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ZHDUDEOH�FRPSXWHU�WHFKQRORJ\�KDYH�EHHQ�OHDGLQJ�WR�FUHDWLRQ�RI�D�ZLGH�UDQJH�RI�GHYLFHV�ZKLFK�FDQ�EH�
FDUULHG� E\� WKHLU� XVHU� LQ� WKH� SRFNHW� RU� DWWDFKHG� WR� WKHLU� ERG\� LQ� DQ\� RWKHU� ZD\� >�@�� 8VLQJ� ZLUHG�
FRQQHFWLRQV�EHWZHHQ� VXFK�GHYLFHV� LV�RIWHQ�XQGHVLUDEOH�EHFDXVH�RI� WKHLU� LQFRQYHQLHQFH� IRU� D�XVHU��$�
QXPEHU�RI�RWKHU�FRQQHFWLRQ�PHWKRGV�KDYH�EHHQ�SURSRVHG�IRU�WKLV�SXUSRVH��LQFOXGLQJ�VPDUW�WH[WLOHV�DQG�
FRPPXQLFDWLRQ�E\�WKH�FXUUHQWV�LQ�WKH�XVHU
V�ERG\��(DFK�RI�WKHVH�PHWKRGV�KDV�WKHLU�RZQ�DGYDQWDJHV�DQG�
GUDZEDFNV��$PRQJ� WKH� GUDZEDFNV� RI� WKH� VPDUW� FORWKHV�� IRU� H[DPSOH��ZH� FDQ�PHQWLRQ� D� QHHG� IRU� D�
VSHFLDO�JDUPHQW�WR�EH�ZRUQ��ZKLFK�PD\�FRQIOLFW�ZLWK�WKH�XVHU
V�SHUVRQDO�SUHIHUHQFHV��

:LUHOHVV� UDGLR� FRQQHFWLYLW\� LV� DQRWKHU� REYLRXV� RSWLRQ� IRU� FRQQHFWLQJ� ERG\� ZRUQ� GHYLFHV��
6HYHUDO� VWDQGDUGV� IRU� ZLUHOHVV� FRQQHFWLRQV� EHWZHHQ� VXFK� GHYLFHV� KDYH� EHHQ� GHYHORSHG�� LQFOXGLQJ�
%OXHWRRWK��%RG\/$1�DQG�=LJEHH��7KLV� W\SH�RI�FRQQHFWLRQ�FDQ�SURYLGH�JUHDW� OHYHO�RI� IOH[LELOLW\�DQG�
FRPIRUW� WR� WKH� XVHU� DQG� WKHUHIRUH� KDV� UHFHLYHG� D� ORW� RI� DWWHQWLRQ�� (IILFLHQW� GHVLJQ� RI� GHYLFHV� XVLQJ�
ZLUHOHVV� FRQQHFWLRQV� UHTXLUHV� JRRG� XQGHUVWDQGLQJ� RI� WKH� SURSHUWLHV� RI� WKH� SURSDJDWLRQ� FKDQQHO�
LQYROYHG�� 7KHUHIRUH�� D� QXPEHU� RI� SDWK� ORVV�PHDVXUHPHQWV� RI� VHYHUDO� W\SHV� RI� RQ�ERG\� SURSDJDWLRQ�
FKDQQHOV�KDYH�EHHQ�XQGHUWDNHQ��7KH�UHVXOWV�ZLOO�EH�SUHVHQWHG�LQ�WKLV�SDSHU�WRJHWKHU�ZLWK�WKH�HVWLPDWHV�
RI�RWKHU�LPSRUWDQW�SURSDJDWLRQ�FKDQQHO�SDUDPHWHUV��VXFK�DV�GHOD\�VSUHDG�DQG�FRKHUHQFH�EDQGZLGWK��

�
��� 0HDVXUHPHQW�6HWXS�

3URSDJDWLRQ�SDWK�ORVV�RI�DQ�RQ�ERG\�FKDQQHO�ZDV�PHDVXUHG�XVLQJ�D�YHFWRU�QHWZRUN�DQDO\VHU�
�91$��� 7ZR� ����G%L� SDWFK� DQWHQQDV� ZHUH� SRVLWLRQHG� RQ� WKH� ERG\� DW� D� QXPEHU� RI� SRVLWLRQV� DQG�
RULHQWDWLRQV�DQG�FRQQHFWHG� WR� WKH�FDOLEUDWHG�91$�E\� WZR���P�ORQJ�IOH[LEOH�FRD[LDO�FDEOHV��)RU�HDFK�
DQWHQQD�SODFHPHQW�VHWXS��6���UHVSRQVH�ZDV�WKHQ�PHDVXUHG�HYHU\�VHFRQG�ZKLOH�WKH�SHUVRQ�ZHDULQJ�WKH�
DQWHQQDV�DVVXPHG�YDULRXV�ERG\�SRVLWLRQV�FKDQJLQJ�WKHP�HYHU\����V��7KH�SRVLWLRQV�RI�WKH�DQWHQQDV�RQ�
WKH�ERG\�DUH�VKRZQ�LQ�)LJ����DQG�WKH�ERG\�SRVLWLRQV�XVHG�LQ�DOO�WKH�PHDVXUHPHQWV�DUH�OLVWHG�LQ�7DEOH�,��
(DFK�PHDVXUHPHQW�VHW�ZDV�UHSHDWHG�WZLFH��RQFH�LQVLGH�DQ�DQHFKRLF�FKDPEHU�DQG�RQFH�RXWVLGH��LQ�WKH�
ODERUDWRU\��

�
��� 5HVXOWV�DQG�'LVFXVVLRQ�

2Q�ERG\�SURSDJDWLRQ� OLQNV�FDQ�EH�URXJKO\�FDWHJRULVHG�DFFRUGLQJ� WR� WKH�SDUWV�RI� WKH�ERG\�WR�
ZKLFK�WKH�WUDQVPLW�DQG�UHFHLYH�DQWHQQDV�DUH�DWWDFKHG��H�J��WUXQN�WR�WUXQN��WUXQN�WR�KHDG��WUXQN�WR�KDQG�
HWF��&KDUDFWHULVWLFV�RI�WKH�SURSDJDWLRQ�FKDQQHOV�FRUUHVSRQGLQJ�WR�GLIIHUHQW�W\SHV�RI�VXFK�OLQNV�FDQ�EH�
H[SHFWHG� WR� GLIIHU� FRQVLGHUDEO\� GXH� WR� KLJKO\� YDU\LQJ� YDULDELOLW\� RI� WKH� OLQN�� 7KXV�� IRU� H[DPSOH�� D�
WUXQN�WR�OLPE�OLQN�LV�H[SHFWHG�WR�EH�VXEMHFW� WR�VLJQLILFDQW�YDULDWLRQ�GXH�WR�WKH�PRYHPHQW�RI�WKH�OLPE�
ZKLOH�D�WUXQN�WR�WUXQN�OLQN�ZLOO�EH�PRUH�VWDEOH�� �

)LJ����SUHVHQWV�VRPH�RI�WKH�PHDVXUHPHQW�UHVXOWV�IRU�VFHQDULRV�ZKHQ�ERWK�DQWHQQDV�DUH�RQ�WKH�
WUXQN�RI�WKH�ERG\��,Q�DOO�WKH�SUHVHQWHG�PHDVXUHPHQWV�WKH�WUDQVPLW�DQWHQQD�ZDV�SODFHG�RQ�WKH�EHOW�RQ�WKH�
OHIW� IURQW�VLGH�RI� WKH�ERG\��SRVLWLRQ�7[� LQ�)LJ�����DQG�SRODULVHG�HLWKHU�YHUWLFDOO\�RU�KRUL]RQWDOO\��7KH�
UHVXOWV�IRU�WKH�YHUWLFDOO\�RULHQWHG�UHFHLYHU�RQ�WKH�ULJKW�VLGH�RI�WKH�FKHVW��SRVLWLRQ�5[��LQ�)LJ�����DQG�WKH�
WUDQVPLWWHU�YHUWLFDOO\�DQG�KRUL]RQWDOO\�RULHQWHG�DUH�VKRZQ�DV�WKH�VROLG�DQG�GDVKHG�OLQH��UHVSHFWLYHO\��LQ�
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)LJ�����7KH�GRWWHG�OLQH�FRUUHVSRQGV�WR�WKH�UHFHLYHU�RQ�WKH�OHIW�VLGH�RI�WKH�XSSHU�EDFN��5[��LQ�)LJ�����DQG�
ERWK� DQWHQQDV� YHUWLFDOO\� RULHQWHG�� ,Q� WKH� UHVW� RI� WKH� PHDVXUHPHQWV�� WKH� WUDQVPLWWHU� ZDV� DOZD\V�
YHUWLFDOO\�RULHQWHG�RQ�WKH�EHOW�DW�SRVLWLRQ�7[��

7UXQN�WR�KHDG�DQG� WUXQN�WR�KDQG� VFHQDULRV� DUH� UHSUHVHQWHG� LQ�)LJV���� DQG���� UHVSHFWLYHO\�� ,Q�
WKHVH�ILJXUHV��WKH�VROLG�OLQHV�FRUUHVSRQG�WR�WKH�YHUWLFDOO\�RULHQWHG�UHFHLYHU�RQ�WKH�OHIW�VLGH�RI�WKH�KHDG�
�)LJ�����RU�RQ�WKH�OHIW�ZULVW��)LJ������DQG�WKH�GDVKHG�OLQHV��WR�WKH�YHUWLFDOO\�RULHQWHG�UHFHLYHU�RQ�WKH�ULJKW�
VLGH� RI� WKH� KHDG� RU�ZULVW�� 7KH� GRWWHG� OLQH� LQ�)LJ���� UHSUHVHQWV� WKH� FDVH�ZKHQ� WKH� UHFHLYH� DQWHQQD� LV�
KRUL]RQWDOO\� RULHQWHG� RQ� WKH� OHIW� ZULVW�� 7KHVH� UHFHLYHU� SRVLWLRQV� DUH� GHSLFWHG� LQ� )LJ���� DV� SRVLWLRQV�
5[�–5[���$OO�SDWK�JDLQ�YDOXHV�LQ�WKH�SORWV�DUH�OLPLWHG�DW�WKH�ORZHU�HQG�E\�–���G%�OHYHO�FRUUHVSRQGLQJ�
WR�WKH�QRLVH�IORRU��

&RPSDULQJ�WKH�UHVXOWV�WDNHQ�LQ�WKH�DQHFKRLF�FKDPEHU�DQG�LQ�WKH�ODERUDWRU\�VKRZV�D�QRWLFHDEOH�
LQFUHDVH� LQ� VLJQDO� YDULDELOLW\� RXWVLGH� WKH� DQHFKRLF� FKDPEHU� GXH� WR� PXOWLSDWK� IDGLQJ�� 2XWVLGH� WKH�
FKDPEHU��WKH�SURSDJDWLRQ�FKDQQHO�LV�QRW�VWDEOH�HYHQ�ZKHQ�WKH�ERG\�LV�VWLOO��7KLV�LV�FDXVHG�E\�SHRSOH�
PRYLQJ�LQ�WKH�URRP��$V�FDQ�EH�VHHQ�IURP�WKH�LQ�FKDPEHU�PHDVXUHPHQWV��YDULDWLRQV�GXH�WR�EUHDWKLQJ�
DQG�RU� RWKHU� VPDOO� ERG\� PRYHPHQWV� DUH� QR� PRUH� WKDQ� DERXW� ��G%�� ZKLFK� DJUHHV� ZLWK� WKH� UHVXOWV�
UHSRUWHG� LQ� >�@�� 6SUHDG� RI� YDOXHV� GXH� WR� FKDQJLQJ� ERG\� SRVLWLRQV�� RQ� WKH� RWKHU� KDQG�� UHDFKHV� D�
PD[LPXP�RI��������DQG����G%�� UHVSHFWLYHO\�� IRU� WKH� WUXQN�WR�WUXQN�� WUXQN�WR�KHDG�DQG� WUXQN�WR�KDQG�
PHDVXUHPHQWV� LQ� WKH�DQHFKRLF�FKDPEHU��7KH�FRUUHVSRQGLQJ�YDOXHV� IRU� WKH�PHDVXUHPHQWV�RXWVLGH� WKH�
FKDPEHU�DUH��������DQG����G%��UHVSHFWLYHO\��7KH�PLQLPXP�DQG�PD[LPXP�YDOXHV�IRU�WKH�FKDQQHO�SDWK�
JDLQ��3*��DUH�VXPPDULVHG�LQ�7DEOH�,,��

7KH�UHVXOWV�VKRZ�WKDW�WKH�PDMRU�VRXUFH�RI�YDULDELOLW\�LQ�WKH�FKDQQHO�LV�PRYHPHQW�RI�WKH�SDUWV�
RI� WKH� ERG\� WR� ZKLFK� WKH� DQWHQQDV� DUH� DWWDFKHG� UHODWLYH� WR� HDFK� RWKHU�� 7KHVH� PRYHPHQWV� FDXVH�
YDULDWLRQV� RI� WKH� GLVWDQFH� EHWZHHQ� WKH� DQWHQQDV� DV� ZHOO� DV� SRVVLEOH� VKDGRZLQJ� DQG� SRODULVDWLRQ�
GHWXQLQJ��7KH�YDULDELOLW\�LV�HVSHFLDOO\�VHYHUH�ZKHQ�RQH�RI�WKH�DQWHQQDV�LV�SRVLWLRQHG�RQ�D�KDQG��ZKLFK�
LV�KLJKO\�PRELOH��9DULDWLRQV�DUH�IXUWKHU�LQFUHDVH�RXWVLGH�WKH�DQHFKRLF�FKDPEHU�E\�PXOWLSDWK�IDGLQJ��,Q�
PRVW�RI�WKH�PHDVXUHPHQWV��WKH�DYHUDJH�VLJQDO�OHYHO�LV�DOVR�KLJKHU�RXWVLGH�WKH�FKDPEHU�WKDQ�LQVLGH�GXH�
WR�LQFUHDVHG�DPRXQW�RI�VFDWWHUHG�SRZHU�UHDFKLQJ�WKH�UHFHLYHU��

$OWKRXJK�WKH�WLPH�GHOD\V�RI�RQ�ERG\�SURSDJDWLRQ�SDWKV�ZHUH�QRW�PHDVXUHG��WKH\�FDQ�EH�
HVWLPDWHG�IURP�WKH�GLPHQVLRQV�RI�WKH�ERG\��3DWK�OHQJWKV�RQ�WKH�ERG\�FDQQRW�H[FHHG�DSSUR[LPDWHO\�
�–��P��GHSHQGLQJ�RQ�WKH�DQWHQQD�SRVLWLRQV��ZKLFK�OHDGV�WR�D�PD[LPXP�WLPH�GHOD\�RI��–��QV��+RZHYHU��
LW�LV�HYLGHQW�IURP�WKH�PHDVXUHG�SDWK�JDLQV�WKDW�WKH�HQYLURQPHQW�DURXQG�WKH�ERG\�FDQ�VLJQLILFDQWO\�
FRQWULEXWH�WRZDUGV�WKH�UHFHLYHG�VLJQDO��7KHUHIRUH��WKH�SDWKV�VFDWWHUHG�IURP�WKH�VXUURXQGLQJ�REMHFWV�ZLOO�
LQFUHDVH�WKH�GHOD\�VSUHDG��,QVLGH�D�URRP��WKH�VLQJO\�VFDWWHUHG�SDWK�OHQJWKV�DUH�RI�WKH�RUGHU�RI�WZLFH�WKH�
URRP�GLPHQVLRQ��)RU��VD\��D���P�ORQJ�URRP�WKLV�JLYHV�D�URXJK�HVWLPDWH�IRU�WKH�WLPH�GHOD\�RI�τ  ����QV�
FRUUHVSRQGLQJ�WR�WKH�FRKHUHQFH�EDQGZLGWK�%F�≅ ���τ� ����0+]��)RU�D�PRUH�DFFXUDWH�SUHGLFWLRQ�GLUHFW�
PHDVXUHPHQWV�RI�WKH�WLPH�GHOD\�DUH�UHTXLUHG��

�
��� &RQFOXVLRQV�

$� VHW� RI� SDWK� ORVV� PHDVXUHPHQWV� RI� RQ�ERG\� SURSDJDWLRQ� FKDQQHOV� DW� ����*+]� LQVLGH� DQG�
RXWVLGH�DQ�DQHFKRLF�FKDPEHU�KDV�EHHQ�SUHVHQWHG��7KH�FKDQQHO�ZDV�VKRZQ�WR�H[KLELW�KLJK�YDULDELOLW\�
FDXVHG�E\�UHODWLYH�PRYHPHQWV�RI�WKH�ERG\�SDUWV�ZLWK�WKH�DQWHQQDV�RQ�WKHP��7KHUHIRUH��D�ODUJH�QXPEHU�
RI�PHDVXUHPHQWV�RI�DQ�RQ�ERG\�SURSDJDWLRQ�FKDQQHO�LV�QHHGHG�IRU�DSSURSULDWH�FKDUDFWHULVDWLRQ�RI�WKH�
FKDQQHO��0HDVXUHPHQWV�RI�WKH�WLPH�GHOD\�DUH�DOVR�UHTXLUHG�DOWKRXJK�D�YHU\�ODUJH�EDQGZLGWK������0+]�
DQG�DERYH��LV�QHFHVVDU\�WR�UHVROYH�GLIIHUHQW�SURSDJDWLRQ�SDWKV�RQ�WKH�ERG\��

�
��� $FNQRZOHGJHPHQWV�

7KLV�ZRUN�KDV�EHHQ�VXSSRUWHG�E\�DQ�(365&�JUDQW�DQG�E\�WKH�0LQLVWU\�RI�'HIHQFH��8.���
�

��� 5HIHUHQFHV�
>�@� � 6��,��:RROOH\��-��:��&URVV��6��5R��5��)RVWHU��*��5H\QROGV��&��%DEHU��+��%ULVWRZ��DQG�$��6FKZLUW]��

“Forms of wearable computer,” presented at IEE Eurowearable'03, Birmingham��8.��������
[2]  P. S. Hall, M. Ricci, and T. W. Hee, “Characterization of on�body communication channels,” 
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7DEOH�,��%RG\�3RVLWLRQV�

1� 7LPH�6ORW��V�� %RG\�3RVLWLRQ�
�� ��–���� 6WDQGLQJ�XSULJKW�VWLOO�
�� ���–���� 6WDQGLQJ��ERG\�WXUQHG�WR�WKH�OHIW�
�� ���–���� 6WDQGLQJ��ERG\�WXUQHG�WR�WKH�ULJKW�
�� ���–���� 6WDQGLQJ��ERG\�VOLJKWO\�OHDQHG�IRUZDUG�
�� ���–����� 6WDQGLQJ�XSULJKW��KHDG�OHDQHG�IRUZDUG�
�� ����–����� 6WDQGLQJ�XSULJKW��KHDG�WXUQHG�WR�WKH�OHIW�
�� ����–����� 6WDQGLQJ�XSULJKW��KHDG�WXUQHG�WR�WKH�ULJKW�
�� ����–����� 6WDQGLQJ�XSULJKW��DUPV�VWUHWFKHG�RXW�WR�WKH�VLGHV�
�� ����–����� 6WDQGLQJ�XSULJKW��DUPV�DERYH�WKH�KHDG�
��� ����–����� 6WDQGLQJ�XSULJKW��DUPV�UHDFKLQJ�IRUZDUG�
��� ����–����� 6WDQGLQJ�XSULJKW��ORZHU�DUPV�UHDFKLQJ�IRUZDUG�
��� ����–����� 0RYLQJ�DUPV��KHDG�DQG�ERG\�IUHHO\�ZKLOH�VWDQGLQJ�
��� ����–����� 6LWWLQJ�VWLOO�RQ�D�VWRRO��DUPV�KDQJLQJ�DORQJ�WKH�ERG\�
��� ����–����� 6LWWLQJ�VWLOO�RQ�D�VWRRO��KDQGV�LQ�WKH�ODS�
��� ����–����� 0RYLQJ�DUPV��KHDG�DQG�ERG\�IUHHO\�ZKLOH�VLWWLQJ�
��� ����–����� 6WDQGLQJ�XSULJKW�VWLOO�
��� ����–����� :DONLQJ�EDFN�DQG�IRUWK��DUPV�FORVH�WR�WKH�ERG\�
��� ����–����� 0RYLQJ�DUPV��KHDG�DQG�ERG\�IUHHO\�ZKLOH�ZDONLQJ�EDFN�DQG�IRUWK�

�
7DEOH�,,��9DULDELOLW\�RI�2Q�%RG\�3URSDJDWLRQ�&KDQQHOV�

,QVLGH�DQHFKRLF�
FKDPEHU�

2XWVLGH�DQHFKRLF�
FKDPEHU�

�
0HDVXUHPHQW� 0LQ��3*�

�G%��
0D[��3*�
�G%��

0LQ��3*�
�G%��

0D[��3*�
�G%��

5[�RQ�FKHVW��FR�SRO�� ���� ���� ���� ����
5[�RQ�FKHVW��FURVV�SRO�� ���� ���� ���� ����7UXQN�WR�7UXQN�

5[�RQ�EDFN� ���� ���� ���� ����
5[�RQ�WKH�OHIW�VLGH�RI�KHDG� ���� ���� ���� ����

7UXQN�WR�+HDG� 5[�RQ�WKH�ULJKW�VLGH�RI�
KHDG�

���� ���� ���� ����

5[�RQ�OHIW�ZULVW��FR�SRO�� ���� ���� ���� ����
5[�RQ�ULJKW�ZULVW��FR�SRO�� ���� ���� ���� ����7UXQN�WR�+DQG�
5[�RQ�OHIW�ZULVW��FURVV�SRO�� ���� ���� ���� ����

)LJXUH����$QWHQQDV�RQ�D�ERG\�
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