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Introduction
• Mobile phones, watches, etc… are 

pervasive, have increasing 
computation and communication 
power

• Pervasive non-intrusive 
physiological and environmental 
sensors

– Continuous real-time monitoring and understanding of 
multiple physiological and environmental signals

– Finding correlations between lifestyle and health

– Identifying trends and deviations from those trends

– Developing new interesting and fun applications

– Empowering users

– Enhancing sense of connectedness with loved ones

New opportunities for 

wearable

health and wellness 

continuous 

monitoring devices  



Two Exemplary Projects

• Smartphone is the central processing unit 
(Audiovox SMT5600)

– Personal Computer for millions of people

– Communication capabilities (GPRS, etc)

– Multimodal: camera, microphone, etc

• Wireless connection to physiological and 
environmental sensors

• Health and wellness applications

– HealthGear

– MPTrain



HealthGear: Goals & Motivation

• Real-time, wearable physiological 

monitoring system on a mobile phone

• Physiological sensors wirelessly 

connected via Bluetooth to a mobile phone

• Continuous recording of blood oximetry, 

heart-rate and plethysmographic signal

• Real-time analysis and presentation of 

physiological data to the user

• Usage scenario: Sleep monitoring and 

automatic sleep apnea detection



Application: Sleep Apnea

• Underdiagnosed but common condition
– Affects children and adults

– 4% in men and 2% in women (higher for elderly)

– Untreated causes $3.4 billion of medical costs

– 40 million undiagnosed Americans

• Periods of interrupted breathing (apnea) and 
periods of reduced breathing (hypoapnea)

• Leads to:
– Hypoxia, asphyxia and awakenings

– Increased heart-rate, high blood pressure

– Extreme fatigue, poor concentration

– Compromised immune system

– Cardio/cerebrovascular problems 



Sleep Apnea: Diagnosis

• Nocturnal Polysomnography (PSG):

– In sleep center for 1-2 nights

– Continuous, simultaneous multi-channel 

measurements of 8 physiological signals ☺

– Very expensive, cumbersome, time 

consuming, just one sample and subject to 

manual scoring and human error 

• Pulse oximetry: 

– Useful as screening tool

– One simple, light-weight sensor on finger, toe 

or earlobe



HealthGear



Sleep Study

• 21 volunteers:

– 80% male, ages 25-65

– 30% healthy, 70% with sleep apnea or suspected

• Wore HealthGear for one full night in their 

own homes

• Very successful on multiple fronts

– Correctly identified all known cases of sleep 

apnea

– Identified a few cases of apnea of ‘suspected’ 

individuals

– Very highly rated by the users



No Apnea



Mild-Severe Apnea



Severe Apnea



Video



Long term sleep studies

• 3 long-term (2-3 weeks at a time) sleep 
studies

• Investigated correlations between quality 
of sleep and lifestyle factors:

– Alcohol intake

– Diet

– Exercise

– Stress level

• Very interesting conclusions! 

• Information never gathered and 
investigated before!!



Conclusions & Future Work

• Accurate sleep apnea monitoring

• Light-weight sleep monitoring system

• High acceptance rates

• More Long-term sleep studies

• Sleep study with Swedish Sleep Center

• Sleep study with MIT’s House_N project

• Further collaboration with doctors

• Identifying correlations between lifestyle, 

environmental factors and physiology

• Application to other domains



MPTrain

• Personal trainer on a Smartphone

• Exploit the influence of music on exercise 

performance

• Real-time monitoring of ECG (heart-rate) 

and acceleration (pace)

• MP3 player 

• Real-time selection of the right music to 

play to encourage users to achieve their 

exercise goals





Chestband with ECG sensors

2-axis accelerometer

Bluetooth transmitter

MPTrain’s Hardware
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Video



MPTrain Results for a User on the Treadmill
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Street run log
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Results on Outdoor Running













Next Steps 
• Large runner’s study: 

– 23 regular runners run 3 or 4 sessions of 42-min each 
under different conditions: mute, random, metronome 
and MPTrain

• Add Bluetooth-enabled GPS for track and incline 
information

• Include information about past workouts to inform 
the music selection algorithm

• Add user rating information of particular playlists 
or song selections

• Add lifestyle variables and find correlation 
between them and the quality and performance of 
the workouts

• Deploy applications for sharing the data and 
music in real-time with friends and family



Conclusions

• Real-time collection and analysis of 

physiological and environmental signals on a 

mobile phone (Smartphone)

• Big opportunity for 

– Constant monitoring of users

– Real-time feedback to users

– Finding correlations between lifestyle and 

health/wellness

– Identifying trends and deviations from those trends

– New applications and services

– Impact on society: aging, chronic disease 

management, EM, exercise, wellness 



For more information:

http://www.nuriaoliver.com/

http://www.nuriaoliver.com/healthGear/healthGear.htm

http://www.nuriaoliver.com/MPTrain/MPTrain.htm

 

Email : nuria@microsoft.com

http://www.nuriaoliver.com/
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