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CU^UCAE a-bdc�CAE C?[ [ [ W

❚ o<gAE4nqprCAF Q!CAEs>AV�hkQ!CAF VmtlE NPF n�CA_\HJR?OA@T@T>AV?F e�gUNPF OAVTOUGLNPc�CmtlE N W
❚ =?>An->AVUG N Q!Q�u!CAV�gAE4F O
❚ vLCA>UNPF DACAELwZN gAV�h
❚ tlVUG OAE hACAE4>AV�DACAVTgAVkxAKAF M?>AF N yAE CmtlVUbqCAV�h?>AV�DACAV
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❚ íAF VUG xAcAE4>AV�DîF VTh?F Ck{?OAV�u!CASUN Ck>AV�hî|AE OAKA_ CA@8Cf^UOAV
ILKAF M?>AF N OA>AQ<R�OA@TSA>UNPF V�D

❚ ï?C�gA_ F Q-F CAE4>AV�DîF VkvLgAE hZbqgAE CASAE OUN OUN aZS�CAV
❚ ðlc�CTR?OA@TSA>UN CAELwAe-F CAV�e�CTOZGiILKAF e-OA@TS
❚ |AE4F ^UgUN Q�SAc�yAE CThAC�Q6o<CAV�Q!e-c�CAVk>AV�hkhACAEsz-OAE N Q!e-cAE4F N N
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❚ tl>�Q!DAgAV�DAQ�K�g�Q-F QAXZtlVUNPcAE OASAOA_ O�D�F Q!e-c�CftlE4K�CAF N Q!Q�NP>�h?F CAV?[
❙ R?OA@TSA>UN CAELQ�N CAc�CAVkF @�o8F N N CA_ SA>AVAnJNigAV�Q�N gUN NjVA>AELCAF V
prCAE4n�u!CA>�Dku�>TQ!C?F V

❚ =?F CA_\^ZOAVkILKAF M?>?F N OA>�Q6R?OA@TSA>UNPF V�DsX?BACAVA>UN u�>AV�Df^ZOAV
R?OA@TSA>UN CAE4VTOAcAV�CkQ�F CTu�>kQ!CAc�CAVkK�u�bm[ [?OAcAV�CThAg�Q�Q6@8gAVTQ-F e-c
K�CUbd>AùUNjF Q�NiCAF V�CAVTR�OA@TSA>UN CAELu�>kK�CAVA>UN u!CAV?[ [ [

❚ =?>An->AVUG N Q�^ZF Q�F OAVm^ZOAVk|Utlï?R�XZú�C�hACk|�CAE Q�OAVkn�gAVAVk@kF N
vs>AV�hACAE N CAVTh?E gAcUNP_ O�QÒ^UCAE4V�CUN u�N CAVTR?OA@TSA>UN CAE4VkF VUN CAE g�D?F CAE CAV
OAcAV�CTQ-F CmbqgAcAE u�>AV�CAcA@8CAV?[
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❚ vLgA>ASUNPSAE OAKA_ CA@îX�
LCAELR?OA@TSA>UN CAELQ!O?_ _-gA>AQ<hACA@�B�_ F e-nJG C?_ h
^UCAE Q!e-cUbdF V�hACAV
❙ {ACAF V�Ckz�E g�DACThAC�Q<]2VUN CAE G g�e�C�Q����sI�]��4`�Q�OAV�hACAE4VThACAE
vLgAE hZbqgAE C

❙ íAF V�Ckz�E g�DACThAC�Q6íAE Q!e-c�CAF VA>AV�D?Q�KAF _ hACAQ<hAC�Q6R?OA@TSA>UN CAE Q
>AV�hkhACAEL]2VUN CAE gAnJNPF OAVk@TF Nih?F C�Q!CA@

❙ o6>A_ NPF @8C�h?F gm^ZQ-[?ILKAF M?>AF NPOA>�Q6R?OA@TSA>UNPF V�D
❙ wZN gAV�h������?}?X��lï~n�OA@k@dNihACAEL]4hAC�Cm^UOAVkILKAF M?>?F N OA>AQ
R?OA@TSA>UNPF V�DkgA@�V�y�e-cAQ�N CAV
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❚ z-OAE hACAE4>AV�Df^UOAVk|Utlï?RsX�ILKAF e�O?@TSTQ!O?_ _�V?F e-cUNihACAF V�CT=�F CA_ CmG xAE
h?F e-cTCAE4_ C�h?F DACAV�� bmF CTCAF VftÆQ�Q�F Q�N CAVUN��4`�Q!OAV�hACAE4VTh?F Esc�CA_ G CAV
� h?F e-ckK�CUG yAcAF DACAV��sh?F CAQ!CTu�>TCAE4E CAF e-c�CAV?[

❚ �ÆOAE DACAc�CAV�Q�bqCAF Q!C�X?]2V�Q�SAF E4F CAE NL^ZOAVmtl_ _ N g�DAQ!DAC�DACAV�Q�N yAV�hACAV�`�h?F C
]2VUG OAE4@8gUNPF OAV�CAVf^UCAE4@TF N N CA_ V�X
➪ �-F ^UCAK�O�gAE h�� bmF Cko<g�D?V�CUN N gUG CA_ �
➪ |�g�h � bmF C��LOUNPF u�K?_ O�e-n
�
➪ ðÆgAK �4|�OAQ�N  2F N �

❚ |Utlï?RsXYú�C�hACAELQ!O?_ _ N C%�"!m�!�#!d���A�ThAgU^UO?VTu�>AE$�ÆCAE G x�D?>AV�D
c�gAK�CAV
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❚ ðÆCAF _\^UOAV%�-[?|Ac�gAQ!CThACAEsILKAF e�OA@TSkz�OAE Q!e-cA>AV�D
❚ ðÆOA>�e-c�Q!e-E C�CAV�`,+TB?>UN N OAVAQ
❚ p F E CA_ C�Q�Q!`Ln�OA@T@T>AV?F u-F CAE Nj@TF NLprOAE4n�Q�N gUNPF OAV�Q6xAK�CAEL]2ï� 
wAe-cAVAF N N Q�N CA_ _ C

❚ �ÆOAE N CAF _ CLX
❙ |�OAE N gAKAF _ F N yUN
❙ S�CAE4@8gAV�CAVUN C-�ÆCAE4KAF V�h?>AV�D
❙ ��OAn�gA_ F Q-F CAE4>AV�DîF Q�NjF @k@8CAEsK�CAn�gAVAVUN
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❚ p F CmbqCAF NihAgAE GlhACAEsz-OAE N Q!e-cAE4F N NjF VTh?F Ck|AE4F ^UgUNPQ�SAc�yAE CThAC�Q
o<CAV�Q!e-c�CAVTCAF V�h?E4F V�DACAV"!

❚ 
s>AE e-cTh?F C�
LgUN CAVAn�OA@T@T>AVAF n�gUNPF OAVkn�gAVAVThACAELwZN gAV�hAOAE NihAC�Q
�LCAE yUN C�Q��4BACAVA>UN u!CAE Q8�sCAE4@TF N N CA_ NLbqCAE hACAV?[

❚ í�Q<D?F KUNjn�CAF V�C%���A�"# ðÆC�e-cAVAOA_ O�D?F CA_ $�Q�>AV�D G xAELh?F CkSAE4F ^UgUN C
w?F e-c�CAE4c�CAF N `�h?F Cmtl>UG DAgAK�CThACAElðÆC�e-cAVAF n�CAEsF Q�N `�Q!O?_ e-c�C
wZaUQ�N CA@8CTu�>TCAVUN bdF e�n�CA_ V�`�h?F CkSAE4F ^UgUN CTw?SAc�yAE CTQ!e-cAxUN u!CAV?[

❚ 
sF Cmtl>UG DAgAK�CThACAE,�LCAQ!CA_ _ Q!e-c�gUG N `�h?F CkQ�F e-c�CAE Q�N CAVTwZaZQ�N CA@8CTu�>
bqyAcA_ CAV?[
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❚ tl_ _ DAC�DACAVUbqyAE NPF DAC
CA_ CAnJNPE OAVAF Q!e-c�C
tÆQ!Q-F Q�N CAVUN CAV
xAK�CAE4V�CAcA@8CAV
ï?OA>UNPF V�C�h?F V�DACThAC�Q
N y�D?_ F e-c�CAV���CAK�CAV�Q
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❚ ILVUN CAE bqC�DAQ�X?íAF VTh?E gAcUNP_ O�Q!CAEs|�
lt ��F VTCAF VkvLgAV�hZafF VUN C�D?E4F CAE N �
K�CAn�OA@T@dN u-[ B�[Ah?F CmbmF e-cUNPF DACAVk{?>AV�hACAV�hAgUN CAV�`
wACAE ^ZF e�CA>AVUN CAE4_ g�DACAVk>AV�h�
sF g�D?V�O�Q!CUbqCAE4n�u!CA>�DACf^UOA@
]2VUG OAE4@8gUNPF OAVAQ!QJaUQ�N CA@�hAC�Q8ILVUN CAE4V�CAcA@8CAV�Q-[

❚ tl>UGlhACA@�|�gAE4n-SA_ gUN u�X�
LCAEs|�
lt n-OASAS�CA_ NiQ-F e-ckF VThACAV

sF g�D?V�O�Q!CAE C�e-cAV�CAELhACAELhACUG CAnJN CAVkz-CAE NPF D?>AV�DAQ!gAVA_ g�DACTCAF Vk>AV�h
F VUG OAE4@TF CAE NjxAK�CAEsK�CAV&$UNPF DZN CkíAE Q!gUN u�N CAF _ C?[

❚ �ÆOAE('<E NJX��LOUN bqCAV�h?F DACkvsF VUbqCAF Q!CTu�>?@ tl>�Q�N gA>AQ!e-cThACUG CAnJN CAE
ðÆCAF _ CmbqCAE hACAVkxAK�CAELh?F C�
LgUN CAVAKAE4F _ _ CTCAE4c�gA_ N CAV?[�
sF gA_ O�Dî@TF N
hACA@ 
sF g�D?V�O�Q!CAE C�e-cAV�CAELhACAEltlVA_ g�DACk>AV�hîc�CAF @8gUNP_ F e-c�CAE

LgUN CAVAK�gAVAn�[
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❚ íAF VAn�gA>UG CAVLX?íAF Vk@TOAKAF _ CAEsíAF VAn�gA>UG Q!g�Q�Q�F Q�N CAVUN:�4|�
lt$�sD?_ CAF e-cUN

sF CkíAF VAn�gA>UG Q�_ F Q�N Ck@kF NihACA@�vLgA>�Q!e-OA@TSA>UN CAELgAK?[

❚ ]2@�w?>AS�CAE4@8gAE4nJNJX�
sF CkíAF VAn�gA>ZG Q�_ F Q�N CmbmF E hkgA>UGlhAg�Q
��gU^ZF DAgUNPF OAV�Q�Q�aUQ�N CA@�gA@(íAF VAn�gA>ZG Q�bqg�DACAVkxAK�CAE NPE g�DACAV

❚ {Ag�Q!Q!CAVAK�CAE CAF e-c�X�n�CAF V�CmprgAE N C�Q!e-c?_ gAV�DACAV�`�hAgTh?F CmprgAE CAVkF V
n-xAE u!C�Q�N CAEL=ACAF NjxAK�CAEsF cAE CkíUNPF n�CUN N CAVUNPE gAV�Q�S�OAV�hACAEsE C�D?F Q�NPE4F CAE N
bqCAE hACAV

❚ 
LCAEsíAF VAn�gA>UG Q!gAQ!Q-F Q�N CAVUNjSAE4xUG NihACAVT]2VAc�gA_ NL^ZOAVk|AE O�h?>AnJN CAV
gA>UGi@)$�D?_ F e-c�Cmti_ _ CAE D?F CAV�`LK�C�Q!e-c�gUG G Nih?F CTCAE G OAE hACAE4_ F e-c�C
]2VUG OAE4@8gUNPF OAVkK�C?F @�vLCAE Q�N CA_ _ CAE2[
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❚ =?>Ac�gA>�Q!C�X�
LgAQ<CA_ CAnJNPE OAV?F Q!e-c�Ck{?O�e-cAKA>�e-cTCAE4n�CAVAVUNih?F C
��CAK�CAV�Q�@TF N N CA_ VTgAVAc�gAV�hkhACAQ6F VTh?F C �ÆCAE4S�g�e-n->AV�D
F VUN C�D?E4F CAE N CAVmðlE gAV�Q�S�OAV�hACAE Q-[

❚ +LK�CAE4SAE4xUG >AV�DkgA>UGiz�E4F Q!e-c�Ck>AV�hîBAgAnJN CAE4F CAVAK�CUG gA_ _ [
� �LCAE4>�e-c�Q�Q!CAV�Q�OAE CAV��

❚ 
LCAEsvLgA>�Q�E C�e-cAV�CAELQ�NPF @T@dNihACAVTOASUNPF @8gA_ CAVT=AC?F NPSA>AVAnJNihAC�Q
tlK�CAV�hAC�Q!Q!CAVAQ<gAK

❚ 
Lg�Q<CA_ CAnJNPE OAVAF Q!e-c�Ck{?O�e-cAKA>�e-ck@8g�e-cUNiCAF VAF DAC
o<CAVAxU^UOAE Q!e-cA_ y�DACk@kF NjBACAE4x�e-n�Q�F e-cUNPF D?>AV�Df^ZOAVm^ZOAE4c�gAV�hACAV�CAV
��CAK�CAV�Q�@TF N N CA_ Vk>AV�h �ÆOAE4_ F CAK�CAVf^UOAVkBACUbdOAcAV�CAE4V?[
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❚ 
sF CTwAe-cAE CAF KUNPF Q!e-cASA_ gUN N CTQ�N C?_ _ NjxAK�CAELCAF VTh?E gAcUNP_ OAQ
DACAn�OASAS�CA_ N C�Q���gAcAK�CAE CAF e-c�Q�V�CUN u<gA>UNPOA@8gUNPF Q!e-ck{?OAVUN gAnJNiu�>A@
|�R~c�CAEs>AV�hkD?_ CAF e-cUNih?F CAV�Q�N�_ F e-c�Ck>AV�hîSAE4F ^UgUN C

LgUN CAVAK�C�Q�N yAV�hACTgAK?[

❚ íAF VA_ O�DAD?>AV�Dî@TF NjvsF _ G CTCAF V�CAQ6z�F V�DACAE4SAE4F VUN  4wACAV�Q!OAE Q6K�C?F-hACAE
BAgAVAn

❚ BAC�Q�N yUNPF D?>AV�DkhACAEltl>UG NPE y�DACk@TF NjILVUN CAE Q!e-cAE4F G NigA>UGlCAF V�CA@
�sE gUG F nJN gAKA_ CUN N `�hAg�Q<gA>�e-cTwAe-cAE CAF K�h?E4>�e-n8>AV�h�
laZV�gA@TF n
CAE G g�Q!Q�Nj>AV�hf^UCAE Q!e-cA_ xAQ!Q!C?_ NigAVTh?F CkBAgAVAnTxAK�CAE NPE y�DZN�[

❚ z-OAE NP_ gA>UG CAV�hkgAnJNP>�gA_ F Q�F CAE N CTCA_ CAnJNPE OAV?F Q!e-c�CT=AC?F NP>AV�D
Ubiquitous Computing 20

%k96è696:�ó������<÷L38:<ë87�14� �����

❚ ï?gA>A@8Q!CAV�Q�OAE4F n8E C�D?>A_ F CAE Njï?gA>A@Tn�_ F @8gk>AV�hîBAC?_ CA>�e-cUNP>AV�DkhACAV
p xAV�Q!e-c�CAVTCAVUN Q�SAE C�e-c�CAV�h

❚ 
Lg�Q6z-CAE4V�Q!CAcASAE O�D?E gA@T@�gA>UGlCAF V�CA@�z�OA_ F CAV�h?F Q�S?_ gUaU`ÆbqCA_ e-c�CAQ
gA>�e-ck{?>AE u�V�g�e-cAE4F e-cUN CAVTCA@TSUG gAV�DACAVkn�gAVAV?[

❚ 
sF CkBACAE4xAcAE4>AV�DkhACAELDACUbqyAcA_ N CAVk|AE O�D?E gA@T@8u!CAF _ CTQ!e-c�gA_ N CUN
hACAVkz-CAE4V�Q!CAc�CAEs@TF Nih?F C�Q!CA@�|AE O�D?E gA@T@�CAF V?[

❚ z�E g�DAC�XA]4Q�NiQ!Ofbqg�QÒbmF E4n-_ F e-ckVAOUN bqCAV�h?F D !

Ubiquitous Computing 21

�î��ë87����#���U3�*<���

❚ �
	�� 
����
�
	������
	�� 
��
❚ ��� ��� � � �-��� �4�2�!�4 ¬������ � � A��A¥��-�� �!�����!� � A��!¬����
❚ ¬-� ����� � ���4�C �-��������� �4��� � �-�
❚ �4��� ¨ � � �-� ������� �2� ��� ���!¬��� ��� � �l��� �4�

Ubiquitous Computing 22

�~389��A3

❚ o<OAKAF _ N CA_ CZG OAV
❚ @8OAKAF _ Cko6|�+
 2o6>�Q�F n
❚ F VUN CAE gAnJNPF ^UC�Q6z-CAE4V�Q!CAc�CAV
❚ vLCAF @8e�OA@TSA>UN CAE ` vLOA@8CAK�gAVAn-F V�D
❚ ^ZF CA_ G y?_ NPF DACkF VUN CA_ _ F DACAVUN CTwZN CA>�CAE4>AV�DACAVkF @�vLgA>AQ
❚ íA_ CAnJNPE OAVAF nTF @ tl>UNPO
❚ vLgAV�hACA_�F @�]2VUN CAE4V�CUNj>�Q�bm[
❚ �lF CA_ Ckí?F V�u!C?_ SAE O�h?>AnJN C�� ]2VAQ!CA_ _ $�Q�>?V�DACAV��sQ-F V�hîK�CAE CAF N Q
CAE4c�yA_ NP_ F e-cTO�hACAELgA_ Q6|AE OUN OUN aZS�CAVm^UCAE G x�D?K�gAE `�gAK�CAELhAg�Q
�LC�Q!gA@dN QJaUQ�N CA@�_ yAQ!Q�NigA>ZGlQ-F e-cmbqgAE N CAV?[

Ubiquitous Computing 23

ç�:�ó-�87-56387�96:<;638:�ë8:�56143 ø87-�65896è��A3(56387
%k96è696:�ó��

❚ w?F NP>�gUNPF OAV� �>AV�h��-O�e�gUNPF OAV� t?bqgAE CAV�CAQ!Q
❚ z-yAcAF D?n�CAF Niu�>AELwACA_ K�Q�NPn-OAVUGPF D?>AE gUNPF OAVk>AV�h +LK�CAE bqg�e-cA>AV�D
❚ z-CAcA_ CAE N OA_ CAE gAV�u
❚ o<CAV�Q!e-c� 2o<g�Q!e-cAF V�C  4wAe-cAVAF N N Q�N C?_ _ CAVkK�CAn-OA@T@8CAVTC?F V�CkV�CA>�C
BAC�hACA>UNP>AV�D�[�
sF CkíA_ CAnJNPE OAVAF nqNPE4F N NjF VThACAVkv�F VUN CAE D?E4>AV�hA`
BAC�h?F CAVA>AV�DAQ!gAVA_ C?F NP>AV�DACAVmbqCAE hACAVkxAK�CAE G _ x�Q!Q-F D�[

❚ {?xAVUG NPF DACmtlVUbqCAV�h?>AV�DACAVmbqCAE hACAVTgA>UGlhACAEsvLgAE hZbqgAE C�Q!CAF N C
h?>AE e-ckV�CA>�CT]2VUN C�D?E gUNPF OAV�Q�N C�e-cAV�OA_ O�D?F CAVkK�C�CAF VZG _ >�Q�Q�N `�gA>UGlhACAE
wAOUG N bqgAE C�Q!CAF N CkQ!CUN u!CAVTQ-F e-ck@8O�hACAE4V�C-�ÆCAE G gAcAE CAVmbmF C
wACA_ K�Q�NPn�OAVZG F D?>AE gUNPF OAV�`�wACA_ KAQ�N h?F g�D?V�OAQ!Ck>AV�hkwACA_ KAQ�N bqgAE NP>AV�D
h?>AE e-c

Ubiquitous Computing 24

ç%58õ<��*����~367�:<3<�A÷s96:<;

❚ w?S�OAVUN gAV�Ck>AV�hî@8CAF Q�NLN CA@TS�OAE yAE C-�ÆCAE4V�CUN u�>AV�Df^ZOAV
h?E gAcUNP_ O�Q!CAVkS�OAE N gAKA_ CAV�`�gAK�CAELgA>�e-cTQ�N gUNPF OAV�yAE CAV��LCAE yUN CAVmG xAE
w?SAE g�e-c� 4`,
LgUN CAV� �>AV�hîo6>A_ NPF @8C�h?F gAn�OA@T@T>AVAF n�gUNPF OAV�`�h?F CîF V
E yA>A@T_ F e-c�C���yAc�Cku�>�CAF V�gAV�hACAELDACAKAE g�e-cUNLbqCAE hACAV?[

❚ 
sF CTQ�S�OAVUN gAV�C �ÆCAE4V�CUN u�>AV�DkCAE4@)$�D?_ F e-cUNihACAVkn->AE u�G E2F Q�NPF DACAV
>AV�hîSAE CAF Q�bqCAE N CAVmtl>UG K�gA>kE yA>A@T_ F e-cTgA>AQ!DAC�hACAcAVUN CAE
��CUN u!Q�NPE4>AnJNP>AE CAVk>AV�hkQ!OA@kF Nih?F Ck{?OA@T@T>AVAF n�gUN�F OAVkxAK�CAE
@8CAcAE CAE C �LCAE yUN CkcAF VUbqC�D�[

❚ tlVUbqCAV�h?>AV�DAQ�K�CAE CAF e-c�C�XA]2VAcAOA>�Q!C� 4]2VZG OAE4@8gUNPF OAV�Q� 
!PwZN CA>�CAE4>AV�DAQ� �>AV�h '<E NP>AV�DAQ!Q�aUQ�N CA@8C
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ì�36ë87-ë8�6043��~�8�(�69��A387��

❚ 3���¬ I��-�-� ¨ ���4��� �2���!���Z¬-� �¬-� ����� � ���4� C �-��������� �4��� � �-�
� �i� �4�2�!���s���%�s���!�4�2�-� � �2�!���C D-� �!��������� � �!�����!���C �-���!�-�!����� �����8>A� ��� ¨ ���2�2� �!¬
�2���!�����!���- 
❙ 5 � � ����� � ���4��¡L� �2� �-���!�-�!�
❙ 5 � ��� ��� ¨ � � � � �
❙ 5 � � ����� � ���4� � ��� ��D-� ���
❙ 5 � � ����� � ���4�1F����!�4�-� ���
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0k�65��
ç�7-36ë��~3<�����87�è �
	��

❚ wACUN u�Nih?F CTh?E gAcUNP_ O�Q!Ck{?OA@T@T>AVAF n�gUNPF OAVku�bdF Q!e-c�CAV
{AOA@TS�OAV�CAVUN CAV�`�h?F CTgA@�{ $AE4S�CAELDACUNPE g�DACAVTO�hACAEsF VmðÆC��-NPF _ F CAV
F VUN C�D?E4F CAE NLbqCAE hACAVm^UOAE gA>�Q-[

❚ íAF V�Q!gUN u�@ $�D?_ F e�cAn�CAF N CAV�X
❙ o<C�h?F u�F V�X�+LK�CAE NPE g�D?>AV�DkhACAEs{"$AE4S�CAE4S�g�E gA@8CUN CAElbdF C
B?_ >UN h?E4>�e-n�`L|A>A_ Q!`ÆðÆCA@TS�CAE gUNP>AE `(+LK�CAE N E g�D?>AV�Df^UOAV
|�gAE gA@8CUN CAE4VThACAEs{"$AE4S�C�E4F @TSA_ gAVUN gUN C�`�wACAc� �>AV�h
v($AE4cAF _ G CAV?[

❙ tlE4K�CAF NJXA]2V�Q�NPE4>AnJNPF O?V�CAVmG xAEso<OAVUN CA>AE CkF VThACAEsz-CAE NPF D?>AV�DA`
H�w?F VAV�C�Q!Q!e-cAV?F N N Q�N CA_ _ C\WmF VThACAEso<OAKAF _ N CA_ CUG OAVAF C�`�=?>�DAgAV�DAQ� 
>AV�hk]4hACAVUN Q�aUQ�N CA@8CTh?>AE e-ckíAE4n�CAVAV�CAVkF V�h?F ^ZF h?>�CA_ _ CAE
|�CAE4F SAc�CAE4F C�DACAE yUN C?[

Ubiquitous Computing 27

0k�65��
ç�7-36ë��~3<�����87�è �����

❚ z�E CAF u!CAF NJX?o6>�Q-F n->AVUN CAE4c�gA_ NP>AV�DA`,��gU^YF DAgUNPF OAVîF @ tl>UN OkO�hACAELu�>
z�>Aù�`Lo6>�Q!CA>A@8Q� sO�hACAELwZN g�hZN G xAcAE CAE `L|A>A_ Q�@8C�Q!Q!CAEsK�CAF @
ú�O�DAD?F V�DA`(+LK�CAE bqg�e-cA>AV�Df^UOAVk{�F V�hACAE4V�`�h?E gAcUNP_ O�Q!C��LCA_ h?n�gAE N C
@TF NLtlV�u!C?F DACThACAEs_ CUN u�N CAVmðlE gAV�Q!gAnJNPF OAV�CAVkQ�OUbdF CmtlKAE4>UGlhACAQ
ï?C�Q�NPK�CUNPE g�DAQ-[

Ubiquitous Computing 28

�~�87��A3612043

❚ Q�N $AE Q�F e-c�CAE C +LK�CAE NPE g�D?>AV�DA`ÆbqCA_ N bqCAF N CT=?>A_ g�Q�Q�>AV�D
❚ n�CAF V�C��-F u!CAV�Q-F CAE4>AV�DA`�DACAE4F V�DACTwACAV�hACA_ CAF Q�NP>AV�D
❚ CAF VUG g�e-c�C���CUN uJbqCAE4n�OAE DAgAVAF Q!gUNPF OAVTh?>AE e-ckBAg�Q-F Q!DACAE yUN
❚ C��-NPE CA@8Cko6F VAF gUNP>AE4F Q�F CAE4>AV�D
❚ KAE CAF NPK�gAV�h?F DAC���gAcAK�CAE CAF e-c�Q�n�O?@T@T>AVAF n�gUNPF OAV
❚ F VUN CA_ _ F DACAVUN Ck|�CAE4F SAc�CAE4F C�DACAE yUN C�`,��OUb  2|�OUbqCAE  2{AOAV�u!CASUN C
❚ @8C�e-c�gAVAF Q!e-c�Ckz�_ C��Y@8gUN CAE4F gA_ F CAVTg?_ Q6BAgAQ�F Q�@8gUN CAE4F gA_ F CAVmG xAELh?F C
wZaUQ�N CA@TF VUN C�D?E gUNPF OAV

❚ CAF VUG g�e-c�Ck{AgAV�gA_  2>AV�h��<>�CA_ _ e�O�h�F CAE4>AV�Dî@TF NiQ�n�g?_ F CAE4K�gAE CAV

LgUN CAVAE gUN CAVkKAF Q<u�>k}	���kn-B?F N !�Q

Ubiquitous Computing 29

ç�:6�612:<5896:<;�é<�8:�
�ë8õ67-÷L389<;638:�ë8:�;804�8�<ë8043
�!:�ó-�87���ë<�A14�8:��612:�ó�7-ë<�s�?7�96è��?967-38:

•Fahrzeuginterne Kommunikation
•Kommunikation Fahrer-Fahrzeug
•Kommunikation des Fahrzeuges mit 
seiner Umwelt
•Anbindung des Fahrzeuges an 
globale Netze 
•Anbindung der Insassen an globale 
Netze (über das Fahrzeug)
•Kommunikation und 
Informationsaustausch innerhalb des 
Fahrzeugs

Ubiquitous Computing 30

�~389<3�
��87���38:
ó�ô67 �~ë8:<5���)Tø %8ç ) G�ë8���A�8�

❚ íAV�hADACAE yUN CmbqCAE hACAVk>AV�Q�F e-cUNPK�gAE
❚ >AV�Q�F e-cUNPK�gAE C�`L@TF N CAF V�gAV�hACAEl^UCAE4V�CUN u�N C
{AOA@T@T>AVAF n�gUN�F OAVAQ�G >AVAnJNPF OAV�CAVkK�CAF�@TOAKAF _ CAElðÆCA_ CUG OAV?F C�X
❙ w?SAE g�e-c�CAF V� �>AV�h� 4gA>�Q!DAgAK�CkF VTwAe-cA@T>�e-n�Q�NPx�e-n�CAVTgA@�vLg?_ Q
>AV�h '<cAE

❙ wACAV�hACAE !�íA@TSUG yAV�DACAEsF VTQ�F e-c�CAE CAEsíAVUN G CAE4VA>AV�Df^UOAV
Q�NPE gAcA_ >AV�DAQ!CA@TSUG F V�h�_ F e-c�CAV���CA>AE O�u�OAV�CAV

❙ íAV�CAE D?F C�Q�S�CAF e-c�CAE4>AV�Dî>AV�hîíAV�CAE D?F C�CAE u!CA>�D?>AV�DîF VThACAE
{?_ CAF h?>AV�D

❙ hAg�Q�
sF Q�SA_ gZamgA@�vLgAV�hADACA_ CAVAn
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�!:��A38020414;638:��A3 ê�38:���*8õ �!ê�ë<��*8õ612:<3��
��*8õ6:61 �������A3802043

❚ R?OA@TSA>UN CAElbqCAE hACAVk@TF NiwZNPF @T@8C�`L@TF NjvLgAV�h� �>AV�h
tl>�DACAVAK�CUbqC�D?>AV�DA`L@TF NihZaZV�gA@TF Q!e-c�CAVîíAF V�DAgAK�CAVkxAK�CAE1
sE4>�e-n
Q!OUbdF Cî@TF N:�LC�Q�N CAVTDAC�Q�N CA>�CAE N�[

❚ ]2VUN CAE gAnJNPF ^UCkB?F _ hAhAgAE Q�N CA_ _ >AV�DACAV
❚ z�F V�DACAE gAK�h?E4>�e-n�` �LCAE4>�e-ck>AV�hîz-CA>�e-cUNPF D?n�CAF NjK�CAn�OA@T@8CAV
wAe-cAVAF N N Q�N CA_ _ CAVUG >AV?nJNPF OAV�CAV

❚ �lF hAC�OAQ!CAV�Q�OAE4F n
� gA>�e-cfG xAELh?F Cmtl>UNPOA@8gUNPF Q-F CAE4>AV�DîF V
|AE O�h?>AnJNPF OAV�`LF @�w�F e-c�CAE4c�CAF N Q�K�CAE CAF e-ck>AV�h �ÆCAE4n�CAcAE �

Ubiquitous Computing 32

%kë<��587-1 ���A3�ç�9<;63 ��&k3�*8õ6:61 ��*8õ<3<� �k38õ<38:

❚ H�Q!CAc�CAV�hAC\W |AE O�h?>AnJN CmbqCAE hACAVk@8gAù�DACAKA_ F e-cTh?F CT=?>An->AVUG N
@TF N DAC�Q�N gA_ N CAV

❚ íA_ CAnJNPE OAVAF Q!e-c�Ck{AgA@8CAE g�Q�aZQ�N CA@8Ck@TF NiCAF V�CAELgA>ZGiV�CA>AE OAV�gA_ CAV
��CUN u!CAVkK�g�Q-F CAE CAV�hACAVmtl>�Q�bqCAE N C�CAF VAc�CAF N `�h?F CThAgAQ<Q�N gUNPF Q!e-c�C
B?F _ hkO�hACAELhACAVThZaZV�gA@TF Q!e-c�CAVkB�F _ hAgAKA_ gA>UGj@TF NiDAC�Q�S�CAF e-c�CAE N CAV
o6>�Q�N CAE4Vm^UCAE D?_ CAF e-cUNj>AV�hkhAgA@TF Niu�>�
sF g�D?VAO�Q!CAVfG yAcAF DîF Q�N

❚ 
sF CTwAOUG N bqgAE CmbqCAE N CUNihAg�Q<e-c�gAE gAnJN CAE4F Q�NPF Q!e-c�CîB?_ F VAu!CA_ VThACAE
tl>�DACAVm^UOAELhACA@�wACAn->AV�hACAV�Q!e-c?_ gUGi>AV�hkh?F C �LCAQ�F e-cUN Q�@kF @TF n
gA>�Q-[

❚ o<C�h?F u�F V�XACAE4Q�N CTCAE G OA_ DACkK�C?F-hACAE1
sF g�D?V�O�Q!Cf^UOAVkvLgA>UNPn-E CAK�Q
h?>AE e-ckB?F _ hZ^UCAE D?_ CAF e-ck@TF NiC?F V�CAEsB?F _ hAhAgUN CAVAK�gAVAn�[

Ubiquitous Computing 33

�î1�*8õ<387�õ<381 ���<ë8:���38:<5896:<;638:(12:
ç�9��A�8���8�6140212:<589����?7-143

Infrarot-Nachtsichteinrichtung zur 
Verbesserung der Sicherheit im 
Straßenverkehr (Quelle:  
DaimlerChrysler)

Erkennung von Hindernissen
durch Bildsensorik außerhalb 
des sichtbaren Spektralbereichs
Quelle: DaimlerChrysler

Ubiquitous Computing 34

%k387ké<127��?9<3804043 �î�61436;6380

Ï�» Á!ÂZ¿ÆÅA¼!ÈsÍ%¼!Ì?À4Á!ÂTÀ4¾-Ê Ê�À4» Á!Â8Ê Ü-ÌAÚ-¼�ÈsÅA¼!È
Í%Ã-À4Á!ÂA» ÌA¼sÃ-Ì?Ù�Ã�À2À4¼!ÌTÀ4¾-ÌAÅA¼!È!ÌTÅA» ¼
Í%Ã-À4Á!ÂA» ÌA¼sÃ-Ì8ÅA» ¼��<¼�Ñq¾-ÂAÌAÂA¼!» ¿ ¼!Ì8ÐAÌAÅ
½s¼!Å��AÈ!Ä4ÌA» À4À4¼sÅA¼�À�Í%¼!ÌAÀ4Á!Â?¼!Ì
Biometrisches Verfahren zur Szenen-
analyse. Gesichtsdetektion.

Der „virtuelle Spiegel“ demonstriert die Leistungsfähigkeit der Algorithmen.
Dabei wird eine mit einer Kamera aufgenommene  Szene spiegelbildlich auf
einem Plasmabildschirm dargestellt. In dem vorliegenden Beispiel setzt sich
ein Schmetterling auf die Nase der Betrachterin. 
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�ë6÷s1 �?ñ8ö~�8:�ó-387-38:<÷s�<387�1�*8õs�#ø6387�é<ë<�61 é<3
�~�8�(�69��?12:<; ����� 	

❚ �ÆCAE gAV�Q�N gA_ N CAE!X���]4wZð ����gUN�F OAV�gA_�]2V�Q�NPF NP>UN CkOUGlwZN gAV�hAgAE hAQ<gAV�h
ðÆC�e-cAV�OA_ O�DZa#�

❚ �lF CA_ Ck|AE O�� C?nJN CTgA@ ��gA>UG CAVkQ�F V�h
❚ 
sF CkíAE DACAKAVAF Q!Q!CAVkQ�F V�hîu�>AE u!CAF NiCAc�CAEsV�O�e-ckQ�S�yAE4_ F e-c
❚ �lF Q-F OAV�CAVk>AV�hî|AE OAK?_ CA@8CTCAE4n�gAVAVUN `LV�O�e-ckVAF e-cUNiDAC?_ $AQ�N `�u-[ B�[
w?F e-c�CAE4c�CAF NjF Vk|�CAE ^Ug�Q�F ^UCTR�OA@TSA>UNPF V�D

❚ wAOA_ _ N CAVkn�C?F V�Ckï?CAQ�>A_ N gUN CmG O?_ DACAV�`�Q�N CA_ _ CAVkILKAF e-OA@TSk>AV�h
|�CAE ^Ug�Q�F ^UCTR�OA@TSA>UNPF V�Dîn->AE u!u!C?F NPF DACko<O�hAC�CAE Q!e-c�C?F VA>AV�DACAV
hAgAE

❚ z-OAE N Q!e-cAE4F N N CkF V �LCAQ�F e-cUN Q� �>AV�hkw?SAE g�e-c�CAE4n�CAVAVA>AV�D
Ubiquitous Computing 36

ö~�8:�ó-387-38:<÷s�<387�1�*8õ��	����
8õ<38�696:6è��A3

❚ }d^UCAE Q!e-cAF C�hACAV�CTw�F e-cUN bqCAF Q!CAV�X
❚ ðlF @�{?F V�h?K�CAE D��4vLCUbd_ CUN Nj|�g�e-n�gAE h���XAhACAEso<CAV�Q!e-ckc�gAK�C
F @T@8CAEsV�O�e-cmHJF VmNPc�Cî_ OAOAS\Wqu�>kQ!CAF V�`�hAgTu�>AE u!CAF NjVA>AELC?F V
o<CAV�Q!e-cThAg�Q6V"$UNPF DACmp F Q!Q!CAVkK�CAQ!y�Q�Q!C�`L>A@�u�>TCAVUN Q!e-c�C?F hACAV�`
@TF NLbqCA_ e-c�CAVTgAV�hACAE CAV �LCAE yUN CAVTu-[ B�[ACAF Vk{?xAc?_ Q!e-cAE gAVAn
Q�F VAVU^ZOA_ _ CAE bqC?F Q!Ckn-OA@T@T>AV?F u�F CAE CAVTQ�OA_ _ C

❚ úJF @ prg?_ hAO�� w?>AV��8X�
LCAEso<CAV�Q!e-cTQ!C?F�K�CAF\ðÆgA>AQ!CAV�hACAVkF cAV
>A@8DACAK�CAV�hACAV �LCAE yUN CAVkVAF e-cUNj@8CAcAEsF VThACAE1��g�DAC�`�h?F C�Q!CTu�>
n�O�OAE h?F V?F CAE CAV�`�Q!OThAg�Q�Q�� CAV�CTh�F C�Q6OAcAV�CTQ!C?F VT=?>UNP>AVk>AVUN CAE
Q�F e-cTu�>f^UO?_ _ u-F CAc�CAVkc�yUN N CAV?[
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��
8õ<38�696:6è��A3 �����

❚ z�F E4@8gkíA_ F N CTR?gAE CkSAE y�Q!CAVUNPF CAE N CTCAF VkQ�F e-cîF VkBACUNPE4F CAK
K�CUG F V�hACAV�hAC�QÒti_ N CAE Q�c�CAF @8`�hAg�Q6>AVAK�CA@8CAE4nJN
wACAV�Q!OAE4F VUG OAE4@8gUNPF OAV�CAVf^UOAVThACAVkBACUbdOAcAV�CAE4V�`�hACAV
o6F N gAE4K�CAF N CAE4VTQ!OUbdF CThACAEsIL@8DACAKA>AV�DkgA>UG u!C?F e-cAV�CUNj>AV�h
�ÆCAE gAE4K�CAF N CUN�[A=�[ B�[ZbdF E hkhAg�Q��LCUbdF e-cUNihACAEsBACUbqOAcAV�CAE
DACA@8C�Q!Q!CAV�`ÆbqCAVAVmbmF CkF @�BACUN Nj_ F C�DACAVk>AV�hîK�CAF-C?F V�CAE
G OAE N Q!e-cAE CAF N CAV�hACAVmtlKAV�gAcA@8Ckn�gAVAVTC?F VmtlE u�Niu�>AE
ILVUN CAE Q�>�e-cA>AV�DîK�CAV�g�e-cAE4F e-cUNPF DZNLbqCAE hACAV?[
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❚ tÆe�e�CAVUNP>AE C�XZH2ðlc�Ck_ O�e�gUNPF OAVTOZG�aUOA>AELe->AQ�N OA@8CAEsF QÒNPc�C
_ O�e�gUNPF OAVTOZG�aUOA>AEsKA>�Q-F V�C�Q�QPW

❚ �lF Q-F OAV?F e�Q6R?OAE4S�OAE gUNPF OAVkQ�N CA_ _ N CTCAF VAF DACkK?F OA@8CUNPE4F Q!e-c�C
�ÆCAE G gAcAE CAVm^UOAEs>AV�hîS�O�Q�NP>A_ F CAE N C�`�hAg�Q!Q6Q�F e-cTh?F C
�LC�Q�F e-cUNPQ!CAn�CAVAVA>AV�Dku�>AEltl>UNPc�CAVUNPF G F u-F CAE4>AV�Dkh?>AE e-c�Q!CUN u�N CAV
bdF E h�[?{AOA@dG OAE N gAKA_ Cko<CUNPc�O�hAC�`�hACAEsBACAVA>UN u!CAEsF Q�NjS�gAQ!Q-F ^Y[ Q


