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Abstract

We apply machine-learning techniques to the task of context-awareness, or inferring aspects of
the useŕs state given a stream of inputs from sensors worn by the person. We focus on the task of
indoor navigation, and show that by integrating information from accelerometers, magnetome-
ters, temperature and light sensors, we can collect enough information to infer the userś location.
However, our navigation algorithm performs very poorly, with almost 50% error, if we use only
the raw sensor signals. Instead, we introduce ad̈ata cooking̈module that computes appropriate
high-level features from the raw sensor data. By introducing these high-level features, we are
able to reduce the error rate to 2% in our example environment.
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Ö^Ò�ÛpÕ�Ðpá¨â�×�Õ¤ä�Ñ�Õ�ØbÒ9Ñ�Ï¤ä/Õ�ã¨ã¨×�Ï�ã¨×�ÝßÕ¤ÑbÒ1ÛpÝdêCÛ�ÔLÞßÒ�õCÒ�Þ;ä°Ò�Õ¤Ñbå¨×�Ò�Ø ù
Û¨ÏnÖ^Ò�õCÒ�×WíSÖ­Ò1Õ�×bÒ±ÝßÐCÑ�Ò�×�Ò�Ø£ÑbÒWá�ÝßÐ"Õ¤Þßê�ÏC×bÝdÑbÛpéwØ^ä°ÏC×&á�ÝèØbâ�Ïnõ�Ò�×bÔ
ÝßÐ¨êwåpØbÒ9ä°å¨Þ�ä°ÒWÕnÑ�å¨×bÒWØ^ÑbÛ¨×�Ï�åpê�Û	Ø£ÒWÕ¤×�â�Û ò
� Û¨ÒméµÕ�ÝdÐ â�Ï�Ð\Ñb×�ÝdÜpå�ÑbÝßÏ�ÐpØ1Ï¤ä^ÑbÛ¨ÝèØ1ãpÕ�ãPÒ�×�Õ�×bÒ%ÑbÏ�Ø£Û¨ÏnÖ
Ñ�ÛpÕnÑµë îjñ ÜSà	ÝdÐ\Ñ�Ò�ê�×�ÕnÑ�ÝdÐpêmÝdÐ¨ä°Ï�×�éwÕ¤ÑbÝßÏ�Ðvä°×bÏCé*á¨ÝdõCÒ�×�Ø£Ò%Ø£Ò�Ð�Ô
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Data modelling

While (next sensor reading):

Multiply in new  sensor
probabilities

Redistribute prob. mass
according to transition fn.

end

Navigation

Data acquisition

Sensors

Sensor models

Training Testing
Data cooking
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ÝßÐ¨ÝdÑbÝèÕ¤Þ/á�ÒWØ£Ýßê�Ð�ÜPÒWâ�Õ�åpØ£ÒwÖ^ÒµØ£åpØbã�Ò�â#Ñ�Ò�á�ÑbÛpÒµõ\Ýèá�Ò�Ï�ÝßéµÕ¤ê�ÒWØ
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ÝßÐ�ä°Ï�×�éµÕnÑ�ÝdÏCÐ>Õ�ÜPÏCå�Ñ)ÑbÛ¨Ò±åpØbÒ�×�ÜSà�â�Ï�é�ÜpÝdÐ¨ÝßÐ¨ê%ÝdÐ¨ä°Ï�×�éwÕ¤ÑbÝßÏ�Ð
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ØbÒ�ÐpØbÏ�×�Ø±ÕjõnÕ¤ÝßÞßÕ�Ü¨ÞdÒCí;ÕCØ±Ö­Ò�ÞdÞ/ÕCØ±ÑbÛpÒmõnÕ¤×�ÝdÒ�Ñ©à"Ï¤ä�Õ�ØbãPÒWâ#Ñ�Ø6Ï¤ä
Ñ�Û¨Ò&åpØbÒ�×Wæ Ø�ÝßÐ\ÑbÒ�×bÐpÕ�ÞpÕ¤ÐPáwÒ9ÓSÑbÒ�×bÐpÕ�Þ¨Ø©Ñ�ÕnÑ�Ò�ÑbÛpÕ¤Ñ­Õ¤×�Ò)Ï¤ä�ÝßÐCÑ�Ò�×bÔ
ÒWØ©Ñ ò ÷¨Ï�×�Ò9Ó¨Õ�é%ãpÞdÒCí�ìHÝèâ�Õ¤×�á�Õ¤ÐPáD�&ÒWÕ¤ÞßÒ�à ë î�ï�ïSø¤ñ á¨Ò�Ø�â9×�ÝdÜ�Ò
Û¨ÏnÖ Ñ�Ï�åPØ£Ò�Ö­ÒWÕ¤×�Õ¤Ü¨ÞßÒ�ØbÒ�ÐpØbÏ�×�Ø/ÑbÏwá�Ò9Ñ�Ò�â#Ñ^ÑbÛpÒ�Ö^Ò�Õ�×bÒ�×�æ ØHÕ¤ä�Ô
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â�Ï�×�×bÒ�ÞßÕ¤ÑbÝßÏ�ÐpØ6Ü�Ò9Ñ©Ö^Ò�Ò�Ð ã¨ÛSà�Ø£ÝßÏ�ÞßÏ�êCÝßâ�Õ¤ÞHãPÕ¤×�Õ¤éwÒ9Ñ�Ò�×�Ømë°Û¨ÒWÕ¤×bÑ
×�ÕnÑ�Ò�í�ã¨ÛSà�ØbÝßâ�Õ¤ÞHÕ�â9ÑbÝßõSÝ[Ñ©à ñ Õ¤Ðpá~ãpØbà�â�Û¨Ï�ÞßÏ�êCÝßâ�Õ¤Þ�ãpÕ¤×�Õ¤éwÒ�ÑbÒ�×�Ø
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� Û¨Ò�Ö­ÏC×bö~×�Ò�ã�Ï�×bÑbÒ�áyÛpÒ�×�Ò�Õ�ápá�×bÒWØbØbÒ�Ø6ÑbÛ¨Ò>ã¨×�Ï�Ü¨ÞßÒ�é´Ï¤ä
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