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Resumo:

The use of portable electronic devices, such as smartphones and tablets, is diffused around the world. 
However, because of the reduced size, the interaction with the human being is difficult, especially the 
data input by typing on virtual keyboards in the screen. We proposed a glove system for capturing 
gestures. This system consists of six accelerometers and six gyroscopes located at the fingertips and over 
the posterior part of the hand, allowing precise detection of movements in threedimensional space. This 
paper describes the development of some applications for the glove system. A series of applications were 
developed, such as the recognition of gesture patterns of sign languages, allowing people with some kind 
of special needs (blind or deaf-mute, for example) to interact efficiently with a computer or smartphone. 
The glove may replace conventional joysticks and mice devices with the advantage of inserting more 
degrees of freedom to the control. We also developed a 3D virtual hand model controlled by the glove. 
The glove is specially suitable for blind or deaf-mute people to interact with a computer or smartphone in 
a more efficient way. The development of applications such as mouse movement, joystick control, key 
recognition and 3D model shows the potential of the glove as an input device. The social impact is clear, 
since the proposed system can mitigate the difficulty of people with physical deficiency in 
communicating.
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7KH XVH RI SRUWDEOH HOHFWURQLF GHYLFHV� VXFK DV VPDUWSKRQHV DQG WDEOHWV� LV GLIIXVHG
DURXQG WKH ZRUOG� +RZHYHU� EHFDXVH RI WKH UHGXFHG VL]H� WKH LQWHUDFWLRQ ZLWK WKH KXPDQ EHLQJ
LV GLIILFXOW� HVSHFLDOO\ WKH GDWD LQSXW E\ W\SLQJ RQ YLUWXDO NH\ERDUGV LQ WKH VFUHHQ� $OVR� LW LV
QHFHVVDU\ WR GHYHORS QHZ LQWHUIDFHV WKDW DOORZ D PRUH DJLOH KXPDQ�FRPSXWHU LQWHUDFWLRQ ZLWK
OHVV HIIRUW WR WKH XVHU�

:H SURSRVHG D JORYH V\VWHP IRU FDSWXULQJ JHVWXUHV� 7KLV V\VWHP FRQVLVWV RI VL[
DFFHOHURPHWHUV DQG VL[ J\URVFRSHV ORFDWHG DW WKH ILQJHUWLSV DQG RYHU WKH SRVWHULRU SDUW RI WKH
KDQG� DOORZLQJ SUHFLVH GHWHFWLRQ RI PRYHPHQWV LQ WKUHH�GLPHQVLRQDO VSDFH� 7KH VHQVRUV DUH
UHDG E\ D PLFURFRQWUROOHU� ZKLFK SURFHVVHV WKH YDOXHV RI OLQHDU DQG DQJXODU DFFHOHUDWLRQ DQG
VHQGV WKH LQIRUPDWLRQ WR WKH ILQDO GHYLFH �D FRPSXWHU� D VPDUWSKRQH RU D WDEOHW�
�520$166,1,� ������

7KLV SDSHU LQWHQGV WR VKRZ VRPH DSSOLFDWLRQV IRU WKH JORYH V\VWHP� 2QH RI WKHP LV WKH
UHFRJQLWLRQ RI PRYHPHQW SDWWHUQV RI VLJQ ODQJXDJHV IRU ZULWLQJ RQ GLJLWDO HTXLSPHQWV� ,W
DOORZV SHRSOH ZLWK VRPH NLQG RI VSHFLDO QHHGV �EOLQG RU GHDI�PXWH� IRU H[DPSOH� WR LQWHUDFW
PRUH HIILFLHQWO\ ZLWK D FRPSXWHU �&+28+$1 HW DO�� ������ $OVR� WKH JORYH PD\ UHSODFH
FRQYHQWLRQDO MR\VWLFNV DQG PLFH GHYLFHV ZLWK WKH DGYDQWDJH RI LQVHUWLQJ PRUH GHJUHHV RI
IUHHGRP WR WKH FRQWURO� $QRWKHU XVHV FDQ DOVR EH FLWHG� VXFK DV YLUWXDO UHDOLW\ LQWHUIDFH� PRWLRQ
GHWHFWLRQ IRU SK\VLRWKHUDS\ H[HUFLVHV� WUDLQLQJ IRU KHDOWK DFDGHPLFV DQG UHPRWH FRQWURO RI
VXUJHULHV� $OVR� WKH JORYH FDQ EH XVHG DV D SODWIRUP IRU WHDFKLQJ DFWLYLWLHV WKURXJK WKH
GHYHORSPHQW RI DSSOLFDWLRQV WKDW FDQ H[SORLW LWV IXQFWLRQDOLWLHV�

� +$5':$5(

)LJXUH � � 'HYHORSHG JORYH IRU FDSWXULQJ JHVWXUHV�

7KH JHVWXUH GHWHFWLRQ JORYH XVHG LQ WKLV ZRUN ZDV GHYHORSHG E\ RXU JURXS DW
81,3$03$� ,W LV FRPSRVHG RI VL[ VHQVRUV� D PLFURFRQWUROOHU� D %OXHWRRWK PRGXOH DQG VRPH
ZLUHV� )LJXUH � GHSLFWV WKH SURWRW\SH RI WKH JHVWXUH FDSWXUH JORYH� +DQG PRYHPHQW GDWD LV
FDSWXUHG E\ VL[ 038 ���� VHQVRUV DUUDQJHG DW HDFK ILQJHUWLS DQG DW WKH GRUVDO DUHD RI WKH
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KDQG� (DFK 038 ���� KDV DQ DFFHOHURPHWHU DQG D J\URVFRSH� SURYLGLQJ OLQHDU DQG DQJXODU
DFFHOHUDWLRQ GDWD RQ WKUHH�D[HV �;� <� =�� ZKLFK DOORZV JRRG SUHFLVLRQ IRU PRWLRQ FDSWXUH
�,19(16(16(� ������

7KH FRQWURO RI WKH JORYH LV SHUIRUPHG E\ WKH 3$03,80 PLFURFRQWUROOHU �(1*52))�
������ ZKLFK LV UHVSRQVLEOH IRU FRQILJXULQJ DQG UHDGLQJ WKH VHQVRU GDWD� %RWK WKH
PLFURFRQWUROOHU DQG WKH FRPPXQLFDWLRQ LQWHUIDFHV DUH LPSOHPHQWHG LQ )3*$� $ %OXHWRRWK
PRGXOH LV XVHG WR WUDQVPLW WKH GDWD UHDG IURP WKH VHQVRUV WR WKH ILQDO GHYLFH �D FRPSXWHU RU D
VPDUWSKRQH�� 7KLV ZLUHOHVV WUDQVPLVVLRQ DOORZV JUHDW PRELOLW\ IRU WKH XVHU� )LJXUH � VKRZV WKH
JHQHUDO VFKHPH RI WKH HQWLUH V\VWHP�

)LJXUH � � *HQHUDO VFKHPH RI WKH HQWLUH V\VWHP RI WKH JHVWXUH FDSWXUH JORYH�

� $33/,&$7,216

:H LPSOHPHQWHG DQ LQWHUIDFH GULYHU IRU UHDGLQJ DQG SURFHVVLQJ GDWD IURP WKH JORYH E\
D FRPSXWHU RU VPDUWSKRQH �ILQDO GHYLFH�� 7KLV LQWHUIDFH UHFHLYHV DFFHOHURPHWHUV DQG
J\URVFRSHV GDWD IURP WKH JORYH WKURXJK %OXHWRRWK SURWRFRO DQG SURFHVVHV WKH LQIRUPDWLRQ
DFFRUGLQJ WR WKH DSSOLFDWLRQ� $ SUH�WUHDWPHQW RI WKH GDWD LV QHFHVVDU\ IRU QRLVH VXSSUHVVLRQ
DQG URWDWLRQ GHWHFWLRQ� :H QRUPDOL]H WKH VHQVRU GDWD WR D UDQJH RI ��� WR ��� IRU WKH
DFFHOHURPHWHUV DQG IURP �� WR �� IRU WKH J\URVFRSHV� 7KH IROORZLQJ VXEVHFWLRQV GHVFULEH WKH
GHYHORSHG DSSOLFDWLRQV IRU WKH LPSOHPHQWHG JORYH�

��� ± *ORYH DV D PRXVH SRLQWHU
$ GLUHFW DSSOLFDWLRQ RI WKH JHVWXUH FDSWXUH JORYH LV WKH FRQWURO RI WKH FXUVRU PRYHPHQW

LQ D FRPSXWHU� ,W LV WKH VLPSOHVW DSSOLFDWLRQ� EXW LW GHPRQVWUDWHV WKH FDSDELOLW\ RI WKH JORYH
LQWHUDFWLQJ ZLWK WKH PDFKLQH� ,Q DGGLWLRQ� LW DOORZV DFFHVV WR DQ\ DSSOLFDWLRQ WKDW KDV WKH
PRXVH DV D FRQWURO GHYLFH� 7KH PRYHPHQW LQ WKH GLUHFWLRQ RI WKH [ DQG \ D[HV RI WKH VFUHHQ
�KDQG LQ WKH KRUL]RQWDO SRVLWLRQ� DOORZV VPRRWK DQG LQWXLWLYH FRQWURO RI WKH PRXVH FXUVRU� 7KH
DFFHOHURPHWHU YDOXHV UHDG IURP VHQVRU QXPEHU �� ORFDWHG DW WKH LQGH[ ILQJHUWLS� DUH FRQYHUWHG
WR FXUVRU RIIVHW DQG WUDQVPLWWHG WR WKH RSHUDWLQJ V\VWHP WKURXJK WKH LQWHUIDFH LPSOHPHQWHG LQ
-DYD SURJUDPLQJ ODQJXDJH�

7KH WUDQVIHU IXQFWLRQ UHODWHV WKH YHORFLW\ RI WKH LQGH[ ILQJHU �LQ DUELWUDU\ XQLW PLFNH\�V�
WR WKH DFWXDO PRXVH VSHHG �LQ SL[HO�V�� ,W LV GLYLGHG LQ IRXU UHJLRQV GHOLPLWHG E\ ILYH SRLQWV� ���
��� ������ ����� ������ ����� ����� ���� ���� ����� 7KH LQFOLQDWLRQ RI WKH ILUVW OLQH VHJPHQW
SURGXFHV D VPDOO SK\VLFDO JDLQ LQ WKH VFUHHQ� DOORZLQJ SUHFLVLRQ PRYHPHQWV DQG WKH DELOLW\ WR
UHDFK HDFK SL[HO RQ WKH VFUHHQ �+$1� ������ ,I WKH LQGH[ ILQJHU PRYHPHQW LV QRW VXIILFLHQW WR
PRYH WKH SRLQWHU RQH SL[HO RQ WKH VFUHHQ� WKLV YDOXH LV VWRUHG DQG DGGHG LQ WKH QH[W FRXQW� 7KH
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JDLQ LV LQFUHDVHG IRU KLJKHU VSHHGV� LQ RUGHU WR DIIRUG D QDWXUDO PRYHPHQW VHQVDWLRQ IRU ODUJH
FXUVRU GLVSODFHPHQW�

0RXVH FOLFN LV LPSOHPHQWHG PRYLQJ WKH LQGH[ ILQJHU GRZQ� :KDW GLIIHUHQWLDWHV WKH
FOLFN PRYHPHQW DQG FXUVRU PRYHPHQW RQ WKH \�D[LV LV WKH SRVLWLRQ RI WKH WKXPE� :KHQ
VWUHWFKHG� LW SHUPLWV PRYHPHQW RI WKH SRLQWHU� :KHQ OHDQLQJ QH[W WR WKH LQGH[ ILQJHU� LW
IUHH]HV WKH SRLQWHU PRYHPHQW DQG WKH FOLFN LV SHUIRUPHG LI WKH LQGH[ ILQJHU PRYHV GRZQ� 7KH
GHWHFWLRQ RI WKH SRVLWLRQ RI WKH WKXPE LV HDVLO\ SHUIRUPHG WKURXJK WKH ]�D[LV YDOXH RI WKH
DFFHOHURPHWHU LQ WKH VHQVRU QXPEHU ��

��� ± 9LUWXDO �' KDQG PRGHO
7KH IXOO JORYH FDSDELOLW\ FDQ EH GHPRQVWUDWHG ZLWK D KDQG �' PRGHO� 7KLV YLUWXDO

PRGHO UHSURGXFHV WKH UHDO KDQG PRYHPHQW E\ PHDQV RI WKH YDOXHV UHDG IURP WKH
DFFHOHURPHWHUV DQG J\URVFRSHV� (DFK ILQJHU PRYHPHQW LV LQGHSHQGHQW IURP WKH RWKHUV� ZKLFK
SURYLGHV D UHDOLVWLF FRQWURO RI WKH �' PRGHO�

7KH �' PRGHO ZDV LPSOHPHQWHG LQ 8QLW\ IUDPHZRUN� ,W LV FRPSRVHG RI ERQHV IRU WKH
DVVHPEOLQJ RI HDFK SDUW RI WKH ILQJHU� )LJXUH � VKRZV WKH ILJXUH RI WKH YLUWXDO PRGHO RI WKH
KDQG� ZKHUH WKH ERQHV DUH LQGLFDWHG LQ ZKLWH�

)LJXUH � � �' KDQG YLUWXDO PRGHO� %RQHV DUH LQGLFDWHG LQ ZKLWH�

7KH ERQHV DUH FRQQHFWHG WR HDFK RWKHU VR WKDW WKH DUWLFXODWLRQV UHSURGXFHV D UHDOLVWLF
KDQG PRYHPHQW� 7KH IL[HG UHIHUHQFH LV ORFDWHG DW WKH ZULVW� 7KLV PRGHO LV D SURWRW\SH IRU DQ\
SURMHFW XVLQJ D �' VSDFH� OLNH YLUWXDO UHDOLW\ JDPHV� VLPXODWLRQV RU UHPRWH FRQWURO� )LJXUH �
VKRZV WKH ILJXUH RI WKH UHQGHUHG YLUWXDO �' KDQG FRQWUROOHG E\ WKH JORYH LQ WKH 8QLW\
IUDPHZRUN�

)LJXUH � � �' KDQG PRGHO LQ 8QLW\ )UDPHZRUN�

8QLW\ LV D YHU\ SRSXODU WRRO IRU EXLOGLQJ JDPHV� ,W PDNHV LW HDVLHU WR ZRUN EHFDXVH
PXFK RI WKH JDPH VFHQDULR LV GRQH E\ GUDJJLQJ DQG GURSSLQJ REMHFWV� ,Q DGGLWLRQ� LW SURYLGHV
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QDWLYH PHWKRGV IRU WKH FRQWURO RI WKH KDQG¶V ERQHV� ZKLFK DOORZV WKH ILQJHUV WR PRYH D JLYHQ
GLVWDQFH ZKLOH NHHSLQJ WKH KDQG LQWHJULW\�

7KH PRYHPHQW RI HDFK ILQJHU LV FDOFXODWHG E\ WKH GLIIHUHQFH EHWZHHQ WKH FXUUHQW DQG
WKH SUHYLRXV YDOXHV UHDG E\ WKH UHODWHG J\URVFRSH� 7KLV GLIIHUHQFH LV DGGHG WR WKH FXUUHQW
SRVLWLRQ RI WKH ERQH DW WKH ILQJHUWLS� (DFK ILQJHU KDV WKUHH SKDODQJHV� H[FHSW IRU WKH WKXPE�
ZKLFK KDV WZR� 7KH SRVLWLRQ RI WKH ERQHV DUH HVWLPDWHG LQ RUGHU WR JLYH WKH LPSUHVVLRQ RI KDQG
FORVLQJ RU RSHQLQJ� 7KLV HVWLPDWLRQ LV PDGH E\ WKH PXOWLSOLFDWLRQ RI WKH ERQH SRVLWLRQ E\ D
FRHIILFLHQW RI WKH FDOFXODWHG J\URVFRSH GLIIHUHQFH� 7KH FRHIILFLHQWV ZHUH GHILQHG DV ��� IRU WKH
GLVWDO� � IRU WKH PLGGOH DQG ��� IRU WKH SUR[LPDO SKDODQJH� 7KH PRYHPHQW RI WKH HQWLUH KDQG LV
FDOFXODWHG DFFRUGLQJ WR WKH YDOXH UHDG IURP WKH DFFHOHURPHWHU ORFDWHG DW VHQVRU � RQ WKH
SRVWHULRU SDUW RI WKH KDQG�

7R FDWFK DQ REMHFW� ZH XVH D FROOLGHU PHWKRG DV D WULJJHU WKDW LV DFWLYDWHG ZKHQ WKH
KDQG LV RSHQ DQG LW FORVHV QHDU WR DQ REMHFW� 7KH REMHFW ORFDO D[HV EHFRPH FKLOG RI WKH KDQG�
WKXV IROORZLQJ WKH KDQG PRYHPHQW� :KHQ WKH KDQG LV RSHQHG� WKH REMHFW D[HV VWRS EHLQJ D
FKLOG� FDXVLQJ WKH KDQG WR UHOHDVH WKH REMHFW�

��� ± 5HFRJQLWLRQ RI /,%5$6 DOSKDEHW
$ VXLWDEOH DSSOLFDWLRQ IRU WKH GHYHORSHG JORYH LV WKH UHFRJQLWLRQ RI OHWWHUV IURP

JHVWXUHV� LQ ZKLFK WKH XVHU PDNHV D FHUWDLQ PRYHPHQW DQG WKH DSSOLFDWLRQ XQGHUVWDQGV LW DV D
NH\ SUHVVHG LQ WKH NH\ERDUG� :H DGRSWHG WKH DOSKDEHW IURP WKH %UD]LOLDQ VLJQ ODQJXDJH
�/,%5$6� �)(/,3(� ������ DV VWDQGDUG IRU WKH JHVWXUH UHFRJQLWLRQ� /,%5$6 LV WKH RIILFLDO
%UD]LOLDQ VLJQ ODQJXDJH DQG LWV XVH LV ZLGHVSUHDG DORQJ WKH FRXQWU\� :LWK WKH FRPELQDWLRQ RI
YDULRXV JHVWXUHV LW LV SRVVLEOH WR VSHOO FRPSOHWH ZRUGV DQG SKUDVHV�

7KH DXWRPDWLF UHFRJQLWLRQ RI WKH JHVWXUHV ZLWK WKH JORYH DQG WKH WUDQVODWLRQ WR D OHWWHU
LQ WKH NH\ERDUG DOORZV WKH W\SLQJ LQ D SRUWDEOH GHYLFH �D VPDUWSKRQH� IRU H[DPSOH� LQ DQ HDV\
DQG LQWXLWLYH ZD\ IRU D EOLQG RU D GHDI�PXWH SHUVRQ�

7KH JHVWXUH UHFRJQLWLRQ LV PDGH E\ WKH XVH RI FODVVLILFDWLRQ DOJRULWKPV� 7KHUH DUH
VHYHUDO DOJRULWKPV IRU WKLV SXUSRVH LQ WKH OLWHUDWXUH� VR LW LV LPSRUWDQW WR PDNH DQ DQDO\VLV RI
FODVVLILFDWLRQ DOJRULWKPV WR GHWHUPLQH WKH PRUH VXLWDEOH IRU WKLV DSSOLFDWLRQ� 7KH WUDLQLQJ RI
WKHVH DOJRULWKPV UHTXLUHV WKH GLYLVLRQ RI GDWD LQWR FODVVHV� 7KH GHVLJQ VSDFH LV GLYLGHG LQ ��
FODVVHV FRUUHVSRQGLQJ WR DOO OHWWHUV RI WKH DOSKDEHW SOXV WKH V\PEROV IRU ³VSDFH´ DQG ³LGOH´�
7KH LQSXW GDWD KDV �� IHDWXUHV� FRPSRVHG RI WKH PHDVXUHPHQWV RI VL[ ��D[HV J\URVFRSHV
SUHYLRXVO\ GHVFULEHG� FDSWXUHG IURP WKH JORYH DW D JLYHQ LQVWDQW�

:H VHOHFWHG VL[ PDFKLQH OHDUQLQJ DOJRULWKPV LQ RUGHU WR HYDOXDWH ZKLFK RQH DGDSWV
EHWWHU WR RXU DSSOLFDWLRQ DQG SURGXFHV WKH EHVW SHUIRUPDQFH LQ WHUPV RI DFFXUDF\ DQG
SUHGLFWLRQ WLPH� 7KH\ DUH WKH IROORZLQJ� 6XSSRUW 9HFWRU 0DFKLQH �690�� .�1HDUHVW
1HLJKERUV �.11�� /LQHDU 'LVFULPLQDQW $QDO\VLV �/'$�� 4XDGUDWLF 'LVFULPLQDQW $QDO\VLV
�4'$�� /RJLVWLF 5HJUHVVLRQ �/5� DQG 5DQGRP )RUHVW �5)� �-$0(6� ������

7KH PHWULFV IRU HYDOXDWLQJ FODVVLILFDWLRQ DOJRULWKP SHUIRUPDQFH DUH SUHFLVLRQ� UHFDOO�
)��VFRUH DQG WKH GHOD\ RI SUHGLFWLRQ� $ SUHGLFWHG FODVV FDQ UHVXOW LQ IRXU FDVHV� WUXH SRVLWLYH
�73�� IDOVH SRVLWLYH �)3�� WUXH QHJDWLYH �71� DQG IDOVH QHJDWLYH �)1�� 7KHVH PHWULFV GHILQH
SUHFLVLRQ �339�� UHFDOO �735� DQG )��VFRUH �)� �32:(56� ������ )RU WKH GHOD\ LW LV
QHFHVVDU\ WKDW WKH DOJRULWKP WDNHV OHVV WKDQ �� PV EHFDXVH WKLV LV WKH VHQVRUV XSGDWH WLPH�

7DEOH � VKRZV WKH FRPSDUDWLYH IRU SUHFLVLRQ� UHFDOO� )��VFRUH DQG SUHGLFWLRQ WLPH IRU
WKH LPSOHPHQWHG DOJRULWKPV� 7KH 690 DQG /'$ UHDFKHG JUHDWHU SUHFLVLRQ ZLWK ��� RI
FRUUHFW SUHGLFWLRQV� :RUVW UHVXOW ZDV REWDLQHG E\ .11� ZLWK ���� &RQVLGHULQJ )��VFRUH DQG
UHFDOO� 690 DQG /'$ SUHVHQWHG DJDLQ WKH EHVW YDOXHV� 690 DFKLHYHG ���� IRU 735 DQG )��
DQG /'$ REWDLQHG ���� IRU ERWK PHWULFV� 7KH KLJK )��VFRUH GHPRQVWUDWHV WKDW IHZ FODVVHV
KDYH WKH KLJK HUURU UDWH DQG WKDW WKH UHPDLQLQJ SUHVHQW ORZ HUURU UDWH� 7KHVH UHVXOWV
GHPRQVWUDWH WKDW DOO KHXULVWLFV FDQ EH XVHG IRU UHDO�WLPH SUHGLFWLRQ RQ WKH WDUJHW JORYH�


