� RQ� WKH�PHFKDQLVP� DQG� VLWH� RI�

VWURNH�RQVHW�� DQG� WKH�DSSURSULDWH� UHKDELOLWDWLRQ�DQG� WUDLQLQJ�PHWKRGV�PD\�GLIIHU� DFFRUGLQJO\��GHWDLOHG�

DQDO\VLV�KDV�QRW�EHHQ�IXOO\�SHUIRUPHG��:H�ILUVW�IRFXVHG�RQ�SDWLHQWV�ZLWK�FHUHEUDO�LQIDUFWLRQ�DQG�FHUHEUDO�

KHPRUUKDJH�� WKH� WZR�PRVW� FRPPRQ� W\SHV�RI�VWURNH��DQG� LQYHVWLJDWHG� WKH�GLIIHUHQFHV� LQ�SRVWXUDO� VZD\�

EHWZHHQ�WKHP� 

:H�XVHG�WKH�G\QDPLF�WLPH�ZDUSLQJ�PHWKRG�WR�FOXVWHU�WLPH�VHULHV�GDWD�RQ�WKH�VZD\LQJ�RI�VWURNH�SDWLHQWV�

LQ�WKH�VWDQGLQJ�SRVWXUH�>�@��$V�D�UHVXOW��WKH�GDWD�ZHUH�GLYLGHG�LQWR�GLIIHUHQW�FOXVWHUV�PDLQO\�DFFRUGLQJ�WR�

WKH�QXPEHU�RI�GD\V� VLQFH�RQVHW��$PRQJ� WKHP��FHUHEUDO�KHPRUUKDJH�SDWLHQWV�VKRZHG�D�FOHDU� WUDQVLWLRQ�

EHWZHHQ�WKH�QXPEHU�RI�GD\V�VLQFH�RQVHW�DQG�WKH�FOXVWHU��ZKHUHDV�WKH�UHODWLRQVKLS�ZDV�QRW�FOHDU�IRU�VWURNH�

SDWLHQWV��LQGLFDWLQJ�WKDW�WKHUH�PD\�EH�D�GLIIHUHQFH�LQ�UHFRYHU\�ZLWK�WKH�SDVVDJH�RI�GD\V�EHWZHHQ�WKH�WZR�

JURXSV��7KH�SRVVLELOLW\�RI� GLIIHUHQW�SRVWXUHV�GXULQJ� VWDQGLQJ�EHWZHHQ�FHUHEUDO� LQIDUFWLRQ� DQG�FHUHEUDO�

KHPRUUKDJH�SDWLHQWV�KDV�DOVR�EHHQ�LQYHVWLJDWHG�>�@��,Q�WKH�IXWXUH��ZH�ZLOO�DQDO\]H�WKH�ILQGLQJV�RI�WKHVH�

VWXGLHV�LQ�FRQMXQFWLRQ�ZLWK�WKH�FRPSXWDWLRQDO�PRGHOV�ZH�KDYH�FRQVWUXFWHG�WR�FODULI\�WKH�GLIIHUHQFHV�LQ�

SRVWXUDO�FRQWURO�PHFKDQLVPV� 

.H\ZRUGV��3RVWXUDO�FRQWURO��6WURNH��7LPH�VHULHV�FOXVWHULQJ�  
5HIHUHQFHV 
[1] '��/L��.��.DPLQLVKL��5��&KLED��.��7DNDNXVDNL��0��0XNDLQR�DQG�-��2WD��³(YDOXDWLRQ�RI�3RVWXUDO�6ZD\�LQ�

3RVW�VWURNH�3DWLHQWV�E\�'\QDPLF�7LPH�:DUSLQJ�&OXVWHULQJ�´�)URQWLHUV�LQ�+XPDQ�1HXURVFLHQFH��YRO������
������GRL����������IQKXP������������� 

[2] '��/L��.��.DPLQLVKL��5��&KLED��.��7DNDNXVDNL��0��0XNDLQR�DQG�-��2WD��³(YDOXDWLQJ�TXLHW�VWDQGLQJ�SRVWXUH�
RI�SRVW�VWURNH�SDWLHQWV�E\�FODVVLI\LQJ�FHUHEUDO� LQIDUFWLRQ�DQG�FHUHEUDO�KHPRUUKDJH�SDWLHQWV�´�$GYDQFHG�
5RERWLFV��YRO������QR���������SS�����������������GRL�������������������������������� 
 

 
)LJXUH����0DUNHU�SRVLWLRQV�XVHG�LQ�WKH�DQDO\VLV��$�WRWDO�RI����PDUNHU�SRVLWLRQV�ZHUH�UHFRUGHG�IRU�WKH�
OHIW�DQG�ULJKW�VLGHV� 

 
)LJXUH����&RQFHSWXDO�GLDJUDP�RI�WKH�G\QDPLF�WLPH�ZDUSLQJ�PHWKRG�DQG�H[DPSOHV�RI�VLPLODULWLHV�
FDOFXODWHG�ZLWK�DFWXDO�VZD\�GDWD� 
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0RGHOLQJ�+XPDQ�3RVWXUDO�&RQWURO�E\�1HXUDO�&RQWUROOHU 
&RQVLGHULQJ�WKH�9HVWLEXORVSLQDO�7UDFW 

+XPDQV� FRQWURO� WKHLU� SRVWXUH� LQ� WKHLU� GDLO\� OLYHV�� :KHQ� SRVWXUDO� FRQWURO� LV� LPSDLUHG� E\�
QHXURORJLFDO� GLVHDVHV�� WKHLU� OLYHV� DUH� UHVWULFWHG�� ,W� LV� HVVHQWLDO� WR� XQGHUVWDQG� WKH� SRVWXUDO� FRQWURO�
PHFKDQLVP�WR�UHGXFH�WKLV�UHVWULFWLRQ��7KH�QHXUDO�SDWKZD\V�SOD\�LPSRUWDQW�UROHV�LQ�SRVWXUDO�FRQWURO��
7KHVH�QHXUDO�SDWKZD\V�DUH�WKH�UHWLFXORVSLQDO�WUDFW��567��ZKLFK�FRQWUROV�VWLIIQHVV��PXVFOH�WRQH��DQG�
WKH�YHVWLEXORVSLQDO�WUDFW��967��ZKLFK�NHHSV�WKHLU�SRVWXUH�XSULJKW��+RZHYHU��WKH�UROH�RI�WKHVH�QHXUDO�
SDWKZD\V�LQ�KXPDQ�SRVWXUDO�FRQWURO�KDV�QRW�EHHQ�YHULILHG�LQ�GHWDLO��7KHUHIRUH��ZH�DLP�WR�YHULI\�WKH�
PHFKDQLVP� RI� KXPDQ� SRVWXUDO� FRQWURO� E\� FRQVWUXFWLQJ� D� FRPSXWDWLRQDO�PRGHO� IRFXVLQJ� RQ� WKHVH�
QHXUDO�SDWKZD\V��  

:H�FRQVWUXFW�D�FRPSXWDWLRQDO�PRGHO�FRQVLVWLQJ�RI�D�PXVFXORVNHOHWDO�PRGHO�ZLWK����GHJUHHV�RI�
IUHHGRP�DQG����PXVFOHV�DQG�D�QHXUDO�FRQWUROOHU�PRGHO�ZLWK�FRQWUROV�EDVHG�RQ�WKH�967�DQG�567��7KH�
YDOLGLW\�RI�WKH�FRPSXWDWLRQDO�PRGHO�ZDV�YHULILHG�E\�FRPSDULQJ�VLPXODWLRQ�UHVXOWV�WR�H[SHULPHQWDO�
UHVXOWV�ZLWK�KXPDQ�VXEMHFWV��$V�D�UHVXOW��LW�ZDV�YHULILHG�WKDW�FRQWURO�EDVHG�RQ�WKH�967�HQDEOHG�WKH�
PXVFXORVNHOHWDO�PRGHO� WR� VWDQG�ZLWK� ORZHU�PXVFOH� WRQH�� ,Q� WKH� DEVHQFH� RI� YHVWLEXORVSLQDO� WUDFW�
PLPLFNLQJ�FRQWURO��WKH�SRVWXUDO�VZD\�ZDV�ODUJHU��)LJ������7KHVH�UHVXOWV�ZHUH�VLPLODU�WR�WKRVH�REWDLQHG�
LQ�DFWXDO�KXPDQ�H[SHULPHQWV��7KLV�FRQILUPV�WKH�YDOLGLW\�RI�WKH�FRQVWUXFWHG�FRPSXWDWLRQDO�PRGHO�>�@��
%\�XVLQJ�WKLV�FRPSXWDWLRQDO�PRGHO��ZH�DLP�WR�HOXFLGDWH�WKH�PHFKDQLVP�RI�KXPDQ�SRVWXUDO�FRQWURO�� �  
.H\ZRUGV��3RVWXUH�FRQWURO��9HVWLEXORVSLQDO�WUDFW��0XVFOH�WRQH�  
5HIHUHQFHV 
[1] <��2PXUD��.��.DPLQLVKL��5��&KLED��.��7DNDNXVDNL��DQG�-��2WD��³$�1HXUDO�&RQWUROOHU�0RGHO�&RQVLGHULQJ�

WKH�9HVWLEXORVSLQDO�7UDFW� LQ�+XPDQ� 3RVWXUDO� &RQWURO�´� )URQW�� &RPSXW��1HXURVFL��� YRO�� ���� ������ GRL��
��������IQFRP������������� 

 
)LJXUH����&RPSXWDWLRQDO�PRGHO��7KH�PRGHO�FRQVLVWV�RI�IHHGIRUZDUG�FRQWURO�EDVHG�RQ�WKH�
UHWLFXORVSLQDO�WUDFW�DQG�IHHGEDFN�FRQWURO�EDVHG�RQ�WKH�YHVWLEXORVSLQDO�WUDFW��,Q�DGGLWLRQ��WLPH�GHOD\V�
GXH�WR�LQIRUPDWLRQ�WUDQVPLVVLRQ�DQG�PXVFOH�DFWLYLW\�DUH�FRQVLGHUHG� 

)LJXUH����&HQWHU�RI�SUHVVXUH��&23��YHORFLW\��7KH�JUHHQ�EDU�GHQRWHV�&23�YHORFLW\�ZLWKRXW�967��
7KH�RUDQJH�EDU�GHQRWHV�&23�YHORFLW\�ZLWK�967��  
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0RWLRQ�3ODQQLQJ�IRU�*DLW�,QLWLDWLRQ�  
)RFXVLQJ�RQ�$QWLFLSDWRU\�3RVWXUDO�$GMXVWPHQW 

 
,Q� WKH� VXSHU�DJLQJ� VRFLHW\�� LW� LV� EHFRPLQJ� LQFUHDVLQJO\� LPSRUWDQW� WR� VROYH� WKH� SUREOHP� RI� KXPDQ� JDLW�

LQLWLDWLRQ��$Q�DQWLFLSDWRU\�SRVWXUDO�DGMXVWPHQW��LQ�ZKLFK�WKH�SRVLWLRQ�RI�WKH�FHQWHU�RI�SODQWDU�SUHVVXUH��&23��

PRYHV�EDFNZDUG�GXULQJ� WKH� VWDQFH�SKDVH�� KDV�EHHQ�REVHUYHG�GXULQJ�JDLW� LQLWLDWLRQ��$QWLFLSDWRU\�SRVWXUDO�

DGMXVWPHQW�KDV�EHHQ�REVHUYHG�LQ�WKH�HOGHUO\�DQG�3DUNLQVRQ
V�GLVHDVH�SDWLHQWV��ZKLFK�LV�GLIIHUHQW�IURP�WKDW�LQ�

QRUPDO�VXEMHFWV��DQG�LV�FRQVLGHUHG�WR�EH�D�FDXVH�RI�IDOOV��7KHUHIRUH��LW�LV�LPSRUWDQW�WR�XQGHUVWDQG�WKH�DFWLRQ�

SODQ� RI� DQWLFLSDWRU\� SRVWXUDO� DGMXVWPHQW� LQ� WKH� JDLW� LQLWLDWLRQ� LQ� GHWDLO�� EXW� VLQFH� DQWLFLSDWRU\� SRVWXUDO�

DGMXVWPHQW�LV�DQ�XQFRQVFLRXV�PRYHPHQW��LW�LV�QRW�HDV\�WR�LQYHVWLJDWH�ZKHWKHU�RU�QRW�WKH�SDWLHQW�IDOOV�ZLWKRXW�

DQWLFLSDWRU\�SRVWXUDO�DGMXVWPHQW�LQ�WKH�JDLW�LQLWLDWLRQ�E\�D�VXEMHFW�H[SHULPHQW�DSSURDFK��7KLV�KDV�QRW�EHHQ�

YHULILHG��,Q�WKLV�VWXG\��ZH�SURSRVH�D�VLPSOH�PDWKHPDWLFDO�PRGHO�RI�JDLW�LQLWLDWLRQ�DQG�VKRZ�WKDW�DQWLFLSDWRU\�

SRVWXUDO�DGMXVWPHQW�RFFXUV��WKHUHE\�GHHSHQLQJ�RXU�XQGHUVWDQGLQJ�RI�DFWLRQ�SODQQLQJ�IRU�DQWLFLSDWRU\�SRVWXUDO�

DGMXVWPHQW�LQ�JDLW�LQLWLDWLRQ��$�ERG\�PRGHO�FDOOHG�D�PXVFXORVNHOHWDO�PRGHO��ZKLFK�PRGHOV�WKH�KXPDQ�ERG\��

LV�RSHUDWHG�ZLWK�D�VLPSOH�FRQWURO�PRGHO�VXFK�DV�PXVFOH�OHQJWK�IHHGEDFN��0RUH�WKDQ������FRQWURO�SDUDPHWHUV��

VXFK�DV�IHHGEDFN�JDLQV��DUH�DGMXVWHG�E\�RSWLPL]DWLRQ��DQG�WKH�DQWLFLSDWRU\�SRVWXUDO�DGMXVWPHQW�UHVXOWLQJ�IURP�

RSWLPL]DWLRQ�LV�DQDO\]HG��7KH�UHVXOWV�VKRZ�WKDW�WKH�PRGHO�FDQ�UHSURGXFH�WKH�PRYHPHQWV�IURP�VWDQGLQJ�WR�

JDLW�LQLWLDWLRQ�DQG�JDLW��DQG�UHSURGXFHV�WKH�DQWLFLSDWRU\�SRVWXUDO�DGMXVWPHQW�WKDW�WKH�&23�PRYHV�EDFNZDUG��

LQGLFDWLQJ�WKDW�WKH�DQWLFLSDWRU\�SRVWXUDO�DGMXVWPHQW�LV�HIIHFWLYH�IRU�WKH�JDLW�LQLWLDWLRQ��:H�H[SHFW�WKDW�WKHVH�

UHVXOWV�ZLOO�FRQWULEXWH� WR�D�EHWWHU�XQGHUVWDQGLQJ�RI�DQWLFLSDWRU\�SRVWXUDO�DGMXVWPHQW�GXULQJ�JDLW� LQLWLDWLRQ��

ZKLFK�LV�GLIIHUHQW�IURP�WKDW�RI�QRUPDO�VXEMHFWV�LQ�WKH�HOGHUO\�DQG�SHRSOH�ZLWK�3DUNLQVRQ
V�GLVHDVH��DQG�WKH�

UHODWLRQVKLS�EHWZHHQ�DQWLFLSDWRU\�SRVWXUDO�DGMXVWPHQW�GXULQJ�JDLW�LQLWLDWLRQ�DQG�IDOOV� 

 
 
 
 
 
 
 
 
 
 

 
 

.H\ZRUGV��*DLW�LQLWLDWLRQ��0XVFXORVNHOHWDO�PRGHO��)RUZDUG�G\QDPLFV�VLPXODWLRQ��6&21( 

)LJXUH����0XVFXORVNHOHWDO�0RGHO 

ɿ 

 

)LJXUH����&23�DQWHULRU�SRVWHULRU�SRVLWLRQ�DW�WKH�VWDUW�RI�

JDLW�RSHUDWLRQ 

ɿ 
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'HYHORSPHQW�RI�WKH�:HDUDEOH�'HYLFH�IRU�0HDVXULQJ�)LQJHU�-RLQW�$QJOH 
 

7KH�PHDVXUHPHQW�RI�ILQJHU�PRYHPHQWV�XVLQJ�ZHDUDEOH�GHYLFHV�KDYH�WKH�SRWHQWLDO�WR�EH�XVHG�LQ�YDULRXV�
DSSOLFDWLRQV�VXFK�DV�KXPDQ�PDFKLQH�LQWHUIDFH��+0,��DQG�UHKDELOLWDWLRQ��+RZHYHU��ZHDUDEOH�PHDVXUHPHQWV�
XVLQJ�RSWLFDO�ILEHUV�DQG�FRQGXFWLYH�LQNV��ZKLFK�DUH�FXUUHQWO\�WKH�PDLQVWUHDP��KDYH�WKH�IHDWXUH�WKDW�WKH�DQJOH�
RXWSXW�E\�WKH�VHQVRU�GHSHQGV�RQ�WKH�VL]H�DQG�VKDSH�RI�WKH�ILQJHU��7KHUHIRUH��HYHU\�WLPH�WKH�PHDVXUHU�FKDQJHV��
WLPH�FRQVXPLQJ�FDOLEUDWLRQ� LV�QHFHVVDU\� WR�PDWFK� WKH�DFWXDO� MRLQW�DQJOH�ZLWK� WKH�VHQVRU�RXWSXW�� ,Q�FDVH�D�
SHUVRQ�ZLWK� D� KDQG� GLVHDVH� FDQQRW� SHUIRUP� VXIILFLHQW� FDOLEUDWLRQ�� WKH� VHQVLWLYLW\� RI�PHDVXUHPHQW� FDQ� EH�
GHWHULRUDWHG� DQG� WKLV� SUHYHQWV� WKH� PHDVXUHPHQWV� ZLWK� KLJK� SUHFLVLRQ��7KHUHIRUH�� ZH� UHVHDUFK� DLPLQJ� WR�
GHYHORS�D�ZHDUDEOH�GHYLFH�WKDW�FDQ�PHDVXUH�WKH�MRLQWV�DQJOH�RI�ILQJHUV�ZLWKRXW�GHSHQGLQJ�RQ�WKH�GLPHQVLRQ�
RI�WKH�ILQJHU� 

$V�D�PHWKRG�� WKH�MRLQW�DQJOH�FDQ�EH�HVWLPDWHG�E\�RYHUODSSLQJ�WKH�IRXU�WHQGRQV�RQ�WKH�ILQJHU�DW�UHJXODU�
LQWHUYDOV�DQG�PHDVXULQJ�WKH�GLVSODFHPHQW�RI�WKHP��)LJ������%\�XWLOL]LQJ�WKH�GLIIHUHQFH�LQ�WKH�UDGLXV�RI�URWDWLRQ�
WKHP�DW�WKH�MRLQW�SDUW��WKH�MRLQW�DQJOH�FDQ�EH�PHDVXUHG�ZLWKRXW�GHSHQGLQJ�RQ�WKH�GLPHQVLRQ�RI�WKH�ILQJHU��%\�
SLQFKLQJ�OD\HUHG�EHOWV�PDGH�RI�VRIW�SRO\YLQ\O�FKORULGH��39&��EHWZHHQ�WKH�WHQGRQV��WKH\�EHQG�IOH[LEO\�HYHQ�
ZKHQ�WKH�ILQJHUV�KDYH�D�ODUJH�FXUYDWXUH��DQG�WKH�LQWHUYDOV�EHWZHHQ�WKH�WHQGRQV�DUH�NHSW�FRQVWDQW��,Q�RUGHU�WR�
VKRZ�WKH�YDOLGLW\�RI�WKLV�PHWKRG��ZH�GHYHORSHG�D�PRGHO�PLPLQJ�WKH�PRWLRQ�RI�IOH[LRQ�DQG�H[WHQVLRQ�RI�WKH�
ILQJHU�E\�WKH�VHULDO�OLQN�PHFKDQLVP��)LJ������$Q�H[SHULPHQW�ZDV�FRQGXFWHG�E\�SODFLQJ�WHQGRQV�DQG�EHOWV�RQ�
WKH�PRGHO��DQG�LW�VKRZHG�WKDW�WKH�SURSRVHG�PHWKRG�FDQ�PHDVXUH�WKH�MRLQW�DQJOH�ZLWK�VXIILFLHQW�DFFXUDF\��,Q�
WKH�QH[W�ZRUN��ZH�ZLOO�GHYHORS�D�JORYH�W\SH�GHYLFH�ZKLFK�FDQ�PHDVXUH�WKH�ILQJHU�MRLQW�DQJOH�EDVHG�RQ�WKH�
SURSRVHG�PHWKRG�DQG�NQRZOHGJH�REWDLQHG�IURP�WKH�VWXG\�VR�IDU��  

 
 

.H\ZRUGV��GDWD�JORYH��ZHDUDEOH�GHYLFH��ILQJHU�MRLQW�DQJOH 

)LJXUH����7KH�FRQILJXUDWLRQ�RI�WHQGRQV�DQG�EHOWV�RQ�WKH�ILQJHU��)URP�WKH�WLS�RI�WKH�ILQJHU��ILQJHU�MRLQWV�
DUH�FDOOHG�',3�MRLQW��'LVWDO�,QWHUSKDODQJHDO�MRLQW���3,3�MRLQW��3UR[LPDO�,QWHUSKDODQJHDO�MRLQW���DQG�03�
MRLQW��0HWDFDUSRSKDODQJHDO�MRLQW���)URP�VXUIDFH�RI�WKH�ILQJHU��WKH�ILUVW�DQG�VHFRQG�WKUHDGV�DUH�WHQVLRQHG�
IURP�RQ�WKH�QDLO��WKH�WKLUG�WHQGRQ�LV�EHWZHHQ�IURP�WKH�',3�MRLQW�DQG�WKH�3,3�MRLQW��DQG�WKH�IRXUWK�WHQGRQ�
LV�IURP�EHWZHHQ�WKH�3,3�MRLQW�DQG�WKH�03�MRLQW��7KLV�FRQILJXUDWLRQ�HQDEOHV�WR�PHDVXUH�HDFK�MRLQW�DQJOH�
DW�WKH�VDPH�WLPH� 
 

)LJXUH�����/HIW�ILJXUH��$�PRGHO�RI�WKH�ILQJHU�RI�WKH�VHULDO�OLQN�PHFKDQLVP�XVHG�LQ�WKH�H[SHULPHQW��$�
SRWHQWLRPHWHU�ZDV�LQFRUSRUDWHG�LQ�HDFK�MRLQW�WR�PHDVXUH�WKH�JURXQG�WUXWK�RI�WKH�MRLQW�DQJOH���5LJKW�
ILJXUH��7KH�SDVV�RI�WKH�WHQGRQV��(DFK�WHQGRQ�LV�FRQQHFWHG�WR�D�OLQHDU�VOLGHU�YLD�D�UROOHU��7KH�OLQHDU�
VOLGHU�KDV�D�UROH�RI�FRQQHFWLQJ�WKH�WHQGRQ�DQG�WKH�PDJQHWLF�ZLUH��DQG�WKH�GLVSODFHPHQW�RI�WKH�PDJQHWLF�
ZLUH�LV�PHDVXUHG�E\�D�VHQVRU� 
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0HWKRG�WR�(VWLPDWH�WKH�0XVFOH�$FWLYDWLRQ�3DWWHUQ�IURP�05,�DQG�(0* 
 

,Q�WKH�VWXG\�RI�QHXURPXVFXODU�GHJHQHUDWLYH�GLVHDVH�DQG�LQ�WKH�GHYHORSPHQW�RI�UHKDELOLWDWLRQ�WKHUDSLHV�WR�
WUHDW�WKHP��PRQLWRULQJ�WKH�DFWLYLW\�RI�PXVFOHV�LV�FUXFLDO�WR�EHWWHU�XQGHUVWDQG�WKH�QDWXUH�RI�WKH�LPSDLUPHQW�DQG�
WR�KDYH�D�IHHGEDFN�DERXW�WKH�FKDQJHV�RFFXUULQJ�DIWHU�DSSOLHG�WUHDWPHQWV��$V�D�FRQVHTXHQFH�RI�SDWKRORJLFDO�
FRQGLWLRQV�� LW� LV�DOVR�QRW�VR�XQFRPPRQ�WR�REVHUYH�FKDQJHV�RFFXUULQJ� LQ� WKH�SK\VLFDO�VWUXFWXUH�DQG� LQ� WKH�
EHKDYLRU�RI�PXVFOHV�RI�LPSDLUHG�LQGLYLGXDOV��,W�LV��WKHUHIRUH��FUXFLDO�WR�KDYH�D�IXOO�YLVLRQ�WKDW�VLPXOWDQHRXVO\�
HQFORVHV�WKH�XQGHUO\LQJ�PRUSKRORJ\�DQG�WKH�PXVFOH�DFWLYDWLRQ�EHKDYLRU��LQ�RUGHU�WR�KDYH�D�IXOO�XQGHUVWDQGLQJ�
RI�WKH�LPSDLUPHQW�VWDWXV��$W�WKH�VWDWH�RI�WKH�DUW��WKH�JROG�VWDQGDUG�PHWKRG�WR�GHSLFW�PRUSKRORJLFDO�LQIRUPDWLRQ�
LV�0DJQHWLF�5HVRQDQFH�,PDJLQJ��05,���D�GLDJQRVWLF�LPDJLQJ�WHFKQLTXH�WKDW�LV�XVHG�WR�UHSUHVHQW�WKH�DQDWRP\�
DQG�SK\VLRORJLFDO�SURFHVVHV�KDSSHQLQJ�LQ�WKH�ERG\��)RU�WKH�DFTXLVLWLRQ�RI�WLPH�UHODWHG�LQIRUPDWLRQ�DERXW�WKH�
PXVFOH�VWDWH�LQVWHDG��WKH�PRVW�SRSXODU�WHFKQLTXH�LV�HOHFWURP\RJUDSK\�(0*��LV�D�PHGLFDO�VLJQDO�DFTXLVLWLRQ�
WHFKQLTXH�WKDW�UHDG�WKH�SRWHQWLDO�YDULDWLRQ�FDXVHG�E\�FRQWUDFWLQJ�PXVFOHV��6WDWH�RI�WKH�DUW�PHWKRG�XVLQJ�(0*�
DOORZ�WKH�HVWLPDWLRQ�PXVFOH�DFWLYLW\�XS�WR�PRWRU�XQLW�OHYHO��EXW�WKH�HVWLPDWLRQ�RI�GHHS�PXVFOHV�VWLOO�UHPDLQ�D�
FKDOOHQJLQJ�SUREOHP� 
� � 2XU�JURXS�UHFHQWO\�SURSRVHG�D�VROXWLRQ�WR�PHUJH�WKH�PRUSKRORJ\�REWDLQHG�ZLWK�05,�DQG�WKH�G\QDPLF�

LQIRUPDWLRQ�IURP�(0*�WR�SURYLGH�D�GLUHFW�HVWLPDWLRQ�RI�GHHS�DQG�VXSHUILFLDO�PXVFOHV�DFWLYLWLHV��7KH�PHWKRG�
H[SORLWV�WKH�PRUSKRORJLFDO�LQIRUPDWLRQ�FRQWDLQHG�LQ�WKH�05,�VFDQ�WR�EXLOG�DQ�HOHFWULFDO�OXPSHG�PRGHO�RI�WKH�
FRQGXFWLYH�YROXPH�WKDW�LV�WKHQ�VROYHG�DV�DQ�LQYHUVH�SUREOHP�XVLQJ�WKH�V(0*�FROOHFWHG�IURP�ZLWK�D�+LJK�
GHQVLW\�(0*�HOHFWURGHV�ZUDSSHU�DURXQG�WKH�IRUHDUP�� �  
� � :H�EHOLHYH�WKDW�WKLV�PHWKRG�FDQ�EH�D�YDOLG�ZD\�WR�RYHUFRPH�WKH�OLPLWDWLRQV�RI�WKH�VWDWH�RI�WKH�DUW�PHWKRGV��

DOORZLQJ�WKH�HVWLPDWLRQ�RI�PXVFOH�DFWLYDWLRQ�ZLWK�WHPSRUDO�UHVROXWLRQ�RI�(0*��SRWHQWLDOO\�LPSURYLQJ� � WKH�
LQIRUPDWLRQ�TXDOLW\�IRU�FOLQLFLDQV�LQ�WKH�GLDJQRVWLF�SURFHVV��,Q�SDUWLFXODU��ZH�EHOLHYH�WKDW�WKH�SURSRVHG�PHWKRG�
FDQ�PDNH�DQ�LPSRUWDQW�FRQWULEXWLRQ�LQ�WKH�ILHOG�RI�UHKDELOLWDWLRQ�DOORZLQJ�WR�WUDFN�PXVFOH�DFWLYDWLRQ�SDWWHUQ�
RQ�LPSDLUHG�VXEMHFW�GXULQJ�UHKDELOLWDWLYH�F\FOHV� 

 

.H\ZRUGV��1HXURPXVFXODU�FRQWURO��HOHFWURP\RJUDSK\��05,��+'�V(0*��KXPDQ�PDFKLQH�LQWHUIDFH 
 
5HIHUHQFHV� 
[1] 3LRYDQHOOL��(���3LRYHVDQ��'���6KLUDIXML�� 6���	�2WD�� -�� ��������$�6LPSOH�0HWKRG� WR�(VWLPDWH�0XVFOH�

&XUUHQWV�IURP�+'�V(0*�DQG�05,�XVLQJ�(OHFWULFDO�1HWZRUN�DQG�*UDSK�7KHRU\��,Q��������VW�$QQXDO�
,QWHUQDWLRQDO�&RQIHUHQFH�RI� WKH� ,(((�(QJLQHHULQJ� LQ�0HGLFLQH� DQG�%LRORJ\�6RFLHW\� �(0%&�� �SS��
����±������ 

[2] >�@�3LRYDQHOOL��(���3LRYHVDQ��'���6KLUDIXML��6���	�2WD��-����������(VWLPDWLQJ�'HHS�0XVFOHV�$FWLYDWLRQ�
IURP�+LJK�'HQVLW\�6XUIDFH�(0*�XVLQJ�*UDSK�7KHRU\��,Q������,(((���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�
5HKDELOLWDWLRQ�52ERWLFV��,&255���SS���±��� 

[3] >�@� 3LRYDQHOOL�� (��� 3LRYHVDQ��'��� 6KLUDIXML�� 6��� 6X��%���<RVKLPXUD��1���2JDWD��<���	�2WD�� -�� ��������
7RZDUGV� D� VLPSOLILHG� HVWLPDWLRQ�RI�PXVFOH� DFWLYDWLRQ�SDWWHUQ� IURP�05,� DQG�(0*�XVLQJ� HOHFWULFDO�
QHWZRUN�DQG�JUDSK�WKHRU\��6HQVRUV��6ZLW]HUODQG�����������±��� 

)LJXUH����/HIW���([DPSOH�RI�HOHFWULF�FLUFXLW�FRQVWUXFWLRQ�IURP�WKH�PRUSKRORJLFDO�LQIRUPDWLRQ�RI�WKH�05,��
7RS��SRVLWLRQLQJ�RI�WKH�HOHFWURGHV�RQ�WKH�DUP� 
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'HYHORSPHQW�RI�5RERW�3DWLHQWV�6\VWHP�IRU�/HDUQLQJ�:KHHOFKDLU�
7UDQVIHU�6NLOO 

 
2QH� RI� WKH� VHULRXV� SUREOHPV� LQ� FXUUHQW� QXUVLQJ� HGXFDWLRQ� DUHD� LV� WKH� UHGXFWLRQ� RI� VWXGHQW¶V�

H[SHULHQFH�RI�GHDOLQJ�ZLWK�UHDO�SDWLHQWV�GXH�WR�WKH�VDIHW\�PDQDJHPHQW�DQG�HWKLFDO�LVVXHV��2XU�SUHYLRXV�VWXGLHV�
WULHG�WR�VROYH�WKLV�SUREOHP�E\�GHYHORSLQJ�WKH�URERW�SDWLHQW�V\VWHP�IRU�OHDUQLQJ�ZKHHOFKDLU�WUDQVIHU�VNLOO�ZKLFK�
LV� WKH� W\SLFDO� VNLOO� LQ� QXUVLQJ� PRYHPHQW� >�@>�@�� )LJXUH� �� VKRZV� WKH� GHWDLOV� RI� WKH� URERW� SDWLHQW� V\VWHP��
6SHFLILFDOO\��D� IRUFH�VHQVRU�DWWDFKHG� WR� WKH� URERW
V�ZDLVW� FDQ�PHDVXUH�DQG�HYDOXDWH� WKH� IRUFH�DSSOLHG� IURP�
QXUVH��DQG�PRWRUV�VHW�LQ�WKH�DQNOH��NQHH��DQG�KLS�MRLQWV�RI�WKH�URERW�DUH�FRQWUROOHG�DFFRUGLQJ�WR�LW� 

,Q�WKLV�VWXG\��WR�DFKLHYH�WKH�³UHDO�SDWLHQWV�OLNH´�URERW�PRWLRQ��ZH�PHDVXUHG�WKH�PRWLRQ�RI�WKH�SDWLHQW�
DQG� WKH� IRUFH� DSSOLHG� IURP� QXUVHV� LQ�
ZKHHOFKDLU� WUDQVIHU��DQG� LPSOHPHQWHG� WKH�
FRQWURO� WKHRU\� EDVHG� RQ� LW� LQWR� WKH� URERW�
SDWLHQW� >�@�� 6SHFLILFDOO\�� ILUVW�� ZH�
FRQGXFWHG� WKH� H[SHULPHQW� WR�PHDVXUH� WKH�
PRWLRQ� RI� WKH� SDWLHQW� DQG� IRUFH� DSSOLHG�
IURP�WKH�QXUVH�WR�WKH�SDWLHQW�E\�XVLQJ�WKH�
H[SHULPHQWDO� V\VWHP�FRQVLVWLQJ�RI�RSWLFDO�
PRWLRQ�FDSWXUH�FDPHUD�V\VWHP�DQG�D�IRUFH�
SODWH�� 7KHQ�� ZH� FRQVWUXFW� WKH� FRQWURO�
WKHRU\� WR� DFKLHYH� WKH� UHDO� SDWLHQW� OLNH�
PRWLRQ� LQ� WKH� URERW� SDWLHQW�� DQG��
VSHFLILFDOO\��DGPLWWDQFH�FRQWURO�WKHRU\�ZDV�
DGRSWHG� IRU� PRGHOLQJ� WKH� UHODWLRQVKLS�
EHWZHHQ�WKH� IRUFH�DSSOLHG� IURP�QXUVHV� WR�
SDWLHQWV� DQG� SDWLHQWV¶� PRWLRQ� GXULQJ�
ZKHHOFKDLU� WUDQVIHU�PRYHPHQW�� 2ZLQJ� WR�
WKH�QDWXUH�RI�WKH�DGPLWWDQFH�FRQWURO�WKHRU\�
WR�RXWSXW�WKH�SRVLWLRQ�RU�YHORFLW\�EDVHG�RQ�
WKH�IRUFH�DV�WKH�LQSXW��ZH�FDQ�H[SUHVV�WKH�
KXPDQ�OLNH�SDWLHQWV¶�PRWLRQ�VXFK�DV�³IDOOV�
IRUZDUG�ZKHQ�SXOOHG�ZLWK�WRR�ODUJH�IRUFH´�
RU� ³PRYH� VORZO\� ZKHQ� ZHDN� IRUFH� LV�
DSSOLHG´� E\� XVLQJ� LW�� ,W� LV� H[SHFWHG� WKDW�
QXUVLQJ� VWXGHQWV� OHDUQ� WKH� ZD\� RI�
DSSURSULDWH�IRUFH�LQWHUDFWLRQ�ZLWK�SDWLHQWV�
WKURXJK�WKLV�URERW� 

)LQDOO\��ZH�FRQGXFWHG�DQ�H[SHULPHQW�WR�YHULI\�WKH�SDWLHQW�URERW�V\VWHP�ZH�GHYHORSHG�LQ�WKLV�VWXG\��
�)LJXUH� ���� DQG� FRQILUPHG� WKDW� WKH� SDWLHQW� URERW�ZDV�DEOH� WR� GLVFULPLQDWH� EHWZHHQ� VPDOO� DQG� ODUJH� IRUFHV�
DSSOLHG�E\�WKH�QXUVH�DQG�SURYLGH�IHHGEDFN�EDVHG�RQ�LW��H�J���WRR�ODUJH�IRUFH���,Q�WKH�IXWXUH��LW�LV�H[SHFWHG�WKDW�
ZH�FROOHFW�WKH�GDWD�RQ�SDWLHQWV�ZLWK�YDULRXV�V\PSWRPV��DQG�LPSOHPHQW�LW�LQWR�WKH�URERW�µV�FRQWURO�WKHRU\�DQG�
DFKLHYH�WKH�URERW�SDWLHQW�V\VWHP�IRU�OHDUQLQJ�KRZ�WR�LQWHUDFW�ZLWK�SDWLHQWV�ZLWK�YDULRXV�V\PSWRPV� 
 

.H\ZRUGV��URERW�SDWLHQW��PRGHOLQJ�RI�KXPDQ�PRWLRQ��QXUVLQJ�HGXFDWLRQ 
5HIHUHQFHV� 
[1] /LQ��&���2JDWD��7���=KRQJ��=���.DQDL�3DN��0���0DHGD��-���.LWDMLPD��<�������	�2WD��-����������'HYHORSPHQW�

DQG�YDOLGDWLRQ�RI�URERW�SDWLHQW�HTXLSSHG�ZLWK�DQ�LQHUWLDO�PHDVXUHPHQW�XQLW�DQG�DQJXODU�SRVLWLRQ�VHQVRUV�
WR�HYDOXDWH�WUDQVIHU�VNLOOV�RI�QXUVHV��,QWHUQDWLRQDO�-RXUQDO�RI�6RFLDO�5RERWLFV����������������� 

[2] /LQ��&���2JDWD��7���=KRQJ��=���.DQDL�3DN��0���0DHGD��-���.LWDMLPD��<�������	�2WD��-����������'HYHORSPHQW�
RI� URERW� SDWLHQW� ORZHU� OLPEV� WR� UHSURGXFH� WKH� VLW�WR�VWDQG� PRYHPHQW� ZLWK� FRUUHFW� DQG� LQFRUUHFW�
DSSOLFDWLRQV�RI�WUDQVIHU�VNLOOV�E\�QXUVHV��$SSOLHG�6FLHQFHV���������������  

[3] 6X]XNL��'���7DNDPLGR�5���.DQDL�3DN��0���0DHGD�� -���.LWDMLPD��<��� ����	�2WD�� -�� ��������5RERW�SDWLHQW�
V\VWHP� IRU� OHDUQLQJ�ZKHHOFKDLU� WUDQVIHU� VNLOO� IURP� SDWLHQWV¶� VDIHW\� DVSHFWV��3URFHHGLQJV� RI� WKH� ��WK�
1DWLRQDO�&RIHUHQFH�RI�WKH�6RFLHW\�IRU�6HUYLFHRORJ\��$���������LQ�-DSDQHVH�� 

 
 

)LJXUH����'HWDLOV�RI�WKH�URERW�SDWLHQW�V\VWHP 
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Analysis of the Effects of Postural Feedback Training  

on Mental Health 

0DLQWDLQLQJ�PHQWDO�KHDOWK�LV�DQ�LPSRUWDQW�LVVXH�LQ�WRGD\
V�VRFLHW\��([HUFLVHV�VXFK�DV�DHURELF�H[HUFLVH��

VWUHQJWK�WUDLQLQJ��DQG�\RJD�KDYH�EHHQ�VKRZQ�WR�EH�HIIHFWLYH�LQ�PDLQWDLQLQJ�DQG�SURPRWLQJ�PHQWDO�KHDOWK� �
+RZHYHU��QRW�HYHU\RQH�FDQ�HDVLO\�SHUIRUP�VXFK�H[HUFLVHV�LQ�WKHLU�GDLO\�OLYHV�ZLWKRXW�VSHFLDO�HTXLSPHQW�

RU�DELOLWLHV� 

7KHUHIRUH��ZH�IRFXV�RQ�WKH�PDLQWHQDQFH�RI�VWDQGLQJ�SRVWXUH��ZKLFK�LV�RQH�RI�WKH�GDLO\�DFWLYLWLHV��,W�LV�

ZHOO� NQRZQ� WKDW� PHQWDO� KHDOWK� VWDWXV� LV� PDQLIHVWHG� LQ� SRVWXUH� DQG� LWV� VZD\�� DQG� WKH� VHQVH� RI� ERG\�

RZQHUVKLS� IRUPHG�E\� WKH�RUJDQV� WKDW� FRQWULEXWH� WR� WKH�PDLQWHQDQFH�RI� VWDQGLQJ�SRVWXUH� LV� WKRXJKW� WR�

LQWHUDFW�ZLWK�PHQWDO�KHDOWK��:H�DVNHG�\RXQJ�KHDOWK\�SDUWLFLSDQWV�WR�SHUIRUP�SRVWXUDO�IHHGEDFN�WUDLQLQJ�

LQ�ZKLFK�WKH\�VWRRG�RQ�D�IRUFH�SODWH�DQG�NHSW�WKH�SRVLWLRQ�RI�WKH�FHQWHU�RI�IRRW�SUHVVXUH�GLVSOD\HG�RQ�D�

PRQLWRU�ZLWKLQ�WKH�LQGLFDWHG�WDUJHW��$V�D�UHVXOW��WKH�WUDLQLQJ�JURXS�VKRZHG�D�PRUH�UHOD[HG�VWDWH� LQ�WKH�

KHDUW�UDWH� LQGH[�GXULQJ�WKH�FDOFXODWLRQ�WDVN�LPPHGLDWHO\�DIWHU�WKH�WUDLQLQJ��DQG�LPSURYHG�YDOXHV�LQ�WKH�

TXHVWLRQQDLUH�DVVHVVLQJ�GHSUHVVLRQ��DQ[LHW\��HWF��GXULQJ�WKH���ZHHN�WUDLQLQJ�SHULRG��7KHVH�UHVXOWV�LQGLFDWH�
WKDW�SRVWXUDO�IHHGEDFN�WUDLQLQJ�PD\�FRQWULEXWH�WR�WKH�PDLQWHQDQFH�DQG�LPSURYHPHQW�RI�PHQWDO�KHDOWK��,Q�

WKH�IXWXUH��ZH�SODQ�WR�LQFUHDVH�WKH�QXPEHU�RI�SDUWLFLSDQWV�LQ�WKH�H[SHULPHQW�WR�LQYHVWLJDWH�WKH�PHFKDQLVP�

RI�WKH�HIIHFW�RQ�PHQWDO�KHDOWK��DQG�WR�SURSRVH�D�VLPSOHU�WUDLQLQJ�PHWKRG�  

.H\ZRUGV��3RVWXUDO�FRQWURO��0HQWDO�KHDOWK�  
 

 
)LJXUH����$Q�H[DPSOH�RI�SRVWXUDO�IHHGEDFN�WUDLQLQJ��7KUHH�UHJLRQV�DQG�WKH�SRVLWLRQ�RI�WKH�FHQWHU�RI�IRRW�
SUHVVXUH�DUH�GLVSOD\HG�RQ�WKH�PRQLWRU��DQG�WKH�SDUWLFLSDQW�IROORZV�WKH�LQVWUXFWLRQV�WR�NHHS�WKH�SRVLWLRQ�
RI�WKH�FHQWHU�RI�IRRW�SUHVVXUH�ZLWKLQ�HDFK�UHJLRQ�  
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