
6.810 Engineering Interaction Technologies
Prof. Stefanie Mueller | HCI Engineering Group

Health Sensing





6.810 Engineering Interaction Technologies
Prof. Stefanie Mueller | HCI Engineering Group

Health Sensing



 traditional health sensing: visit doctor once a year… 
 very few data points, often only reactive not preventive



 novel health sensing: measure anywhere & all the time 
 -> many more data points, can generate warnings upfront



wireless phone wearable tattoo implanted

closeness to body



how can we detect body signals  
with cheap consumer technology 
accurately?



smart-phone based



86% of people own smart phone 
(compared to 21% for a smart watch)…



child mal-nutrition
• Hemaglobin (gives blood its red color) 
• responsible for carrying oxygen around the body 
• too little Hemaglobin -> too little oxygen 
• blood tests are difficult in developing countries 

especially in rural areas (infections etc.)



• hemoglobin has different light absorption  
• the more hemoglobin, the more red your blood 
• put finger on cellphone camera 
• light illuminates finger 
• finger absorbs certain wavelength 
• analyze image & match against database



• results in clinical test are comparable







Jaundice
• yellow or greenish appearance of skin and eyes 
• due to high bilirubin levels 
• occurs in > half of babies in first week after birth 
• it often goes away on its own, but if too high for a 

long time, leads to brain damage 
• how yellow is too yellow? 
• + only way to test today is to draw blood…



• calibration card to compensate for lighting 
• take multiple pictures to compensate for 

blood flushes 
• software does the color-matching



• for adults, it is easier to see bilirubin levels in eyes 
• (bilirubin is also a sign for pancreatic cancer in 

adults)







asthma monitoring / lung function
• lung diseases cause 10% of deaths worldwide 
• in spirometry, a patient forcefully exhales into a tube 
• tube measures flow + exhaled volume



• use built-in microphone 
• evaluate audio not air flow 
• model of the user’s vocal tract + reverberation of 

sound around user’s head 
• evaluated on 52 subjects, mean error 5.1% 
• problem: user’s hold phone at different distances 

(influences the audio)







traumatic brain injury:
• 3.8 million concussions in the US every year (e.g. sport) 
• many cases remain undiagnosed 
• can lead to permanent cognitive deficits 
• pupillary light reflex: how much light the eye reflects 
• with concussions, the reflex is diminished or disappears



• use flashlight to stimulate athletes eye 
• take pictures with the camera 
• analyze picture sequence over time





eye prescription / optometry:
• rather than using big setup 
• measure with mobile phone







besides ‘serious’ diseases,  
sensing technology can also be used for 
behavior analysis



stress:
• pressure sensitive keyboard + capacitive mouse 
• during stress 

• people use more pressure  
• have more contact with the mouse





sleep quality:
• movement 
• audio (snorring) 
• battery level of phone (to check if you used it at night ;))







obesity:
• behavior analysis, how much you walk etc. 
• uses IMU data from phone 
• analyze e.g. where you tend to stay stationary 
• suggests to take small walks around it





 Dartmouth used it to access student life quality 
 (you can download the data set from their website)











how do you feel about doing the 
survey with sensors rather than 
with questionnaires? 

do you have any concerns?

<30 sec brainstorming>





wearables



for measuring signals of the body, 
the closer the device is to the body  
the better…

smart phone vs. wearable…



measuring your throat:
• internal body sounds + external surrounding sounds 
• eating - dieting 
• coughing - lung diseases and infections 
• laughter - emotional well being 
• breathing - stress levels



• clearly distinguishable with the device





color blindness:
• inability to distinguish between different colors 
• ca. 8% of males, 0.5% of females 
• different categories of color blindness



• use google glass 
• capture image 
• perform color analysis 
• display new image for 

the user





stress:
• physiologically and psychologically damaging 
• impairs real-time performance, reduces creativity 
• directly facilitates illness, e.g. cancer, heart disease, 

autoimmune conditions 
• real-time awareness prevents stress from getting worse



• measure signals 
• EDA: electrodermal activity (skin conductance, e.g. sweat) 
• ECG: electrocardiogram (how fast hear beats, is it regular) 
• flap wings of butterfly (shape memory alloy) 
• result? users were more stressed (monitoring effect)





anxiety:
• we derive emotions from body signals 
• heart beat up -> I must be excited, anxious, in love? 
• the device fakes a slow heartbeat using vibrators 
• vibrators vibrate at a certain rhythm 
• makes you feel more relaxed





wireless sensing



wearable - on body  
smartphone - arm distance from body 

wireless  -  
sensing is even further away from the user 
but does not require any instrumentation  
of the user’s body!



breathing and heart rate:
• wifi signal 
• chest expansion changes signal reflection time 
• remove other reflecting objects from the reflected signal 

• each object’s reflections come back at a different time 
• sort them into buckets, then identify user









sleep interruptions:
• use the Doppler effect 
• module transmits a single tone 
• analyze the phase shift



Doppler effect (from sound lecture):
• if an object moves towards you, the distance between 

successive wave fronts decreases = denser 
• high frequency = high pitch sound 
• low frequency = low pitch sound 
• think emergency vehicle high pitch when close to you 
• direction and speed of hand gesture can be sensed





the future:
health-sensing tattoos



• heat actuator generates heat 
• blood carries heat away 
• outer sensors measure direction of blood flow and 

how quickly heat dissipates 
• thin layers of: gold, chromium, copper on silicone

vascular health & blood flow: [Rogers, IUIC]



• includes energy transfer (power coil) 
• includes information transmit (wireless antenna) 
• different sensors

[Coleman, UCSD]



the future:
implanted



implanted:
• most direct effect on body 
• best to take close measurements  
• measure heart muscle directly rather than 

indirectly



challenges



• make it easy to access (e.g. low-cost) 
• make it easy to use 

• ground-truth is hard  
• everyone is different 
• even the same person can vary on a daily basis 
• factors such as food intake influence values 

• not everything is directly measurable  
• chronic pain, mental health







wireless phone wearable tattoo implanted

closeness to body

 novel health sensing: measure anywhere & all the time 
 -> many more data points, can generate warnings upfront



many more areas
in health…



 micro-fluidics:  
•  analyzing probe data in-situ 
•  mixing medicine on the fly





 Little Devices Group at IDC:  
 affordable health & rapid diagnostics



 Little Devices Group at IDC:  
 affordable health & rapid diagnostics





end.


