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Figure 1. The BARS mobile augmented real-
ity system. On the right of the user is the
computer. The HMD is equipped with a GPS
antenna and a USB camera. The insert shows
an image which was taken by a camera placed
at the eye piece of the head mounted display.
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Figure 2. Normal view of the system. For clar-
ity, we use opaque mode. When the display
is see-through, the virtual objects are super-
imposed on the real world. The three boxes
on the right hand side (trash, create1 and cre-
ate0) are part of a direct manipulation inter-
face and are not utilized by the model con-
struction system.

Figure 3. The map mode shows the current
model in 3D (shown here in top view) in minia-
ture.

á¦â�ç�ß�ë�òcâSí�åÑä¦æ�ñ¿è_ó#åÑä\ë�ä©ÞEí�ø�æ�ç�åÑã,åÁá¦åÑî�ÞEä\é�è�Ý�ð9Þ
é�ß�Ý�ä©á¦ç�ë�éYá�ÞTí
íGåÁç�ÞTé�á¦ñÑó�ß�ÝÃá�â�Þ2ã�ßGíGÞ�ñ9á�ß
æ�ç�ßkîAåÑíGÞ\á¦â�ÞÇë�ä¦Þ�çIè�íGåÑç¦ÞEéYáIîQåÑÞ�ï
ß�àGá¦â�Þc��Ý�è�ñcç�ÞTä¦ë�ñÁáCåÑÝ�æ�ñ¿è�é�Þ�åÁÝ
á¦â�ÞpÞ�ÝAîAåÁç�ß�Ý�ã,ÞTÝQáTömûIâ�ÞVãÃè�æ
ã,ßGíGÞ � : åÁòcë�ç�Þ�6?	ôç�Þ�æ�ç�ÞTä¦Þ�ÝQá�ä�è�ò�ßGí�ú ä�Þ�ócÞ#îAåÁÞTï ä©â�ßkï�åÑÝ�ò
á¦â�ÞuïVß�ç�ñ¿í!åÑÝ[ã�åÁÝ�åÑè�á¦ë�ç�Þ�öüûIâ�Þuæ9ßcä¦åÁá¦åÑß�Ý�ß�àôá¦â�ÞÌãÃè�æ[å¿ä
ä©ë�é�â�á�â�èkápá¦â�Þ&ë�ä¦Þ�çEú äMñÁßGé�è�á¦åÑß�ÝÃßcÝÃá¦â�Þ&ãÃè�æÃå¿äpè�ñÁïIè_óGä�é�ÞTÝGì
á¦Þ�ç�ÞTí#ß�Ý#á�â�Þ�ä¦é�ç¦ÞTÞ�Ý�è�Ý�íÃá�â�ÞÇã�è�æùú äpåÑÝ�åÁá¦å¿è�ñ^ß�ç�åÑÞ�ÝQá�è�á¦åÑß�Ý#å¿ä
ä©ë�é�â
á¦â�è�á�á¦â�ÞIë�ä¦Þ�çEú ä1îAåÑÞ�ï�æ9ß�åÑÝcá�ä1ß�Ý�á�ß�æ,ß�à9ã,ßGíGÞTñAñÁßAß��AåÑÝ�ò
íGßkï�Ýùöp�|ÝËècí�íGåÁá¦åÑß�Ýuá�â�Þ,ã�è�æËéTè�Ýuð9Þ,á¦åÑñÍá�ÞTíÌè�Ý�í��TßAß�ã�ÞTí
á¦ß�æ�ç�ßkîAåÑíGÞ�èôîAåÑÞ�ï ß�à9á¦â�Þ\ã�ßGíGÞTñGàÈç¦ßcã è�ÝQóµîkè�ÝQá�è�ò�ÞIæ?ßcåÁÝQáEö

ûIâ�Þ�ä©óGä©á¦ÞTã åÑäIã�ßQägá\Þ3�9ÞEéYá¦åÑî�Þôï�åÁá¦â%è�éTé�ë�ç�èká�Þ2á�ç�ècé��AåÁÝ�ò
ß�à1á¦â�Þ
ë�ä©ÞTçTú ä�æ9ßcä¦åÍá�åÁßcÝ%è�Ý�í�â�ÞEè�íSß�ç�åÑÞ�ÝQá�è�á¦åÑß�ÝSåÁÝ�á�â�Þ
è�ç�ÞTè
ð?ÞTåÁÝ�òÇã�ßGíGÞTñÁÞEí�ö�8\ßkïVÞ�î�ÞTçTøEá�â�Þ\ä©óGä©á¦ÞTã åÑä�ä©á¦åÑñÑñGë�ä©Þ�àÈë�ñ�ï�åÁá¦â
è�ä¦åÑÝ�ò�ñÑÞ
ßcçÇÝ�ß�á�ç�ècé���Þ�çEöG�|ÝÌá�â�Þ,è�ð�ä¦Þ�Ý�é�Þµß�àMæ?ßQä©åÁá¦åÑß�Ý»è�Ý�í
â�ÞTècí³ßcç¦åÑÞ�ÝQá�è�á¦åÑß�Ý�á�ç�ècé��AåÁÝ�ò»ä©ÞTÝ�ä¦ß�ç�ä�ø�á�â�Þ�ë�ä©ÞTçTú ä,æ?ßQä©åÁá¦åÑß�Ý
è�Ý�í�ß�ç�åÁÞTÝcá�èká�åÁßcÝ�åÁÝÎá¦â�Þ»ã�ßGíGÞ�ñ�é�è�Ý�ð9ÞËã�ßGíGå���ÞTíÎë�ä©åÑÝ�ò
á¦â�Þ�ã,ßcë�ä¦Þ�ö=$2ç�è�òcò�åÑÝ�òSá¦â�Þ�ã,ßcë�ä¦Þ#ë�æ³è�Ý?í�íGßkï�Ý5ã,ßkîcÞTä
á¦â�ÞÇë�ä¦Þ�çEú äVæ9ßcä¦åÍá�åÁßcÝ�ç�ÞTä¦æ?ÞEéYá�åÁîcÞ�ñÑóµàÈßcç¦ïIè�ç�í#è�Ý�í#ð�ècé��AïVè�ç�í�ø
ï�â�åÑñÁÞVíGç�è�ò�òcåÁÝ�òIá�â�ÞMã�ßcë�ä©ÞpñÁÞ�à�á1è�Ý�í�ç�åÁòcâcáCã,ßGíGå���ÞEäùá�â�ÞVè���ì
åÁãµëGá¦â�ß�àIá¦â�Þ�àÈß�ç�ïVè�ç�í»íGåÑç¦ÞEéYá¦åÑß�Ý»á�ßÌé�â�è�Ý�ò�ÞÃß�ç�åÑÞ�ÝQá�è�á¦åÑß�Ýùö
�|Ý³á�â�åÑäÃé�ß�Ý��?ò�ë�ç�èká�åÁßcÝùø�á¦â�Þ%ä¦óGägá�Þ�ã å¿äµð?è�ä¦åÑéTè�ñÑñÁó5ë�ä¦ÞTí!è�ä
íGÞTä]�Qá¦ßcæ5è�ëGá¦â�ß�ç�åÁÝ�òSá�ßQßcñ�ð�ëGá
â?è�äôá�â�Þ#è�íGîkè�Ýcá�è�òcÞµá�â�èká�åÁá
é�è�ÝÌð9Þ,ë?ä©ÞEíÌßcÝÌá�â�Þ�ã,ßGíGÞTñÁåÑÝ�ò%ä¦åÍá�ÞµßcÝ»è�ïpÞEè�ç�è�ð�ñÑÞµé�ß�ã,ì
æ�ëGá�Þ�çEö
2 ó è�í�í�åÁÝ�ò³è»æ9ßcä¦åÍá�åÁßcÝ[ä©ÞTÝ�ä©ßcçTøVñÑå��cÞ�è4tp#[�!ß�ç#è5æ9Þ�ì

íGß�ã�Þ�á¦Þ�çEøIá¦â�ÞËæ9ßcä¦åÍá�åÁßcÝ[ß�à�á�â�ÞÌë�ä¦Þ�çEú ä#îAåÁÞTï�æ?ßcåÁÝQáSåÁÝ[á�â�Þ
ã�ßAí�Þ�ñIé�è�Ý¾ð?ÞSé�ß�Ý?ägá�ç�è�åÁÝ�ÞEí»á¦ßÌá¦â�Þ�æ?ßQä©åÁá¦åÑß�Ý³ß�à�á¦â�Þ�ë�ä¦Þ�ç
åÁÝ»á�â�Þ#ïVß�ç�ñÑí�ö/�|Ý5á�â�å¿ä�ã�ßAí�Þ�á¦â�Þ#ã�ßcë�ä©ÞÃå¿ä�ä©á¦åÑñÁñMë�ä©ÞEí5è�ä
íGÞTä�é�ç�åÑð?ÞEí5æ�ç¦ÞTîAåÁßcë�ä©ñÑóuá�ßËé�ß�ÝQá¦ç�ß�ñ�á�â�Þ�ßcç¦åÑÞ�ÝQá�èká¦åÑß�Ý5ß�àVá�â�Þ
ë�ä¦Þ�çôåÁÝ»á�â�Þ�ã,ßGíGÞTñ;öF�|Ý»á¦â�å¿ä�é�ßcÝ���òcë�ç�è�á¦åÑß�Ýùø^àÈÞEèká�ë�ç¦ÞEäôé�è�Ý
ð?Þôæ�ñ¿è�é�ÞTí�åÁÝ�á¦â�Þ�ã,ßGíGÞTñ�ðAóa�gë�ä©áIïIè�ñ�AåÁÝ�ò
á�ßµá�â�ÞôñÁßGéTèká¦åÑß�Ý
è�Ý�íÌè�í�íGåÑÝ�òÃá�â�ÞµàÈÞTèká�ë�ç�Þ�ö : ß�ç&Þ�õ�è�ã�æ�ñÑÞ�ø?á¦â�ÞµàÈßAß�á�æ�ç¦åÑÝQá&ß�à
è�ð�ë�åÁñ¿íGåÑÝ�ò�é�è�ÝËð?ÞÃècí�íGÞTíuá¦ß�è�ãÃè�æ��gë�ä©á�ðQó%ïIè�ñ�AåÁÝ�ò�ß�Ý
á¦â�Þ�ç�ßAß�à9ß�à9á¦â�Þ\ð�ë�åÁñ¿íGåÑÝ�ò�ï�åÁá¦âÃè�tp#7�,è�Ý?íµècí�íGåÑÝ�ò�èÇæ?ßcåÁÝQá
ß�Ý�á¦â�Þ�ã�ßGíGÞTñmèkáIá¦â�Þ�ñÁßGé�è�á¦åÑß�ÝSß�à�ÞTècé�âSé�ß�ç�Ý�Þ�çEö
�Æà\æ?ßQä©åÁá¦åÑß�Ý³è�Ý�í5ß�ç�åÁÞTÝQá�èká�åÁßcÝ»á¦ç�è�é���ÞTç�äôè�ç¦ÞÃð9ß�á�â¾è_îkè�åÑñÍì

è�ð�ñÑÞ�øQá�â�ÞÇä¦óGägá�Þ�ã éTè�Ý�ð9ÞÇë�ä©ÞEí�ècäVèµé�ßcã,æ�ñÁÞ�á¦ÞÇã,ßcð�åÑñÁÞp� �
ä©óGä©á¦ÞTãSømï�â�åÑé�â�éTè�Ý»ç¦ÞTò�å¿ägá�Þ�çÇá¦â�ÞÃã�ßGíGÞTñ�ß�ÝËá¦â�ÞÃÞTÝAîQåÑç�ß�ÝGì
ã�Þ�ÝQá#è�äµá¦â�Þ�ë�ä¦Þ�ç�ã�ßkî�ÞEä
åÑÝ!á¦â�Þ%ç�ÞTè�ñpïVß�ç�ñÑíùö!ûIâ�ÞSë�ä¦Þ�ç
é�è�ÝÎàÈßGé�ë?ä%ä©ßcñÁÞTñÁó[ßcÝsð�ë�åÁñ¿íGåÑÝ�ò�á¦â�Þ5ã�ßGíGÞ�ñµè�Ý�ísÝ�ß�á%ë�ä©ì
åÁÝ�òuè%ã�ß�ë�ä¦Þ�á¦ß�ágïVÞTè��Ìâ�ÞTç�îAåÁÞTï�æ?ßcåÁÝQá
ß�àVá�â�Þ#ã�ßGíGÞ�ñ<ø�è�ä
á¦â�ÞpîAåÁÞTï�æ?ßcåÁÝQáCå¿ä1è�ëGá�ß�ãÃèká�åÑéTè�ñÑñÁóÇë�æ^í�èká�ÞTí�á�ß2ð9ÞMç�Þ�òcåÑä©á¦ÞTç¦ÞEí
ï�åÍá�âSá¦â�Þ�ç�ÞTè�ñ�ïpßcç¦ñ¿í�ö
�|Ýµá�â�å¿ä�ã�ßAí�Þ�øká�â�ÞIá¦ç�è�é��AåÑÝ�òÇä¦óGägá�Þ�ãÃä�ã
ë?ägá�ð9Þ�æ�ç¦ßcæ?ÞTç¦ñÑó

é�è�ñÁåÑð�ç�èká¦ÞEí�ø�ß�çôÞTñÑä¦Þ
á�â�Þ�ç¦ÞTò�å¿ägá�ç�è�á¦åÑß�Ýuð9Þ�ágïVÞ�ÞTÝuá�â�ÞÃã�ßAí�Þ�ñ
è�Ý�í�á¦â�Þ�ç¦ÞEè�ñ�ß�ðb�gÞTéYá�äIï�åÁñÑñùð9Þ�æ?ßAßcçTö% Vè�ñÑåÑð�ç�è�á¦åÑß�Ý�åÁÝAî�ßcñÁîcÞTä
é�è�ñÑé�ë�ñÑè�á¦åÑÝ�òuá�ç�è�Ý�ä©àÈß�ç�ã�è�á¦åÑß�Ý�á�ßËð9Þ�è�æ�æ�ñÑåÑÞTí¾á¦ßËá¦â�ÞSæ?ßQä©åÁì
á¦åÑß�Ý[è�Ý?í!ßcç¦åÑÞ�ÝQá�èká¦åÑß�Ý ä©ÞTÝ�ä¦ß�ç#í�è�á�èËá¦ß�æ�ç�ß�æ9Þ�ç�ñÑó³ç¦ÞTò�å¿ägá�Þ�ç
á¦â�ÞÇò�ç�è�æ�â�åÑéTä�ï�åÁá¦â�á¦â�Þ&ç¦ÞEè�ñ9ïpßcç¦ñ¿í�ö 9 ÞÇâ�è_î�Þ&íGÞ�îcÞ�ñÑß�æ9ÞTí#è
é�è�ñÁåÑð�ç�èká¦åÑß�Ý#àÈç�è�ã,ÞTïpßcç]��ï�â�å¿é�â�è�ñÑñÁßkï\äpë�äVá¦ß,ë�ä¦Þ�è�ÝAó,ágóQæ9Þ
ß�à&ä¦Þ�Ý?ä©ßcç,è�Ý�í³é�è�ñÁåÑð�ç�èká�Þ#á¦â�Þ�ä¦óGägá�Þ�ã ä¦åÁã�æ�ñÑó�ë�ä¦åÁÝ�òËé�è�ñÁåÁì
ð�ç�èká¦åÑß�Ý�ñ¿è�Ý�í�ã�è�ç]�µè�Ý�í,îAåÁç¦á¦ë?è�ñ
C_ç�ÞTè�ñGç�Þ�òcåÑä©á¦ç�èká�åÁßcÝùömûIâ�å¿ä�å¿ä
á¦â�Þ�ßcð��gÞTé�á�ß�à�è
àÈë�á¦ë�ç�Þ�æ�è�æ9Þ�ç�ý�+�ÿÆö
3.2 Creating Construction PointsûIâ�ÞIë�ä©ÞTç�ã
ë�ä©á�é�ß�Ý�ä©á¦ç�ë�é�á�ä¦ß�ã�ÞVæ?ßcåÁÝQá�ä�è�Ý�í�ñÑåÑÝ�ÞTä�èká�íGåÁì
î�ÞTç�ä¦Þ2ñÑßGé�èká�åÁßcÝ�äpá¦â�è�á�ç¦ÞTæ�ç¦ÞEä©ÞTÝQápá�â�Þôî�Þ�ç¦á¦å¿é�ÞEäVß�àmá�â�Þôæ�ç�åÁã,ì
åÍá�åÁîcÞTä
á¦ß»ð?ÞSð�ë�åÑñÁáTö¾ûIâ�ÞEä©Þ�æ�ç�åÁã�åÁá¦åÑî�ÞTä�è�ç¦Þ�é�ç¦ÞEèká�ÞTí�á�Þ�ã,ì
æ?ßcç�è�ç¦åÑñÑó»íGë�ç¦åÑÝ�òËá¦â�Þ�ã�ßGíGÞ�ñ�é�ßcÝ�ä©á¦ç�ë�éYá�åÁßcÝ¾è�Ý�í!è�ç�Þ�ñ¿èká�Þ�ç
ç¦ÞTã�ßkî�ÞTíùö 9 Þ
ï�åÁñÑñmÝ�ßkïeñÑåÑä©á\á¦â�Þ�á¦ÞEé�â�Ý�å¿êcë�ÞTä\ïVÞ�â�è_îcÞ�åÁã,ì
æ�ñÑÞ�ã�Þ�ÝQá¦ÞEíµá¦ß�ä¦æ?ÞEé�åÁàÈó
á�â�Þ\ñÑßAéTèká�åÁßcÝ�ä�ß�à9á¦â�Þ2æ?ßcåÁÝQá�äTöo�|Ýµá�â�Þ
àÈß�ñÑñÁßkï�åÑÝ�ò?øu�¦ä¦Þ�ñÑÞTé�á¦åÑß�Ý,ç�è_ó��&ç¦Þ�àÈÞ�ç�ä1á¦ßôá¦â�Þ�ñÁåÑÝ�Þ\Þ�õAæ�ç¦ÞEä¦ä¦ÞTí
åÁÝ
ã�ßAí�Þ�ñ?ä¦æ�ècé�ÞVá¦â�è�áMæ�ècä¦ä¦ÞTä1á�â�ç¦ßcë�ò�â,á�â�Þ2é�ë�ç¦ç�Þ�ÝQá�îAåÁÞTï�æ?ßcåÁÝQá
è�Ý�í�á¦â�Þ�é�ë�ç�ä©ßcçIñÁßGé�è�á¦åÑß�ÝSß�ÝSá¦â�Þôä�é�ç�Þ�ÞTÝùö
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vKw.xzy|{~}���}��u�Uy|�"xq�"�b��{g��{g���3yD�l� �|ÝÎá�â�å¿ä�ã,ßGíGÞ»á�â�Þ
ë�ä¦Þ�ç�ÞTÝQá¦Þ�ç�ä�á¦â�ÞÌá¦â�ç�Þ�Þ�ìÆíGåÑã�Þ�Ý�ä¦åÑß�Ý�è�ñÇé�ßQßcç�í�åÁÝ�è�á¦ÞEäÃß�à
á¦â�Þ�Ý�Þ�ï[é�ßcÝ�ägá�ç¦ë?éYá¦åÑß�Ý,æ9ß�åÑÝcápë�ä©åÑÝ�òôá�â�Þ���ÞTóQð9ßcè�ç�í � ßcç
îAåÁç¦á¦ë�è�ñ���ÞTóAð?ßQè�ç�íl	µåÁÝ�è»á�Þ�õAá¦ð9ß_õ�öLûIâ�Þ%î�Þ�ç¦á¦Þ�õ è�æGì
æ?ÞEè�ç�ä
åÑÝ!á¦â�Þ�ã�ßGíGÞ�ñ�è�Ý?í¾é�è�Ý¾ð9Þ%ä©ÞTñÁÞEéYá¦ÞEí³ñÑå��cÞSè�ÝAó
ß�á�â�Þ�çpî�Þ�ç¦á¦å¿é�ÞEä�ß�à�á�â�Þ2æ�ç¦åÑã�åÍá�åÁîcÞTä�åÑÝÃá�â�Þ2ã�ßGíGÞ�ñ<ö�ûIâ�å¿ä
ã�ßAí�Þ�é�è�Ý»ð9Þ#ë�ä¦ÞTí»á�ß%Þ�ÝQá¦ÞTç�á�â�Þ/��ç�ägá�îcÞ�ç¦á¦å¿é�ÞEä�ß�à\è
ã�ßAí�Þ�ñ�á�ß%ë�ä©Þ#ècäôç¦Þ�àÈÞ�ç�Þ�Ý�é�Þ�æ?ßcåÁÝQá�äTø1ï�â�åÑé�â5ë�ä¦Þ�ç�ï�åÑñÑñ
ã�ßcä©áMñÁå��ÞTñÁó,â�è_îcÞ\ã�ÞTè�ä¦ë�ç�ÞTí,ï�åÁá¦â�è�á�è�æ9Þ2ã�ÞEè�ä¦ë�ç¦Þ�ßcç
ç�è�Ý�ò�Þ���Ý�í�Þ�çEö

vJ�u�"y|���b}�{�xz����{~y|�n{~}���xq�U�7� ��î�ÞTç©á�Þ�õôé�è�Ýôð9ÞMé�ç�ÞTè�á¦ÞEí�èkáá¦â�ÞpåÁÝQá�Þ�ç�ä©ÞEéYá¦åÑß�Ý�ß�àGá¦â�ÞIä¦Þ�ñÑÞTéYá�åÁßcÝ�ç�è_óôè�Ý?íôá¦â�ÞVä©ë�ç©àWècé�Þ
åÍáG��ç�ägáÇåÁÝQá�Þ�ç�ä©ÞEéYá�ä2åÁÝÌá¦â�Þ,ã�ßGíGÞ�ñ<ö�ûIâ�åÑä&æ�ç�ßkîAåÑíGÞEä�á�â�Þ
ë�ä¦Þ�ç1ï�åÍá�âµïIè_óÇá¦ßÇñÁßGé�è�á¦ÞVÝ�Þ�ï¾î�Þ�ç¦á¦å¿é�ÞEämßcÝ�á�â�Þpòcç¦ßcë�Ý�í
ß�ç\ßcÝuè�ÝAó�ä©ë�ç¦àWè�é�Þ�ß�à�á�â�Þ�ã�ßGíGÞ�ñ<ö : ßcç2Þ�õGè�ã�æ�ñÁÞcø�á�â�Þ
é�ßcç¦Ý�ÞTç�äCß�à9è2ï�åÑÝ�íGßkï!ß�Ýµè&ïIè�ñÑñQß�à9è&ð�ë�åÑñÑí�åÁÝ�ò�è�ñÁç�ÞTècíGó
åÁÝSá�â�Þôã,ßGíGÞTñmé�è�Ý�ð9Þ�ñÑßAéTèká�ÞTíSë�ä¦åÁÝ�ò,á�â�åÑä2é�è�æ?è�ð�åÑñÁåÁágó�ö

vK�%xq�"{g��xq����{~y|��{g}(�nxz�Y�%� ûIâ�å¿ä�ã�ßGíGÞ�è�ñÑñÑßkï\äôá¦â�Þ�ë�ä©ÞTçá¦ß%é�ç�ÞTè�á¦Þ�èSî�Þ�ç¦á¦Þ�õÌèkáôá¦â�ÞÃåÁÝQá¦ÞTç�ä¦ÞTé�á¦åÑß�ÝËß�àVágïpß�é�ßcÝGì
ägá�ç¦ë?éYá¦åÑß�Ý�ñÑåÁÝ�ÞTäTö�Tpè�é�â[é�ßcÝ�ä©á¦ç�ë�éYá�åÁßcÝ ñÑåÑÝ�Þuå¿ä�è�í�íGÞTí
ðAó,æ9ß�åÑÝQá¦åÑÝ�ò
ßcÝ�á¦â�Þôä�é�ç�Þ�Þ�Ý�á�ßµéTè�ä©áVè�ç�è_ó � : åÁòcë�ç�Þ�1~	�ö
TMècé�â�Ý�Þ�ï�ñÑåÁÝ�Þpå¿ämåÑÝQá¦ÞTç�ä¦ÞTé�á¦ÞTí�ï�åÍá�â�á¦â�Þpæ�ç�Þ�îAåÑß�ë�ämñÁåÑÝ�ÞEä
á¦ß!Þ�î�ÞTÝQá¦ë�è�ñÁñÑó�é�ç�ÞTè�á¦ÞÌæ9ß�á�Þ�ÝQá¦å¿è�ñÑñÑó�ä¦Þ�îcÞ�ç�è�ñÇåÁÝQá�Þ�ç�ä©ÞEéYì
á¦åÑß�Ý æ?ßcåÁÝQá�äÃèká#èuá�åÁã�Þcö��(ñÑåÁÝ�Þ%åÁÝQá¦ÞTç�ä¦ÞTé�á¦åÑß�Ý!åÑäÃíGÞ�ì
á¦ÞEéYá¦ÞEí�ï�â�Þ�ÝSá�â�Þ
íGå¿ägá�è�Ý�é�Þ�ð?Þ�ágïpÞTÞ�Ý�ágïVßÃñÁåÑÝ�ÞEä�åÑä\ð?Þ�ì
ñÁßkï[è
ë�ä©ÞTçMá�ë�Ý�è�ð�ñÁÞ&îkè�ñÑë�Þ�ö�ûIâ�å¿äVã,ßGíGÞ&ç¦ÞEêQë�åÁç�ÞTä�á¦â�è�á
ç�è_óGä�ãµë�ä©áµð9Þ�é�ècägáµàÈç¦ßcãÂè�áµñÑÞTècägá�ágïVßÌñÑßGé�è�á¦åÑß�Ý�ä�á¦ß
æ�ç�ßkîQå¿íGÞÃè�Ý�åÑÝQá¦ÞTç�ä¦ÞTé�á¦åÑß�Ýùö 2 ÞTé�è�ë�ä¦Þ�á¦â�ÞSí�èká�è�ð�ècä©ÞÃå¿ä
ä©â?è�ç�ÞTí�á¦â�å¿ä2éTè�Ý�ð?ÞµíGß�Ý�Þ
ðQó�ágïpß#é�ßAß�æ9Þ�ç�èká¦åÑÝ�ò�ë�ä¦Þ�ç�ä
àÈç¦ßcã á¦â�Þ�åÑçuç¦ÞEä©æ9ÞTé�á¦åÑî�Þ5îAåÁÞTï�æ?ßcåÁÝQá�ä�ö : ß�ç%Þ�õGè�ã�æ�ñÁÞcø
ágïpß�ë?ä©ÞTç�ä�æ9Þ�ç¦àÈß�ç�ã�åÁÝ�ò��gë?ägápàÈß�ë�çMä¦Þ�ñÑÞTé�á¦åÑß�Ý�äMé�è�Ý�å¿íGÞ�Ý�ì
á¦åÁàÈó#á�â�Þ�é�ßcç¦Ý�ÞTç�äVß�àmá¦â�ÞôàWè�é�Þ�ß�à1è,ð�ë�åÑñ¿íGåÁÝ�ò�ö
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Figure 4. Lines intersection technique. Here
two users (the current user’s position is de-
noted by the compass rose at the center of
the screen, the remote user’s avatar is shown
as the light gray box with the label “EP-
SILONUser”) are shooting rays in the envi-
ronment by pointing a common point on the
real world (not shown here). The result is that
the point they identified (bottom right corner
of window 27) is created in 3D. Note that a
single user could do this operation from two
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Figure 5. By giving the distance from three
points (4, 5 and 8), two points are possible
solutions. The lower point in the image is
currently selected.

Figure 6. By loading a bitmap on the ground
representing a floor plan, the user can locate
vertices by creating intersection points with
the bitmap, drawing the contour and extrud-
ing the walls.
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3.4 Modifying The Model
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Figure 7. The test environment. The 3D model
was constructed for an augmented reality test
bed and the geometry of the laboratory is
known very precisely.
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Figure 8. Creating a model of the workbench.
(a) The user aligns cross with corner of work-
bench and a previously entered intersection
line; (b) A second line is made and a construc-
tion point formed; (c) A construction point se-
lected as part of the quad; (d) The final model.

Figure 9. The resulting model. The true model
is the lighter gray line, the measured model
the darker gray line.
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