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´7R HQWHU >-DFNVRQ@ 3ROORFN·V VWXGLR LV WR HQWHU DQRWKHU ZRUOG� D SODFH ZKHUH WKH

LQWHQVLW\ RI WKH DUWLVW·V PLQG DQG IHHOLQJV DUH JLYHQ IXOO SOD\�µ

� 5REHUW &RRGQRXJK� $UW 1HZV� 0D\ ����

Abstract
7KH 'HVLJQHU·V 2XWSRVW LV D WDQJLEOH XVHU LQWHUIDFH WKDW FRPELQHV WKH DIIRUGDQFHV RI SDSHU DQG ODUJH

SK\VLFDO ZRUNVSDFHV ZLWK WKH DGYDQWDJHV RI HOHFWURQLF PHGLD WR VXSSRUW LQIRUPDWLRQ GHVLJQ IRU WKH

ZHE� %DVHG RQ DQ HDUOLHU HWKQRJUDSKLF VWXG\� ZH KDYH DQDO\]HG ZHE VLWH GHVLJQ SUDFWLFH DQG

GHYHORSHG D V\VWHP WR VXSSRUW WKH SUDFWLFHV XVHG E\ GHVLJQHUV GXULQJ WKH HDUO\ SKDVHV RI LQIRUPDWLRQ

GHVLJQ�

7KH 2XWSRVW V\VWHP LV LPSOHPHQWHG XVLQJ D GLJLWDO GHVN� D ODUJH ����[���� GLVSOD\ VFUHHQ ZLWK WKH

IRUP IDFWRU DQG VORSH RI DQ DUFKLWHFW·V GUDIWLQJ WDEOH� 'HVLJQHUV LQWHUDFW ZLWK WKH V\VWHP E\ ZULWLQJ RQ

3RVW�,W 1RWHV DQG DUUDQJLQJ WKHP RQ WKH GHVN LQ UHODWHG JURXSV� 7KH V\VWHP WUDFNV WKH GHVLJQHUV·

PDQLSXODWLRQ RI 3RVW�,W 1RWHV WKURXJK GLJLWDO FDPHUDV DQG GLVSOD\V IHHGEDFN DERXW WKH VWUXFWXUHV WKDW

LW LQIHUV� 'HVLJQHUV FDQ DOVR XVH D VSHFLDO SHQ GLUHFWO\ RQ WKH GHVN VXUIDFH WR SHUIRUP RWKHU NLQGV RI

LQWHUDFWLRQV ZLWK WKH V\VWHP� VXFK DV OLQNLQJ FKXQNV RI LQIRUPDWLRQ DQG VSHFLI\LQJ JURXS ODEHOV�

Web Site Design Practice
,Q HDUOLHU ZRUN� RQH RI WKH DXWKRUV FRQGXFWHG DQ HWKQRJUDSKLF VWXG\ LQWR ZHE GHVLJQ� 7KH SXUSRVH RI

WKH VWXG\ ZDV WR OHDUQ DERXW ZHE VLWH GHVLJQ LQ RUGHU WR GHYHORS V\VWHPV WR EHWWHU VXSSRUW GHVLJQ

SUDFWLFH� 7KH VWXG\ FRQVLVWHG RI LQWHUYLHZV ZLWK HOHYHQ SURIHVVLRQDO ZHE VLWH GHVLJQHUV IURP ILYH

GLIIHUHQW FRPSDQLHV� $OO RI WKH GHVLJQHUV H[FHSW RQH ZHUH LQWHUYLHZHG LQ WKHLU ZRUN HQYLURQPHQWV�

7KHVH GHVLJQHUV UHSUHVHQWHG D UDQJH RI GLIIHUHQW H[SHULHQFH OHYHOV� EDFNJURXQGV� DQG SULPDU\

UHVSRQVLELOLWLHV ZLWK UHVSHFW WR ZHE GHVLJQ ZLWKLQ WKHLU RZQ ILUPV� (DFK LQWHUYLHZ FRQVLVWHG RI DVNLQJ

WKH GHVLJQHU WR choose a recent project that was completed or nearly completed, and walk the
interviewer through the entire project, explaining what happened at each phase. The designer was
asked to show examples of artifacts that he or she produced during each phase and explain the meaning
of the document with respect to the process as a whole. At the end of some of the interviews, the
designer was asked to give copies of the documents discussed during the interview to the interviewer
for the interviewer’s reference. In this way, examples of design process artifacts were collected from
four designers.

7KUHH LPSRUWDQW REVHUYDWLRQV ZHUH PDGH GXULQJ WKH FRXUVH RI WKLV VWXG\� )LUVW� GHVLJQHUV FUHDWH PDQ\

GLIIHUHQW UHSUHVHQWDWLRQV RI D ZHE VLWH GXULQJ WKH SURFHVV RI GHVLJQLQJ D ZHE VLWH� 6HFRQG WKH

SURGXFWLRQ DQG XVH RI WKHVH LQWHUPHGLDWH DUWLIDFWV GRPLQDWH WKH GD\�WR�GD\ ZRUN SUDFWLFH GXULQJ PRVW RI

WKH GHVLJQ SURFHVV� 7KLUG� LW ZDV OHDUQHG WKDW ZHE GHVLJQ LV PDGH XS RI VHYHUDO VXE�VSHFLDOWLHV�

LQFOXGLQJ LQIRUPDWLRQ DUFKLWHFWXUH DQG JUDSKLF GHVLJQ� HDFK RI ZKLFK KDV LWV RZQ WRROV� SURGXFWV� DQG

FRQFHUQV�

'HVLJQHUV FUHDWH PDQ\ GLIIHUHQW UHSUHVHQWDWLRQV RI D ZHE VLWH GXULQJ WKH SURFHVV RI GHVLJQLQJ D ZHE

VLWH� 7KLV REVHUYDWLRQ LV VLPLODU WR ZKDW ZDV UHSRUWHG E\ 6XPQHU DQG 6WRO]H LQ WKHLU VWXGLHV RI VSHHFK



2

DSSOLFDWLRQ GHVLJQHUV>6XPQHU��@� ([DPSOHV RI SHUYDVLYH DQG VLJQLILFDQW LQWHUPHGLDWH DUWLIDFWV LQFOXGH

VLWHPDSV� VWRU\ERDUGV� VFKHPDWLFV� DQG PRFNXSV� 7KHVH UHSUHVHQWDWLRQV GHSLFW WKH ZHE VLWH DW YDU\LQJ

OHYHOV RI GHWDLO� IURP VLWH PDSV� ZKLFK GHSLFW VLWHV DV UHODWHG EORFNV RI ODEHOHG LQIRUPDWLRQ WR

PRFNXSV ZKLFK GHSLFW LQGLYLGXDO SDJHV LQ KLJK�ILGHOLW\� VSHFLI\LQJ H[DFW FRORUV� W\SHIDFHV� OD\RXW

HOHPHQWV� DQG JUDSKLFV� %ULHI GHVFULSWLRQV RI WKHVH FRPPRQ UHSUHVHQWDWLRQV DUH JLYHQ LQ )LJXUHV ���

EHORZ�
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Figure 1: Sitemaps are high-level
representations of the entire web
site. Pages or sub-sites are
represented as labeled blocks of
information.

Figure 2: Storyboards are
representations of interaction
sequences. Minimal page-
level detail is shown.

Figure 3: Schematics show
individual pages at a medium level
of detail. They depict the
information on a particular page,
but do not specify in detail how
that information should be
presented.

Figure 4: Mockups are high-fidelity
representations of individual web
pages. They depict exactly how
the page should appear, including
detail about graphics, colors, and
typefaces.
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7KHVH UHSUHVHQWDWLRQV� DQG WKH LQWHUPHGLDWH DUWLIDFWV WKDW HPERG\ WKHP� DUH H[WUHPHO\ LPSRUWDQW WR

WKH GHVLJQ SURFHVV� 7KH\ SURYLGH VWUXFWXUH WR WKH GHVLJQ SURFHVV E\ DUWLFXODWLQJ D VHW RI VKRUW�WHUP

JRDOV� WKH VDWLVIDFWLRQ RI ZKLFK GULYHV GD\�WR�GD\ GHVLJQ ZRUN� 7KHVH DUWLIDFWV DOVR VWUXFWXUH WKH

FRPPXQLFDWLRQ WKDW WDNHV SODFH WKURXJKRXW WKH GHVLJQ SURFHVV� 7KH\ DUH XVHG WR FRPPXQLFDWH ZLWK

FOLHQWV� GHYHORSHUV �WKH SHRSOH ZKR ZLOO UHDOL]H WKH GHVLJQ DV D ILQLVKHG ZHE VLWH�� DQG ZLWK RWKHU

GHVLJQHUV� 7KH\ DUH DOVR XVHG E\ GHVLJQHUV WR LPSURYH WKHLU RZQ XQGHUVWDQGLQJ DQG LGHDV� LQ RWKHU

ZRUGV� WR FRPPXQLFDWH ZLWK WKHPVHOYHV�

)LQDOO\� D GLYLVLRQ RI ODERU H[LVWV ZLWKLQ WKH ILHOG RI ZHE GHVLJQ� DQG QRW MXVW DORQJ WKH PRUH REYLRXV

OLQHV RI GHVLJQHU�FOLHQW� GHVLJQHU�GHYHORSHU RU GHVLJQHU�SURMHFW PDQDJHU� :LWKLQ WKH VFRSH RI ´GHVLJQµ

LWVHOI� WKHUH H[LVW UROHV VXFK DV ´LQIRUPDWLRQ DUFKLWHFWµ DQG ´JUDSKLF GHVLJQHU�µ ,Q VRPH ILUPV� WKHVH

UROHV DUH GLYLGHG DPRQJ PXOWLSOH SUDFWLWLRQHUV� ZKHUHDV GHVLJQHUV DW RWKHU ILUPV WDNH RQ WKHVH UROHV DW

GLIIHUHQW MXQFWXUHV LQ WKH FRXUVH RI D GHVLJQ SURMHFW� (YHQ LQ WKH ODWWHU FDVH� ZKHUH LQGLYLGXDO

GHVLJQHUV WDNH RQ PXOWLSOH UROHV WKURXJKRXW D SURMHFW� WKH H[LVWHQFH RI GLIIHUHQW UROHV ZLWK GLIIHUHQW

FRQFHUQV LV FRQVFLRXVO\ GLVFXVVHG� DQG LW LV FOHDU WR WKHVH GHVLJQHUV �DW OHDVW LQ UHWURVSHFW� ZKHQ WKH\

DUH SHUIRUPLQJ WKH GLIIHUHQW UROHV�

2QH RI RXU JHQHUDO UHVHDUFK LQWHUHVWV LV LQ VXSSRUWLQJ LQIRUPDO LQWHUDFWLRQV VXFK DV WKRVH RIWHQ

HPSOR\HG E\ GHVLJQHUV GXULQJ HDUO\ SKDVHV RI GHVLJQ� ZKHQ WKH IRFXV LV RQ KLJK�OHYHO VWUXFWXUH DQG

WKH VSDFH RI GHVLJQ SRVVLELOLWLHV LV EHLQJ H[SORUHG� ,Q NHHSLQJ ZLWK WKLV LQWHUHVW� ZH KDYH IRFXVHG RXU

DWWHQWLRQ RQ WKH DUWLIDFWV DQG ZRUN UROHV WKDW IRFXV RQ KLJK�OHYHO UHSUHVHQWDWLRQV� 7KHVH DUWLIDFWV DQG

UROHV ZHUH REVHUYHG WR EH PRVW FHQWUDO WR GHVLJQ DFWLYLW\ GXULQJ WKH HDUO\ SKDVHV RI WKH GHVLJQ

SURFHVV� $V ZDV PHQWLRQHG HDUOLHU� WKH SXUSRVH RI WKH LQYHVWLJDWLRQ LQWR ZHE VLWH GHVLJQ ZDV WR JXLGH

WKH GHYHORSPHQW RI V\VWHPV WR EHWWHU VXSSRUW ZHE GHVLJQ� 2QH VXFK V\VWHP� FDOOHG '(1,0� KDV

DOUHDG\ EHHQ EXLOW DQG LV GHVFULEHG LQ >/LQ��@� ,Q WKH UHPDLQGHU RI WKLV SDSHU� ZH GHVFULEH D V\VWHP

FDOOHG 2XWSRVW WKDW LV FXUUHQWO\ XQGHU GHYHORSPHQW� 2XWSRVW DOVR VXSSRUWV ZHE VLWH GHVLJQ E\

IRFXVLQJ RQ VSHFLILF SUDFWLFHV HPSOR\HG E\ FHUWDLQ GHVLJQHUV ZKHQ SHUIRUPLQJ HDUO\�SKDVH

LQIRUPDWLRQ GHVLJQ�

Information Design Using Post-It Notes
2XWSRVW LV PRWLYDWHG E\ RQH VSHFLILF GHVLJQ SUDFWLFH WKDW ZDV REVHUYHG GXULQJ WKH HWKQRJUDSKLF VWXG\

GLVFXVVHG DERYH� 7KLV SUDFWLFH FRQVLVWV RI DUUDQJLQJ 3RVW�,W 1RWHV RQ D ODUJH VXUIDFH VXFK DV D ZDOO�

WDEOH� RU GHVN LQ RUGHU WR H[SORUH WKH LQIRUPDWLRQ VWUXFWXUH RI D ZHE VLWH� 'HVLJQHUV ZULWH FKXQNV RI

LQIRUPDWLRQ RQ 3RVW�,W 1RWHV DQG VWLFN WKHP WR WKH ZDOO� 7KH\ WKHQ PRYH WKH QRWHV LQWR VSDWLDOO\

SUR[LPDWH JURXSV UHSUHVHQWLQJ FDWHJRULHV RI UHODWHG LQIRUPDWLRQ� *URXSV WKXV FRQVWUXFWHG DUH ODEHOHG

DQG IXUWKHU JURXSHG LQWR KLHUDUFKLHV RI ODEHOHG JURXS� 7KH VWUXFWXUH RI KLHUDUFKLFDO JURXSV LV WKHQ

XVHG DV D EDVHOLQH IRU WKH VWUXFWXUH RI WKH ZHE VLWH�

$ YHUVLRQ RI WKLV SUDFWLFH LV GHVFULEHG E\ %H\HU DQG +ROW]EODWW LQ WKHLU ERRN &RQWH[WXDO 'HVLJQ

>%H\HU��@� 7KH\ FDOO WKH WHFKQLTXH ´$IILQLW\ 'LDJUDPPLQJµ DQG VSHFLI\ FHUWDLQ GHWDLOV VXFK DV WKH

FRORUV WKDW JURXS ODEHOV VKRXOG EH �EOXH IRU ILUVW�OHYHO JURXSV� SLQN IRU VHFRQG�OHYHO JURXSV� DQG JUHHQ

IRU WKH KLJKHVW OHYHO JURXSV� DOVR FDOOHG ´DUHDV RI FRQFHUQµ�� -DNRE 1LHOVHQ DOVR DGYRFDWHV D YHUVLRQ RI

WKLV PHWKRG XVLQJ LQGH[ FDUGV WR GHVLJQ KLHUDUFK\ >1LHOVHQ��@�

7KH ODUJH ZRUNVSDFH XVHG E\ WKLV ZRUN SUDFWLFH SURYLGHV VHYHUDO FOHDU DGYDQWDJHV ZLWK UHVSHFW WR WKH

WDVN� )RU RQH� WKH ODUJH VSDFH SHUPLWV WKH UHSUHVHQWDWLRQ RI ODUJH� FRPSOH[ LQIRUPDWLRQ VSDFH ZLWKRXW

WKH ORVV RI FRQWH[WXDO� SHULSKHUDO LQIRUPDWLRQ WKDW ZRXOG DFFRPSDQ\ D PDSSLQJ WKH LQIRUPDWLRQ
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VSDFH RQWR D FRQYHQWLRQDO JUDSKLFDO XVHU LQWHUIDFH� 6XFK DQ LQWHUIDFH ZRXOG OLNHO\ PDS WKH

LQIRUPDWLRQ VSDFH WR D YLUWXDO VSDFH ZLWK VRPH VPDOO SRUWLRQ YLVLEOH RQ WKH PRQLWRU DW DQ\ JLYHQ WLPH�

7KH ODUJH SK\VLFDO VSDFH DOVR SURYLGHV DQ LPPHUVLYH HQYLURQPHQW LQ ZKLFK WKH GHVLJQHU FDQ PRYH

DURXQG WKH LQIRUPDWLRQ VSDFH� &ROODERUDWLRQ LV DLGHG ERWK E\ WKH SHUVLVWHQFH RI WKH DUWLIDFW� ZKLFK

VXSSRUWV DV\QFKURQRXV FROODERUDWLRQ DQG FRQVWDQW DZDUHQHVV RI WKH VWDWH RI WKH SURMHFW� DV ZHOO DV E\

WKH JUHDWHU�WKDQ�KXPDQ�VL]HG VSDFH ZKLFK DOORZV PXOWLSOH SHRSOH WR VLPXOWDQHRXVO\ YLHZ� GLVFXVV� DQG

PRGLI\ WKH DUWLIDFW� )LQDOO\� WKH FUHDWLRQ DQG H[SORUDWLRQ RI WKH LQIRUPDWLRQ PRGHOV XVHV FKHDS�

UHDGLO\ DYDLODEOH PDWHULDOV �3RVW�,W 1RWHV� ZDOOV� SHQV� DQG UHTXLUHV YHU\ OLWWOH LQYHVWPHQW LQ WLPH DQG

HIIRUW WR PDNH XVH RI WKH WRROV�

%\ GLJLWDOO\ HQKDQFLQJ D SK\VLFDO ZRUNVSDFH LQ ZKLFK GHVLJQHUV FDQ FDUU\ RXW WKH LQIRUPDWLRQ GHVLJQ

SUDFWLFH GHVFULEHG DERYH� ZH KRSH WR RYHUFRPH VRPH RI WKH GUDZEDFNV RI WKH VWULFWO\ SDSHU�DQG�SHQ

DSSURDFK� (OHFWURQLF PHGLD DUH HDV\ WR UHSOLFDWH DQG GLVWULEXWH� 7KH LPPHUVLYH� SHUVLVWHQW DVSHFW RI

WKH LQIRUPDWLRQ UHSUHVHQWDWLRQ LV DGYDQWDJHRXV WR GHVLJQ WHDP PHPEHUV ZKR DUH IRUWXQDWH HQRXJK WR

EH FROORFDWHG ZLWK HDFK RWKHU DQG ZLWK WKH VSDFH ZKHUH WKH UHSUHVHQWDWLRQ LV PDLQWDLQHG� 7KRVH ZKR

DUH GLVWDQW IURP WKH VSDFH� ZKHWKHU SHUPDQHQWO\ RU WHPSRUDULO\� KDYH QR DFFHVV WR WKH UHSUHVHQWDWLRQ�

$ FRPSXWHUL]HG UHSUHVHQWDWLRQ LV PXFK HDVLHU WR H[SRUW IRU YLHZLQJ DW UHPRWH ORFDWLRQV�

8VLQJ DQ HQKDQFHG GLVSOD\ DV WKH EDFNJURXQG VXUIDFH IRU WKH LQIRUPDWLRQ VSDFH UHSUHVHQWDWLRQ DOORZV

WKH SRVVLELOLW\ RI DGGLWLRQDO IHHGEDFN DQG LQWHUDFWLYLW\ ZLWK WKH UHSUHVHQWDWLRQV� 0DNLQJ WKH VXUIDFH

LWVHOI LQWHUDFWLYH DOORZV WKH SRVVLELOLW\ RI DGGLWLRQDO H[SUHVVLYH FDSDELOLWLHV� VXFK DV WKH DELOLW\ WR GUDZ

RU PDNH PHDQLQJIXO JHVWXUHV GLUHFWO\ RQ WKH VXUIDFH� )LQDOO\� VSDFH LV DW D SUHPLXP LQ PDQ\

RUJDQL]DWLRQV� DQG LW LV RIWHQ QRW SRVVLEOH WR SHUPDQHQWO\ GHGLFDWH D VLJQLILFDQW DPRXQW RI SK\VLFDO

VSDFH WR D VSHFLILF SURMHFW� &DSWXULQJ LQIRUPDWLRQ VSDFH UHSUHVHQWDWLRQV LQWR D GLJLWDO IRUPDW DOORZV

WHPSRUDU\ FRQILJXUDWLRQV WR EH PDGH SHUVLVWHQW DQG UHPDLQ LQWHUDFWLYH DIWHU WKH SK\VLFDO VSDFH LV QR

ORQJHU DYDLODEOH WR PDLQWDLQ WKH UHSUHVHQWDWLRQ� )XUWKHUPRUH� WKLV SHUVLVWHQFH FDQ EH DFKLHYHG ZLWK QR

QHHG IRU VRPHRQH WR PDQXDOO\ WUDQVODWH WKH SK\VLFDO UHSUHVHQWDWLRQ WR D GLJLWDO RQH�

Figure 5: A designer sitting in front of a Post-It Note covered wall. Post-It Notes represent

chunks of information and are arranged spatially into groups of related information. (from
Contextual Design, Holtzblatt and Beyer)

The Outpost Solution
7KH JRDO RI WKH 'HVLJQHU·V 2XWSRVW LV WR SURYLGH D WDQJLEOH XVHU LQWHUIDFH WKDW FRPELQHV WKH

DIIRUGDQFHV RI SDSHU DQG ODUJH SK\VLFDO ZRUNVSDFHV ZLWK WKH DGYDQWDJHV RI HOHFWURQLF PHGLD WR

VXSSRUW LQIRUPDWLRQ GHVLJQ IRU WKH ZHE� ,Q SDUWLFXODU� LW LV GHVLJQHG WR VXSSRUW WKH SUDFWLFH GHVFULEHG

LQ WKH SUHYLRXV VHFWLRQ�
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7KH FXUUHQW LPSOHPHQWDWLRQ RI WKH 'HVLJQHU·V 2XWSRVW LV GHVLJQHG WR UXQ RQ D GLJLWDOO\ HQKDQFHG

GUDIWLQJ WDEOH�OLNH VXUIDFH �UHIHUUHG WR DV WKH ´GHVNµ IURP QRZ RQ�� 7KH XVHU LQWHUDFWV ZLWK WKH V\VWHP

E\ ZULWLQJ RQ 3RVW�,W 1RWHV DQG DUUDQJLQJ WKHP RQ WKH GHVN LQ UHODWHG JURXSV� 7KH XVHU FDQ DOVR XVH D

VSHFLDO SHQ GLUHFWO\ RQ WKH GHVN VXUIDFH WR SHUIRUP RWKHU NLQGV RI LQWHUDFWLRQV ZLWK WKH V\VWHP� VXFK

DV OLQNLQJ FKXQNV DQG VSHFLI\LQJ JURXS ODEHOV�

7KH EDVLF RSHUDWLRQV VXSSRUWHG E\ 2XWSRVW DUH ZULWLQJ� JURXSLQJ� ODEHOLQJ� DQG OLQNLQJ� &UHDWLQJ

KLHUDUFKLFDO JURXSV LV DOVR VXSSRUWHG� ,QN LV ZULWWHQ RQ 3RVW�,W 1RWHV XVLQJ D &URVV L3HQ WDEOHW DQG D

FRPSDWLEOH LQNLQJ &URVV SHQ� 7KH 3RVW�,W 1RWHV DUH WKHQ WUDQVIHUUHG WR WKH GHVN VXUIDFH ZKHUH WKH\

FDQ EH JURXSHG� 7KH V\VWHP DVVXPHV WKDW LQIRUPDWLRQ FKXQNV �UHSUHVHQWHG DV 3RVW�,WV� WKDW DUH QHDU

HDFK RWKHU DUH PHDQW WR EH LQ WKH VDPH JURXS� 9LVXDO IHHGEDFN LV SURYLGHG WR LQGLFDWH WKH V\VWHP·V

LQWHUSUHWDWLRQ RI WKH JURXS ERXQGDULHV DQG WR HQKDQFH WKH VHQVH RI JURXS FRKHVLRQ�

2QH 3RVW�,W 1RWH IURP D JURXS FDQ EH VHOHFWHG DV WKH ODEHO IRU WKDW JURXS� :H LQWHQG WR XVH WKH GHVN

SHQ IRU VSHFLI\LQJ WKH JURXS ODEHO� HLWKHU WKURXJK D JHVWXUH PDGH RQ RU QHDU WKH WDUJHW 3RVW�,W 1RWH�

RU WKURXJK D FRQWH[WXDO PHQX WKDW FDQ EH DFWLYDWHG E\ WKH SHQ LQ WKH YLFLQLW\ RI WKH WDUJHW� 2WKHU

DSSURDFKHV WKDW ZH FRQVLGHUHG LQFOXGHG VSHFLDO PDUNV PDGH RQ WKH 3RVW�,W 1RWH DQG WKH XVH RI

GLIIHUHQW 3RVW�,W 1RWHV IRU ODEHOV� %RWK RI WKHVH VROXWLRQV ZHUH GLVFDUGHG� KRZHYHU� EHFDXVH ZH GLG

QRW ZLVK WR FRQVWUDLQ WKH XVHU WR KDYH WR GHFLGH EHIRUH DGGLQJ D 3RVW�,W WR WKH GHVN ZKHWKHU RU QRW

WKDW 3RVW�,W VKRXOG VHUYH DV D JURXS ODEHO� /DEHOV DUH GLVSOD\HG E\ WKH V\VWHP ZLWK GLVWLQJXLVKLQJ

KLJKOLJKWV DQG ERUGHUV�

U I  E N V I S I O N M E N T

Figure 6: Groups are formed by placing Post-It notes near
one another. The system provides feedback about the
groups it has recognized by outlining the group.

Figure 7: Groups may have labels. Labels are
highlighted by the system using a clearly
distinguished border color.

7KH DELOLW\ WR OLQN FKXQNV DQG JURXSV RI LQIRUPDWLRQ LV DQ IHDWXUH SURYLGHG E\ 2XWSRVW WKDW LV QRW

UHDGLO\ SURYLGHG E\ WKH H[LVWLQJ SUDFWLFH RI JURXSLQJ 3RVW�,WV RQ D ZDOO� 6RPH YDULDQWV RI WKH H[LVWLQJ

SUDFWLFH GR H[LVW WKDW DOORZ OLQNV EHWZHHQ GLIIHUHQW SLHFHV RI LQIRUPDWLRQ WR EH LQGLFDWHG� 6XFK

YDULDQWV SODFH WKH 3RVW�,WV RQ ODUJH VKHHWV RI SDSHU LQVWHDG RI GLUHFWO\ RQ WKH ZDOO� RU WKH\ SODFH WKH
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3RVW�,WV RQ D ZKLWHERDUG RU RWKHU HUDVDEOH VXUIDFH� :KHQ OLQNV DUH GUDZQ RQ WKH ZDOO� KRZHYHU�

PDLQWDLQLQJ OLQNV EHWZHHQ LWHPV WKDW PD\ EH PRYLQJ DURXQG LV WHGLRXV LI QRW LPSRVVLEOH� 2XWSRVW

SURYLGHV OLQNV DV D ZD\ WR HQULFK WKH YRFDEXODU\ DYDLODEOH WR GHVLJQHUV IRU GHVFULELQJ WKH UHODWLRQVKLSV

EHWZHHQ REMHFWV LQ WKH VWUXFWXUH� *URXSV H[SUHVV RQO\ RQH NLQG RI UHODWLRQVKLS EHWZHHQ FKXQNV RI

LQIRUPDWLRQ� QDPHO\ VLPLODULW\ DORQJ VRPH XQVSHFLILHG GLPHQVLRQ� /LQNV FDQ EH XVHG WR LPSRVH

DGGLWLRQDO VWUXFWXUH RQ WKH LQIRUPDWLRQ E\ GHVFULELQJ RWKHU UHODWLRQVKLSV� VXFK DV ´UHDFKDELOLW\µ �\RX

FDQ JHW WKHUH IURP KHUH� RU LQIRUPDWLRQ IORZ �LQIRUPDWLRQ SURGXFHG KHUH LV XVHG WR JHQHUDWH WKH

LQIRUPDWLRQ WKHUH��

*URXSV FDQ EH IXUWKHU JURXSHG LQWR ODUJHU JURXSV� 7KLV PXOWL�OHYHO JURXSLQJ DOORZV WKH FRQVWUXFWLRQ

RI KLHUDUFKLHV� ,Q RUGHU WR H[SORUH GLIIHUHQW DUUDQJHPHQWV DW D OHYHO DERYH D VLPSOH JURXS� LV LW

SUREDEO\ LQIHDVLEOH WR XVH SUR[LPLW\ WR VSHFLI\ VHFRQG� DQG WKLUG�OHYHO JURXSV� 8VLQJ SUR[LPLW\ ZRXOG

UHTXLUH WKDW HQWLUH JURXSV EH PRYHG LQ RUGHU WR UHDVVLJQ WKHP WR QHZ KLJKHU�OHYHO JURXSV� 6LQFH WKLV

ZRXOG LQYROYH PRYLQJ SRWHQWLDOO\ GR]HQV RI 3RVW�,W 1RWHV� ZH GR QRW WKLQN WKDW SUR[LPLW\ VKRXOG EH

XVHG IRU FUHDWLQJ KLJKHU OHYHO JURXSV� :H LQWHQG WR XVH GHVN SHQ RSHUDWLRQV� SRVVLEO\ LQ FRQMXQFWLRQ

ZLWK OLQNV� WR VSHFLI\ KLJKHU�OHYHO JURXSV�

)LQDOO\� KLHUDUFKLHV FUHDWHG ZLWK 2XWSRVW ZLOO EH DYDLODEOH IRU LPSRUW LQWR '(1,0 WR VHUYH DV EDVHOLQH

VLWH PDSV IRU IXUWKHU H[SORUDWLRQ DQG UHILQHPHQW RI WKH VLWH� &KXQNV RI LQIRUPDWLRQ ZLOO EH UHJDUGHG

DV '(1,0 ZHE SDJHV� DQG WKH 2XWSRVW VWUXFWXUHV ZLOO EH UHSUHVHQWHG DV KLHUDUFKLFDO VLWH PDSV LQ

'(1,0� ZLWK ODEHOV DSSHDULQJ LQ D KLJKHU OHYHO RI WKH KLHUDUFK\ WKDQ WKH JURXS PHPEHUV DQG DOO

JURXS PHPEHUV OLQNHG �DFFHVVLEOH� IURP WKH SDJH UHSUHVHQWLQJ WKH JURXS ODEHO�

Figure 8: Links provide another layer of
expressive capability in Outpost. Other
types of relationships beyond simple
grouping can be expressed using links.
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Early Work, Low-Fi Prototypes, and User Testing
(DUO\ GHVLJQ ZRUN� GHWDLOHG WDVN DQDO\VLV� DQG XVHU WHVWLQJ ZDV SHUIRUPHG E\ 5DHFLQH 6DSLHQ LQ

6XPPHU ���� >6DSLHQ��@� ,Q DGGLWLRQ WR VXJJHVWLQJ VHYHUDO GHVLJQ GLUHFWLRQV ZKLFK ZH KDYH

LQFRUSRUDWHG DQG H[SDQGHG XSRQ LQ WKH FXUUHQW GHVLJQ� 5DHFLQH FUHDWHG D ORZ�IL SURWRW\SH XVLQJ

SRVWHU ERDUG DQG 3RVW�,W 1RWHV WR H[SORUH KRZ XVHUV ZRXOG LQWHUDFW ZLWK D V\VWHP OLNH 2XWSRVW� 6KH

FRQGXFWHG D VHULHV RI XVHU�WHVWV ZLWK WKH ORZ�IL SURWRW\SH DQG SURGXFHG D PHGLXP�IL LQWHUDFWLYH

SURWRW\SH LQ -DYD EDVHG RQ WKH REVHUYDWLRQV IURP WKH ILUVW XVHU WHVWV� 7KLV VHFRQG SURWRW\SH XVHG RQO\

´YLUWXDOµ 3RVW�,W 1RWHV DQG H[SORUHG KRZ XVHUV ZRXOG LQWHUDFW ZLWK WKH JURXSLQJ PHFKDQLVPV DQG

YLVXDO IHHGEDFN DERXW WKH JURXS VWUXFWXUH� 2XU FXUUHQW ZRUN LV PRWLYDWHG DQG LQVSLUHG E\ WKH

SURWRW\SHV FUHDWHG E\ 5DHFLQH DQG WKH XVHU IHHGEDFN VKH FROOHFWHG DERXW WKRVH SURWRW\SHV�

Related Work

´&RQVLGHU D IXWXUH GHYLFH IRU LQGLYLGXDO XVH� ZKLFK LV D VRUW RI PHFKDQL]HG SULYDWH ILOH DQG OLEUDU\� «

,W FRQVLVWV RI D GHVN� DQG ZKLOH LW FDQ SUHVXPDEO\ EH RSHUDWHG IURP D GLVWDQFH� LW LV SULPDULO\ WKH SLHFH

RI IXUQLWXUH DW ZKLFK KH ZRUNV�µ>%XVK��@ ,Q PDQ\ ZD\V� WKH ILHOG RI GLJLWDO LQIRUPDWLRQ DUFKLWHFWXUH

ZDV ERUQ ZLWK 9DQQHYDU %XVK·V ���� $WODQWLF 0RQWKO\ DUWLFOH $V :H 0D\ 7KLQN� 7KH PRWLYDWLRQV IRU

WKH 'HVLJQHU·V 2XWSRVW DUH VLPLODU WR %XVK·V 0HPH[� 2XU ZRUN VKDUHV ZLWK %XVK·V YLVLRQ GHVN�

FHQWULF VSDFH IRU LQWXLWLYH GDWD HQWU\ DQG PDQLSXODWLRQ� ,QIRUPDO LQWHUIDFHV VXSSRUW QDWXUDO�

DPELJXRXV IRUPV RI KXPDQ�FRPSXWHU LQWHUDFWLRQ >+HDUVW��@� ,QWHUDFWLRQ PRGHV WKDW LQIRUPDO

LQWHUIDFHV PLJKW VXSSRUW LQFOXGH VSHDNLQJ� ZULWLQJ� JHVWXULQJ� DQG VNHWFKLQJ� 7KHVH IRUPV RI

FRPPXQLFDWLRQ KDYH H[LVWHG DV SDUW RI WKH JUDSKLF GHVLJQ SURFHVV ORQJ EHIRUH WKH DGYHQW RI

FRPSXWHUV� :KLOH GHWDLOV RI WKHVH FRPPXQLFDWLRQ SUDFWLFHV PXVW EH WDLORUHG WR VRPHKRZ H[SUHVV

FRPSXWDWLRQDO WDVNV� D PDLQ WKUXVW RI WKLV ZRUN LV WR EXLOG WKH V\VWHP DURXQG DFWXDO GHVLJQ SUDFWLFH�

)RU WKLV UHDVRQ� ZH VHH WKH PRVW LPSRUWDQW ERG\ RI UHODWHG ZRUN WR EH WKH ZRUN WKDW GHVLJQHUV

SHUIRUP HYHU\ GD\�

'HVN LQWHUIDFHV KDYH D ULFK OHJDF\ DV ZHOO� $W 0,7 /LQFROQ /DE LQ ���� ,YDQ 6XWKHUODQG

GHPRQVWUDWHG 6NHWFK 3DG� D SHQ�EDVHG LQWHUIDFH IRU GUDZLQJ �' PRGHOV�>6XWKHUODQG��@ ,QVSLUHG E\

WKLV VHPLQDO ZRUN� LQ ���� =HOH]QLN HW DO GHYHORSHG 6NHWFK�>=HOH]QLN��@ D GHVN DQG SHQ�EDVHG

JHVWXUDO LQWHUIDFH IRU �' PRGHO FRQVWUXFWLRQ� /LNH WKH 2XWSRVW� 6NHWFK XVHV D UHDU SURMHFWHG

DUFKLWHFWXUDO GUDIWLQJ WDEOH� ,VKLL HW DO KDYH VHW DV WKHLU PLVVLRQ WR ´HPSOR\ WKH SK\VLFDO ZRUG LWVHOI DV

Figure 9: Information hierarchies
created in Outpost can be imported
into DENIM and serve as baseline
sitemaps
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DQ LQWHUIDFH�µ XVLQJ FRPSXWDWLRQDOO\ HQKDQFHG SK\VLFDO SURSV� $ UHFHQW SURMHFW� WKH /XPLQRXV

5RRP�>8QGHUNRIIOHU��@ LV ´DQ LQWHULRU DUFKLWHFWXUH VSDFH ZKRVH VXUIDFHV KDYH EHHQ PDGH FDSDEOH

ERWK RI GLVSOD\LQJ YLVXDO LQIRUPDWLRQ DQG SHUIRUPLQJ YLVXDO FDSWXUH�µ 7KLV WZR�ZD\ LQIRUPDWLRQ

VWUHDP LV RI SDUWLFXODU UHOHYDQFH WR RXU ZRUN� ,VKLL HW DO DVVHUW WKH VXFFHVV RI DQ RQJRLQJ SURMHFW� WKH

PHWD'(6.�>8OOPHU��@ ,W ´KDV D FHUWDLQ OHJLELOLW\ RI LQWHUIDFH LQ WKDW LWV DIIRUGDQFHV VXJJHVW DQG

VXSSRUW XVHU·V QDWXUDO H[SHFWDWLRQV IURP WKH GHYLFH�µ :KLOH WKH WHFKQRORJ\ RI WKH 7DQJLEOH 0HGLD

*URXS LV DEVROXWHO\ DPD]LQJ� WKH VXFFHVV RI WKLV ZRUN LV FULSSOHG E\ WKH IDFW WKH JURXS SUDFWLFHV

WHFKQRORJ\�FHQWHUHG GHVLJQ� ,Q WKH JURXS·V WZHQW\�HLJKW SXEOLFDWLRQV� RQO\ RQH IRUPDO XVHU VWXG\ ZDV

FRQGXFWHG� >8QGHUNRIIOHU��E@ �$ IHZ SDSHUV LQFOXGHG DQHFGRWHV IURP ODE YLVLWRUV DQG FRQIHUHQFH

DWWHQGHHV�� :H KDYH SUDFWLFHG WDVN�FHQWHUHG GHVLJQ� JURXQGHG LQ RXU HWKQRJUDSKLF VWXGLHV RI WKH ZHE

GHVLJQ SURFHVV�>1HZPDQ��@

0RUDQ� DQG FROOHDJXHV DW ;HUR[ 3$5& KDYH EHHQ ZRUNLQJ RQ LQWHUIDFHV IRU 7LYROL� DQ LQWHUDFWLYH

ZKLWHERDUG�>5RQE\3HGHUVHQ��@ 'LVFXVVLQJ DQ LQWHUQDO HWKQRJUDSK\ RI 3$5& PHHWLQJ SUDFWLFH�

0RUDQ QRWHV WKDW ´0HHWLQJV DUH XVXDOO\ SDUW RI D ODUJHU ZRUN SURFHVV LQ ZKLFK WKHUH LV D NQRZOHGJH

EDVH RI PDWHULDOV WKDW LV XVHG EHWZHHQ PHHWLQJV� 'XULQJ D JLYHQ PHHWLQJ� RQO\ D UHOHYDQW ¶ZRUNLQJ VHW·

RI PDWHULDOV LV QHHGHG WR HIIHFWLYHO\ FRQGXFW WKH PHHWLQJ� « 3HQ�EDVHG FRPSXWDWLRQDO V\VWHPV WKDW

DOORZ VFULEEOLQJ DQG JHVWXULQJ RQ ZDOO�VL]H GLVSOD\V FDQ VXSSRUW D ZKLWHERDUG PHWDSKRU IRU ZRUNLQJ

PHHWLQJV�µ>0RUDQ��@ :H GUDZ IURP 0RUDQ·V UHVHDUFK RQ VSDWLDOO\ RUJDQL]LQJ PDWHULDO RYHU ODUJH

VXUIDFHV� 7KLV IDOO� 0RUDQ HW DO SUHVHQWHG WKH &ROODERUDJH V\VWHP� D FDPHUD FDSWXUHG ZKLWHERDUG�

:HE VLWH GHVLJQ WHDPV PDNH XVH RI LQIRUPDWLRQ DUFKLWHFWV WR KHOS RUJDQL]H WKH KLHUDUFK\ RI WKH VLWH

PDS� ODEHOLQJ� DQG VHDUFKLQJ V\VWHPV� 2IWHQ WKHVH DUFKLWHFWV DUH PRUH FRPIRUWDEOH ZLWK VNHWFKLQJ

WKDQ FRGLQJ� ,QIRUPDO LQWHUIDFHV VXFK DV 6,/. DQG '(1,0 FRPELQH WKH IOXLGLW\ RI VNHWFKLQJ ZLWK

WKH DSSHDO RI FRPSXWHU EDVHG GHVLJQ WRROV� QDPHO\ WKDW WKH ILQDO SURGXFW LV LQWHUDFWLYH DQG FDQ EH

HDVLO\ PRGLILHG�>/DQGD\��@ 6WLOO� WKHUH LV D KDSWLF DVSHFW WR SDSHU�EDVHG GHVLJQ WKDW LV PLVVLQJ IURP

HYHQ LQIRUPDO VFUHHQ�EDVHG GHVLJQ WRROV� :HOOQHU QRWHV WKDW ´&RQVHTXHQWO\� ZH KDYH WZR GHVNV� RQH

IRU ¶SDSHU SXVKLQJ· DQG RQH IRU ¶SL[HO SXVKLQJ�· µ :HOOQHU OLVWV WKH DGYDQWDJHV RI ´SL[HO SXVKLQJµ

HOHFWURQLF GRFXPHQWV DV� ´4XLFN WR HGLW� FRS\� WUDQVPLW� VKDUH� ILOH� DQG UHWULHYH� $OORZV NH\ZRUG

VHDUFKLQJ� VSHOO FKHFNLQJ� LQVWDQW FDOFXODWLRQV�µ $QG WKH DGYDQWDJHV RI SDSHU GRFXPHQWV DV ´7KUHH
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GLPHQVLRQDO� XQLYHUVDOO\ DFFHSWHG� FKHDS� SRUWDEOH� IDPLOLDU� KLJK UHVROXWLRQ� HDV\ WR UHDG� WDFWLOH� FDQ

XVH ERWK KDQGV DQG ILQJHUV WR PDQLSXODWH� DQG FDQ GRRGOH RQ ZLWK D SHQFLO�µ>:HOOQHU��@ 7KH JRDO RI

WKH 2XWSRVW LV WR KDYH WKH EHVW RI ERWK ZRUOGV� LQ RXU V\VWHP SDSHU SXVKLQJ LV SL[HO SXVKLQJ� $ XVHU

KDV WKH VDPH IXQGDPHQWDO FDSDELOLWLHV LQ WKH 2XWSRVW V\VWHP DV LQ D QRQ�FRPSXWDWLRQDO SDSHU EDVHG

V\VWHP� VKH FDQ FUHDWH QHZ ´SDJHVµ E\ ZULWLQJ RQ D QHZ 3RVW�LW QRWH DQG RUJDQL]H D VLWH E\ SK\VLFDOO\

PRYLQJ 3RVW�LW QRWHV DURXQG WKH GHVN� 7KH V\VWHP DOVR FDSWXUHV WH[W� DQG LQIHUV VWUXFWXUH DERXW WKH

VLWH� ZH GLVFXVV WKLV IXUWKHU LQ D ODWHU VHFWLRQ�

System hardware
7KH NH\ KDUGZDUH LQ WKH V\VWHP LV FRPSULVHG RI D :LQGRZV �� 3& FRQQHFWHG WR DQ ,7, 'LJLWDO 'HVN�

DQ LQNLQJ SHQ� DQG D WDEOHW� 7KH GHVN LV ODUJH HQRXJK IRU XVHUV WR FRPIRUWDEO\ ZRUN ZLWK XS WR DURXQG

HLJKW\ 3RVW�LW QRWHV>6DSLHQ��@� :H XVH D &URVV L3HQ WDEOHW DQG D FRPSDWLEOH LQNLQJ &URVV SHQ� 7R

FUHDWH D QHZ SDJH� XVHUV ZULWH RQ D SRVW�LW SODFHG RQ WKH WDEOHW� 7KH WDEOHW KDV WKH DGYDQWDJH RI PXFK

EHWWHU UHVROXWLRQ �FULWLFDO IRU LQN FDSWXUH� DQG SRUWDELOLW\� 7KLV LV FOHDUO\ QRQ�LGHDO LQWHUDFWLRQ� ,Q D IHZ

\HDUV� ZKHQ KLJKHU UHVROXWLRQ GHVNV DUH DYDLODEOH� WKLV ZLOO QR ORQJHU EH QHFHVVDU\� 7KH WDEOHW� WKH

GHVN� DQG WKH 3RVW�LWV DUH DOO FDSDEOH RI SHQ LQSXW� ,W ZRXOG EHQHILW WKH XVHU LI RQH SHQ ZRUNHG ZLWK DOO

HOHPHQWV RI WKH V\VWHP� 7KH GLIILFXOW\ LV WKDW WKH GHVN KDV D QRQ�LQNLQJ DFWLYH SHQ� DQG LW LV

XQGHVLUDEOH WR OHDYH D SK\VLFDO LQN WUDLO ZKHQ JHVWXULQJ RQ WKH GHVN RU WDEOHW VFUHHQ� 2QH SRWHQWLDO

VROXWLRQ PD\ EH KDUG SHQFLO OHDG� ZKLFK OHDYHV QR PDUNV RQ WKH VPRRWK SODVWLF GHVN DQG VFUHHQ

VXUIDFHV� 5HSODFLQJ WKH GHVN·V SODVWLF WLS ZLWK D SHQFLO OHDG ZRXOG ZRUN IRU WKH GHVN � VFUHHQ FDVH� ,Q

WKH GHVN � WDEOHW FDVH� RQH FRXOG WDSH D QRQ�LQNLQJ &URVV SHQ WR WKH VLGH RI WKH GHVN SHQ� DQG VOLJKWO\

UDLVHG� :KLOH , EHOLHYH WKH GHVN SHQ RQO\ WUDQVPLWV PDUNV ZKHQ WKH WLS LV GHSUHVVHG� WKH :DFRP WDEOHW

LV DZDUH RI WKH SHQ DQ\ WLPH WKH WLS LV QHDU WKH WDEOHW VXUIDFH� 7KH WDEOHW·V PRGHO RI SHQ SRVLWLRQ LV

WUDQVODWHG IRUP WKH XVHU·V PRGHO RI SHQ SRVLWLRQ� EXW LI ZH IDVKLRQ WKH ´GRXEOHSHQµ LQ VXFK D ZD\

WKDW LW HQFRXUDJHV RQH KROGLQJ VW\OH� WKH V\VWHP FDQ DXWRPDWLFDOO\ FRPSHQVDWH EHFDXVH WUDQVODWLRQ LV

GHWHUPLQLVWLF�

Figure 3: The Tangible Media Group’s metaDESK

Camera hardware
´7KH PDLQ GLIILFXOW\ LQ LPSOHPHQWLQJ D V\VWHP WR VXSSRUW FRPSXWHU�EDVHG LQWHUDFWLRQ ZLWK SDSHU

GRFXPHQWV LV WR UHODWH D VHOHFWHG ORFDWLRQ RQ WKH SDSHU WR WKH WH[W DW WKDW SRVLWLRQ�µ >:HOOQHU S� ���@

7KH :HOOQHU GLJLWDO GHVN ´XVHV VXSSOHPHQWDU\ FDPHUDV ]RRPHG LQWR QDUURZ ILHOGV RI YLHZµ WR REWDLQ
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LPDJHV IRU ´OLPLWHGµ 2&5� 7KH 0DUFHO SURMHFW LV PRUH UDWLRQDO� LW XVHV ´ORZ�UHVROXWLRQ YLGHR LPDJHV�

FRUUHFWV WKHP IRU VNHZ� DQG FRUUHODWHG WKHP ZLWK GRFXPHQW LPDJHV REWDLQHG IURP D SULQWHU RU KLJK�

UHVROXWLRQ VFDQQHU�µ>1HZPDQ��@ 7KH GUDZEDFNV DUH �� SULQWLQJ DQG VFDQQLQJ DUH VORZ SURFHVVHV� DQG

�� WKH XVHU·V ERG\ RIWHQ RFFOXGHV WKH DERYH PRXQWHG FDPHUD·V YLHZ� :H DGRSW D VLPLODU PHWKRG� VDQV

WKHVH � WZR GUDZEDFNV� :H XVH SDLU RI ���[��� FDSWXUH UHVROXWLRQ� ���ELW FRORU� 86% FDPHUDV IRU

LPDJH LQSXW� 7KH 0LFURVRIW 5HVHDUFK 9LVLRQ 6'. KDQGOHV WKH GHWDLOV RI ORZ OHYHO LPDJH FDSWXUH� 2QH

FDPHUD LV PRXQWHG LQVLGH WKH GHVN� DQG LV DEOH WR WUDFN WKH SHULPHWHUV RI 3RVW�LWV ZLWKRXW WKH

GLIILFXOW\ RI EHLQJ RFFOXGHG E\ WKH XVHU� �:H ERUURZ WKLV LGHD IURP WKH ,VKLL PHWD'(6.�>8OOPHU��@�

7KH VHFRQG FDPHUD LV FHLOLQJ PRXQWHG� /LNH 0DUFHO� RXU FHLOLQJ FDPHUD FDSWXUHV D ORZ�UHVROXWLRQ

YHUVLRQ RI WKH GRFXPHQW� ZKLFK LV URWDWLRQ DQG WUDQVODWLRQ QRUPDOL]HG IRU FRPSDULVRQ� $OVR OLNH

0DUFHO� WKLV FDSWXUH LV QRW KRZ WKH V\VWHP VWRUHV QRWH GDWD� :H FDSWXUH RXU KLJK�UHVROXWLRQ YHUVLRQ

IRU VWRUDJH DV WKH XVHU ZULWHV WKH QRWH RQ WKH GHVN RU WDEOHW� HOLPLQDWLQJ WKH QHHG WR VFDQ�

´:H DUH HVSHFLDOO\ LQWHUHVWHG LQ XVLQJ >FRPSXWDWLRQDOO\@ SDVVLYH� PLQLPDOO\ WDJJHG SK\VLFDO REMHFWV DV

78, FRQWUROV ZKHQHYHU SRVVLEOH� µ >8OOPHU��@ 2XU SDSHU LQWHUIDFH XVHV RII WKH VKHOI 3RVW�LWV�

FRPSOHWHO\ SDVVLYH DQG XQWDJJHG� /RQJ WHUP� ZH PD\ EH LQWHUHVWHG LQ SRVLWLRQ WUDFNLQJ SULYLOHJHG

SK\VLFDO REMHFWV IRU XVH DV SKLFRQV� KHUH ZH SODQ WR IROORZ WKH ,VKLL SKLORVRSK\ RI PLQLPDO WDJJLQJ�

%HFDXVH WKHVH REMHFWV DUH ´LQFOXGHGµ ZLWK WKH V\VWHP DQG QRW EURXJKW LQ H[WHUQDOO\� LW PDNHV VHQVH WR

KDYH VRPH WDJJLQJ ZKHQ LW FDQ RIIHU D SHUIRUPDQFH JDLQ�

The Vision Pipeline
$W V\VWHP VWDUW�XS WKHUH LV D RQH�WLPH FDPHUD FDOLEUDWLRQ VHTXHQFH� 2XU JRDO LV WR WUDFN VROLG FRORUHG
UHFWDQJXODU REMHFWV� WR NQRZ WKHLU ORFDWLRQ� DQG WR NQRZ ZKHQ WKH\ DUH DGGHG RU UHPRYHG� ,Q WKH ILUVW
VWHS RI WKH FDOLEUDWLRQ� WKH XVHU SODFHV D ODUJH VDPSOH RI WKH WDUJHW FRORU RQ SDUW RI WKH VFUHHQ� 7KH
XVHU WKHQ PRYHV WKH REMHFW WR D GLIIHUHQW SDUW RI WKH VFUHHQ� %\ FRPSXWLQJ WKH GLIIHUHQFH RI WKHVH WZR
LPDJHV� ZH KDYH FRQVWUXFWHG WKH WKUHH EDVLF LQSXW VLJQDOV� 7KH\ DUH� REMHFW DGG� REMHFW UHPRYH� DQG
QR FKDQJH� :H XVH DQ LWHUDWLYH DOJRULWKP WR SDUWLWLRQ WKHVH VLJQDOV� :H WKHQ XVH WKH VLJQDO SDUWLWLRQLQJ
WR SHUIRUP D WKUHH�YDOXH WKUHVKROG DW UXQWLPH� 6HFRQG� ZH OHW WKH FDPHUD FDSWXUH WHQ IUDPHV RI QR
DFWLYLW\� 2XU FDPHUDV KDYH D ORW RI QRLVH� ZH XVH WKHVH WHQ IUDPHV WR SDUDPHWHUL]H RXU QRWLRQ RI D
IUDPH WKDW KDV QR DFWLYLW\� )LQDOO\� ZH FDOLEUDWH WKH VL]H RI WKH FDSWXUH REMHFW� :H DVN WKH XVHU WR SODFH
RQH H[DPSOH REMHFW RI WKH DSSURSULDWH VL]H RQWR WKH GHVN� :H FDSWXUH D IUDPH� DQG WKHQ DVN WKH XVHU
WR UHPRYH LW� DQG FDSWXUH D VHFRQG IUDPH� :H GLIIHUHQFH WKHVH WZR LPDJHV� DQG SHUIRUP D WKUHH�YDOXH
WKUHVKROG� 8VLQJ WKH FRQQHFWHG FRPSRQHQWV DOJRULWKP� ZH FDQ ILQG WKH VL]H RI WKH DGGHG REMHFW� :H
WDNH D SHUFHQWDJH RI WKLV �FXUUHQWO\ ���� DV WKH PLQLPXP DOORZDEOH VL]H RI D YDOLG REMHFW VLJQDO� ,Q WKH
IXWXUH� ZH FRXOG DOVR LQIHU WKDW VLJQDOV PXFK ODUJHU LQ PDVV WKDQ WKH H[DPSOH VLJQDO DUH D VHW RI
PXOWLSOH RYHUODSSLQJ 3RVW�LWV�

With this calibration information, our object recognition task is fully parameterized. For each captured
frame n, we compute the pixelwise difference of n and n-1. If the single difference image contains
activity above the noise threshold, we claim the system is in a state of flux. (We save the last calm
image c1.) We wait until the system returns to a  state of calm, and examine the new clam state image
c2. We perform an “uberdiff” of c2 – c1. We then threshold and perform connected components on the
uberdiff. The output of this is the set of objects that have changed. (The thresholded image difference
subtracts out environment and the portion of the state that is unchanged.) We also know which of these
objects are remove objects and which are add objects. We can then pass this knowledge about location
and state to our state maintenance system for semantic identification.

Future Work – Camera Calibration
,Q RUGHU WR SURYLGH FRUUHODWHG IHHGEDFN DERXW VHPDQWLF VWUXFWXUH RI REMHFW UHODWLRQVKLSV� ZH QHHG WR

NQRZ ZKHUH LQ GHVN VSDFH WKH WUDFNHG REMHFWV DUH� 7KLV LV WKH FDQRQLFDO DXJPHQWHG UHDOLW\ SUREOHP�

ZH QHHG WR FRUUHODWH FDPHUD SL[HOV ZLWK GHVN SL[HOV� ,Q RXU FDVH� WKH FRUUHODWLRQ SUREOHP LV

FRQVWUXFWLQJ D SURMHFWLYH PDSSLQJ IURP GHVN FRRUGLQDWHV WR FDPHUD FRRUGLQDWHV� 2XU DSSOLFDWLRQ KDV
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VRPH SURSHUWLHV WKDW PDNH FDOLEUDWLRQ GLIILFXOW� DQG RWKHUV WKDW VLPSOLI\ LW� 2QH GLIILFXOW\ LV WKDW WKH

RSWLFV RI RXU FDPHUD V\VWHP DUH SRRU� WKH GHYLDWLRQ IURP D WKHRUHWLFDO FDPHUD PRGHO LV SUREDEO\

VLJQLILFDQW� 2XU PDSSLQJ PXVW DOVR EH UHDO WLPH� DQG FDQQRW EH D VLJQLILFDQW FRPSXWDWLRQDO SRUWLRQ RI

WKH HQWLUH YLVLRQ SURFHVV� 2XU WDVN LV HDVHG EHFDXVH ZH NQRZ WKH VKDSH RI DOO WDUJHW REMHFWV DKHDG RI

WLPH� 3RVW�LWV DUH VPDOO UHFWDQJOHV� 7ZR FRUQHU SRLQWV XQLTXHO\ GHWHUPLQH WKH WKUHH '2) �WZR

WUDQVODWLRQ SOXV RQH URWDWLRQ� RI D UHFWDQJXODU REMHFW LQ D SODQH� DQG IRXU FRUQHU SRLQWV HQDEOH HUURU

PLQLPL]DWLRQ� 7KH GHVN LV D ODUJH UHFWDQJOH� &DOLEUDWLRQ RQO\ QHHGV WR KDSSHQ RQFH� ZKHQ WKH V\VWHP

LV VWDUWHG� VR LW·V RND\ LI WKH SURFHVV LV OHQJWK\� )LQDOO\� WKH GHVN LV FDSDEOH RI EURDGFDVWLQJ LPDJHV�

HQDEOLQJ D IHHGEDFN ORRS� )RXU SRLQWV XQLTXHO\ GHILQH D SURMHFWLYH ZDUS� ZH XVH WKH IRXU FRUQHU

SRLQWV RI WKH GHVN VFUHHQ� 5HJDUGOHVV RI WKH VSHFLILFV RI WKH FDOLEUDWLRQ DOJRULWKP� WKH FDPHUD WR GHVN

ORRNXS WDEOH QHHGV WR EH FRPSXWHG WZLFH� RQFH IRU WKH WRS FDPHUD DQG RQFH IRU WKH ERWWRP FDPHUD�

%RWK ORRNXS WDEOHV FDQ EH EXLOW VLPXOWDQHRXVO\ XVLQJ WKH VDPH GLVSOD\ VHTXHQFH RI VWUXFWXUHG OLJKW

GDWD�

7KH ERWWRP FDPHUD LV UHVSRQVLEOH IRU WKH ORFDWLRQ RI 3RVW�LWV� WKH WRS FDPHUD LV UHVSRQVLEOH IRU LQN

UHFRJQLWLRQ� ,QN UHFRJQLWLRQ LV D VORZ WDVN� /XFNLO\� H RQO\ QHHG WR SHUIRUP LQN UHFRJQLWLRQ ZKHQ D

QHZ 3RVW�LW DSSHDUV RQ WKH GHVN� :KLOH D 3RVW�LW UHPDLQV RQ WKH GHVN� HYHQ DV LW LV PRYHG DURXQG RQ

WKH GHVN� WKH V\VWHP XVHV IUDPH�WR�IUDPH FRKHUHQFH DOJRULWKPV WR FRQWLQXH DVVRFLDWLQJ 3RVW�LW GDWD

ZLWK WKH SK\VLFDO 3RVW�LW REMHFW� 7KH PHWD'(6. SURMHFW �XVLQJ WKH VDPH GHVN KDUGZDUH DV WKLV ZRUN�

XVHG D EHORZ VFUHHQ FDPHUD DQG IRXQG WKDW REMHFWV GLVDSSHDUHG IURP YLHZ RQFH WKH\ ZHUH PRUH WKDQ

��FP DERYH WKH WDEOH� $ERYH WKLV KHLJKW ZH VWDUW ZLWK D IUHVK VODWH�

Future Directions
:KHQ ZULWLQJ RQ WKH GHVN� WKH V\VWHP NQRZV WKH ORFDWLRQ RI DOO SRVW�LWV� LW ZRXOG EH EHQHILFLDO IRU

XVHUV LG ZH DOORZHG IRU DGGLQJ QHZ LQN WR H[LVWLQJ 3RVW�LWV� 2Q WKH WDEOHW� ZH QHHG PRUH LQIRUPDWLRQ�

7KH PHWD'(6. KDV REMHFWV WKDW DUH VWRUHG LQ WDJJHG WUD\V� ´%\ UHFRUGLQJ ZKHQ WKHVH �ODEHOHG�

REMHFWV OHDYH WKH WUD\ DQG DSSO\LQJ WKLV ODEHO WR WKH QH[W XQODEHOHG REMHFW LQ WKH LQIUDUHG YLVLRQ VFHQH�

ZH DUH DEOH WR VXFFHVVIXOO\ LGHQWLI\ DQG WUDFN SK\VLFDO REMHFWV RQ WKH GHVN�µ ,Q JHQHUDO� WKLV KHXULVWLF

VHHPV WRR HUURU SURQH IRU RXU LQWHUHVWV� )RU WKH SDUWLFXODU FDVH RI SXOOLQJ D 3RVW�LW RII WKH GHVN DQG

SODFLQJ LW RQ WKH WDEOHW� LW PD\ ZRUN� EXW LW VWLOO VHHPV IUDJLOH� $Q DOWHUQDWH RSWLRQ LV WR UHTXLUH WKDW WKH

XVHU SODFH WKH WDEOHW RQ WKH GHVN SULRU WR 3RVW�LW HQWU\� 1RZ WKH 3RVW�LW LQ TXHVWLRQ LV XQGHU

VXUYHLOODQFH IURP WKH DERYH PRXQWHG FDPHUD DQG ZH FDQ QRWLI\ WKH V\VWHP LW LV EHLQJ XSGDWHG�

$IWHU SODFLQJ 3RVW�LWV RQ WKH GHVN IRU WKH ILUVW WLPH� XVHUV DUH IUHH WR NHHS RU GLVFDUG WKH SK\VLFDO

3RVW�LW� %HFDXVH ZHE VLWH GHVLJQ WDNHV SODFH RYHU DQ H[WHQGHG SHULRG RI WLPH� XVHUV PD\ ILQG LW

FRQYHQLHQW WR WKURZ DZD\ WKH PDVV RI 3RVW�LWV� RU WKH\ PD\ ORVH WKHP� 7KH YLUWXDO 3RVW�LW VWD\V� 8VHUV

PD\ ZULWH RQ WKH YLUWXDO 3RVW�LW RQ WKH GHVN� �$QG LI ZH KDYH D VFUHHQ WDEOHW WR XVH DV D KLJK

UHVROXWLRQ 7RROJODVV� WKH\ PD\ DOVR SODFH WKH WDEOHW RQ WKH GHVN DQG ZULWH�� 2QH RI RXU PRWLYDWLRQV

IRU WKLV ZRUN ZDV WKH H[FHOOHQW KDSWLF IHHO RI 3RVW�LWV� KRZ GR ZH UHWDLQ WKLV DIWHU WKH\ DUH GLVFDUGHG�

7KH DQVZHU LV JHQHULF 3RVW�LW ´IUDPHV�µ D SDSHU 3RVW�LW ODPLQDWHG WR D PHWDO VKHHW ZLWK WKH FHQWHU FXW

RXW VXFK WKDW RQO\ WKH ERUGHU UHPDLQV� 3ODFLQJ D IUDPH RQWR WKH GHVN ´DWWDFKHVµ WKH WZR� 8VHUV FDQ

WKHQ PRYH WKH SK\VLFDO IUDPH DURXQG WR XSGDWH WKH DUUDQJHPHQW LQ WKH YLUWXDO VSDFH� $Q DOWHUQDWLYH WR

WKH IUDPH LQWHUDFWLRQ ZRXOG EH WR XVH 3'$·V� 3ODFLQJ D 3'$ RQ WKH GHVN VXUIDFHV ´SLFNV XSµ D

YLUWXDO SRVW�LW� ,W FDQ EH FDUULHG DURXQG DQG WH[W FDQ EH DGGHG WR LW� :KHQ WKH 3'$ LV SODFHG EDFN RQ

WKH GHVN VXUIDFH� WKH QRWH LV ´GURSSHG�µ

6HWV RI 3RVW�LWV FDQ EH JURXSHG WRJHWKHU� 6DSLHQ·V XVHU WHVWLQJ SURYLGHV YDOXDEOH IHHGEDFN KHUH DV ZHOO�

DQ LQWXLWLYH JURXSLQJ UXOH LV WKDW DQ\ 3RVW�LWV WKDW DUH LQ SK\VLFDOO\ WRXFKLQJ DUH LQ WKH VDPH JURXS�

$QRWKHU VWUXFWXUDO HOHPHQW ZH VXSSRUW DUH OLQNV� ,I D XVHU GUDZV D OLQH RQ WKH GHVN IURP RQH 3RVW�LW
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WR DQRWKHU� ZH GLVSOD\ WKH OLQH WUDFH �ZLWK DQ DUURZKHDG GUDZQ DW WKH HQG� DQG VHPDQWLFDOO\ DGG D OLQN

IURP WKH RULJLQDWLQJ SDJH WR WKH GHVWLQDWLRQ SDJH�

,Q WKH GHVLJQ SURFHVV� LW LV LPSRUWDQW WR KDYH PHWD�GDWD DERXW WKH GHVLJQ DUWLIDFW� :H VXSSRUW WZR

W\SHV RI PHWD�GDWD� FRORU DQG DQQRWDWLRQV� ,Q RXU V\VWHP ZH FKRRVH WR KDYH WKH V\VWHP QRW LQIHU

VWUXFWXUH IURP 3RVW�LW FRORU� 'HVLJQHUV DUH IUHH KRZHYHU� WR XVH DQ\ FRORU 3RVW�LWV WKH\ FKRRVH� DQG

WKH YLUWXDO 3RVW�LWV UHWDLQ WKH FRORU RI WKH SK\VLFDO 3RVW�LWV� 'HVLJQHUV PD\ ZDQW WR XVH FRORU WR

UHSUHVHQW SRWHQWLDO SUREOHP SDJHV� FRUUHODWH FRORU ZLWK ZKLFK WHDP PHPEHU LV ZRUNLQJ RQ WKH

SURMHFW� RU DQ\ RWKHU LQIRUPDWLRQ WKH\ FKRRVH� 'HVLJQHUV DUH IUHH WR FKDQJH WKH FRORU RI WKH YLUWXDO

3RVW�LW DW DQ\ WLPH� XVLQJ D FRORU PDUNLQJ PHQX� $QQRWDWLRQV DUH VHPDQWLFDOO\ LQWHUSUHWHG KRZHYHU�

�0 PDNHV DUURZ VKDSHG 3RVW�LWV� RXU V\VWHP UHFRJQL]HV WKHVH 3RVW�LWV �DQG WKH ZULWLQJ RQ WKHP� DV

UHSUHVHQWLQJ LQIRUPDWLRQ DERXW D SDJH RU DUHD� 2YHUODSSLQJ DQ DQQRWDWLRQ ZLWK D SDJH VHPDQWLFDOO\

DWWDFKHV WKH WZR� :KLOH ERWK 3RVW�LWV UHPDLQ RQ WKH GHVN� WKH WZR PRYH LQGHSHQGHQWO\� 7KH WZR

PRYH LQ XQLVRQ ZKHQ RQO\ RQH 3RVW�LW LV RQ WKH GHVN� RU LI D IUDPH LV XVHG IRU PDQLSXODWLRQ� 2XU ODVW

ELW RI PHWD�GDWD LV WLPLQJ LQIRUPDWLRQ� 7KH V\VWHP UHSUHVHQWDWLRQ RI WKH 3RVW�LW KDV D FUHDWLRQ WLPH

VWDPS� DORQJ ZLWK D WLPH VWDPS IRU WKH HQG RI HYHU\ PRYH DQG D WLPH VWDPS ZKHQHYHU WKH SK\VLFDO

3RVW�LW GLVDSSHDUV IURP RU DSSHDUV RQ WKH GHVN�

Conclusion
7KH 'HVLJQHU·V 2XWSRVW LV D WDVN�FHQWHUHG WDQJLEOH LQWHUIDFH IRU ZHE VLWH LQIRUPDWLRQ GHVLJQ� ,W·V

IXQFWLRQV DUH LQIRUPHG E\ REVHUYDWLRQV RI UHDO ZHE VLWH GHVLJQ SUDFWLFH DQG ZH EHOLHYH LW SURYLGHV

PDQ\ RI WKH DIIRUGDQFHV RI FXUUHQW WRROV DQG SUDFWLFHV ZKLOH RIIHULQJ WKH DGYDQWDJHV RI HOHFWURQLF

PHGLD�

:H KDYH GHVFULEHG WKH XVHU LQWHUDFWLRQ ZLWK 2XWSRVW DV ZHOO DV WKH KDUGZDUH DQG VRIWZDUH

LQIUDVWUXFWXUH� 7R GDWH� ZH KDYH DVVHPEOHG WKH KDUGZDUH DQG FRPSOHWHG D VXEVWDQWLDO SRUWLRQ RI WKH

VRIWZDUH LQIUDVWUXFWXUH� ,Q WKH QHDU IXWXUH� ZH LQWHQG WR ILQLVK WKH LPSOHPHQWDWLRQ RI WKH GHVLJQ

GHVFULEHG KHUH� DQG YDOLGDWH 2XWSRVW·V XVHIXOQHVV ZLWK SUDFWLFLQJ ZHE GHVLJQHUV�
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