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How can we gather a 
person’s health 
metrics using 
advanced sensors in 
the home? 

March 2022 
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BACKGROUND 
Many researchers have sought to bring medical testing into the home. Over 
the past 20 years, researchers have started to unlock the ability to gather and 
use health data in domestic spaces, instead of at a hospital or clinic. There are 
two decades of research from four different communities: 

• Technologists have sought to build an infrastructure, the “internet 
of things,” as enablers behind the scenes for all of these consumer- 
and patient-facing products and services. 

• System designers who create sensors or find new use cases for 
existing sensors to track and measure health metrics, as well as find 
elegant proxies for health metrics. 

• Experience designers have studied the usability and adoption of 
these technologies by consumers and medical teams. Hundreds of 
studies have been performed with tens of thousands of patients. 

• Digital health and mobile health teams in the medical care space 
— which goes by a lot of names including dHealth, eHealth, 
eDiagnostics, mHealth — have a more medical orientation and keen 
understanding of the clinical uses of these technologies. 

Many research projects will address a specific disease or condition. But 
remember, patient needs might have elements that cross a wide spectrum of 
medical events — someone recovering from a broken hip, a major surgery, or a 
recent heart attack might need to be monitored for daily activity and heart 
rate. While a gait tracking system might be useful in both surgical recovery 
and to map the trajectory of Parkinson’s Disease.  

RESEARCH 
Two major frameworks can assist teams as they invent. The first framework 
can help your team frame the path from low-level sensor data towards a 
variety of higher-order applications. The second framework is about how 
measurements can be gathered: invasive (in-body), wearable (on-body), or 
environmental. 
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Framework 1: Sensor to Application 

Inventing new ways to gather and use health metrics will start with gathering 
the signals. Sensors watch bio rhythms, physiology, waste products (like sweat 
or urine), or sense the environment (like ambient air, signals from plumbing, 
electrical, heating/cooling, or physical systems). Then designers move ‘up the 
chain’ towards applications. 

• Sense - The lowest level granular data that is reported by some kind of 
sensor. Temperature, vibration, movement in space, blood glucose levels, 
these are elements which can be measured. 

• Interpret - Sensor data requires interpretation beyond merely reporting 
the data values. A certain motion pattern might be interpreted as ‘sleeping’ 
or ‘walking’ or ‘a seizure event’. 

• Assess - Applications structure the interpreted data for value to a person 
who might be suffering from a condition or for their health team. What 
does the data mean, either as a single event, or as a trajectory over time? 
What medical conclusions should we draw? 

• Intervene - Applications may also support interventions with a patient. 
They could prompt a doctor or nurse to check in. Applications might 
recommend a course of action, often via machine learning tools, or attempt 
to change the course of an activity, “Slow down!” or “It’s time to wake up,” 
motivating a change of course through a behavioral nudge. 

Sensors in Support of Aging-in-Place: The Good, the Bad, and the Opportunities 
Editor: Diane Cook. https://www.ncbi.nlm.nih.gov/books/NBK563117/  
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Framework 2: Placing Sensors Environmental / 
Wearable (on body) / Invasive (in-body)  

Engineers and device-makers have kept busy! In the early 2000s, most 
applications for home monitoring were adapted from hospital and clinical 
instruments, but just imported into domestic spaces. Today, teams have brought 
hundreds of technology-laden products to market, balancing simplicity and 
ease-of-use with diagnostic power. And built for the home market. 

• Invasive sensors - Sensors which are implanted in the body, or attached 
temporarily to get data readings. Examples include pacemakers, insulin 
pumps, blood glucose monitors (stick on probes + bluetooth radio). We’d 
even consider the classic ‘thermometer-under-the-tongue’ reasonably invasive. 

• Wearable sensors - Sensors worn on the body, including commercial tools 
like Whoop, Fitbit, and Apple Watch. And don’t discount hundreds of 
research-grade systems (see below for some highlights). 

• Environmental sensors - Household mirrors which record video and 
use machine learning to measure respiration & heart rates, smart beds 
which measure sleep duration and quality, even microphone-based or flow 
sensors monitoring home plumbing, electrical, & heating/cooling systems. 
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Highlights from Recent Academic Progress: 

Technologists can put sensors in inconspicuous locations in a home to measure 
the signals coming from appliances and light fixtures. Then they can train a 
predictive model to discern a given set of behaviors 
(using off-the-shelf machine learning techniques). Then 
the tool can correctly infer health-related behaviors like 
eating, bathing or sleeping from the data with ~85% 
accuracy. Franco et. al., instrumented 13 homes and 
measured their sensors for ~6 months, comparing the 
inferred activity to personal diary data.  

Prior work by Shwetak Patel and students 
demonstrates similar proof-of-concept tools to 
measure human activity via electrical systems and 
plumbing activity. 

Smart mirrors, installed a bathroom, can measure heart rate and respiration 
rates. Cameras in the mirror record at ~150 frames per second, which allows 
them to see blood pumping under the skin. Recent research from Liu et. al., 
shows how accuracy is improving using more sophisticated machine learning to 
handle real-world issues of lighting, how a person poses, and their skin tone 
(the technology works better on lighter skin tones, creating challenges for equity 
and inclusion). The graphic above shows their system — blue bars — compares to 
prior work. 
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RVmagnetics has developed micro-wires which can sense small changes in 
temperature and vibration. The company is actively pursuing applications for in-
home health and healthcare monitoring via devices, wearables, and even smart 
mattresses. The technology is also implantable for in-body applications. The 
micro-wires are passive (no power needed) and flexible (so can be used in 
muscles or veins). Similar technology powered Wang et. al.’s a study of wearable 
hydration monitoring, where a forearm-worn sensor measured hydration, 
glucose, and fluid levels in the blood. 

Fadel Adib and his colleagues work in the Wireless Lab at MIT. Most of their 
research studies radio waves and using radio wave reflection to determine the 
presence of people in an indoor space. In 2015, they produced a much higher 

resolution system — Vital Radio — that records 
respiration rate and heart rate. "In this paper, we 
ask whether it’s possible for smart homes to 
monitor our vital signs remotely – i.e., without 
requiring any physical contact with our bodies.” 
People can just relax in their homes as they 
normally would and the system generates highly 
accurate respiration rate and heart rate data. Look ma’ no wires!  

The system is highly accurate, with average accuracy rates over 98%. And the 
prototype system can perform measurements at a distance of almost 25 feet! 
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Designers and researchers in a European collaboration built the WEALTHY 
prototype platform (a nod towards ‘wearable health’) which embeds sensors 
into clothing items and then uses wireless signals to connect to a base station. 
Teams have been continuing to develop applications for more than a decade. 
Tools have been applied to many clinical context — rehabilitation of cardiac 
patients following an acute event; early discharge program in chronic 
respiration patients; promotion of physical activity in ambulatory stable cardio-
respiratory patients. 

CONCLUSIONS  
We can now enable novel ways to detect biological, physiological, 
psychological state from people without invasive sensors. Depending on the 
applications and inferences needed, the data could be considered ‘medical 
grade,’ though not all clinical teams respect data or inferences from these tools. 
Doctors in the U.S. frequently ignore or discount sensor data. 

Whether these cutting-edge technologies can be built into profitable 
businesses (outside of smartwatches) remains to be demonstrated. 

Conclusions: 

• In cases where you must deliver data or conclusions to medical teams, your 
system needs to be tested against systems already deemed ‘accurate enough’ 
by doctors. Comparative evaluations, first in a lab setting, and then in the 
real world scenarios are required. 

• The quality of the user experience is make or break. Especially whether 
users enjoy and get value over a long-term (months or years). Few 
longitudinal studies have looked at research-grade systems, but a couple of 
studies show how even for big commercial wearables, long-term usage 
patterns drop considerably over time. 

• Building 'end-to-end' systems which gather data, 
interpret it, and provide insights to individuals and 
health teams that make an impact is difficult. There 
are only a few studies which have delivered this end-
to-end ability, and a recent paper by Burnham et al. 
sorted through 10,000 publications found only eight 
with credible claims. 
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• Finally, notice the powerful idea where researchers mine the exhaust or 
"noise" from other systems. Wifi access points, plumbing, and home heating 
and cooling systems produce a steady stream of data. If you can leverage 
these data as a proxy for presence or activity, then you will be able to 
launch services with less visible tech, elegant installation, and potentially 
simpler experiences.  
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APPLYING THIS Q 

If you are working to build a system or startup that 
brings sensors to the home to measure health data, here 
are a few questions to answer: 

How will you collect a person’s health signals?  

What factors of a particular disease or condition are 
relevant? What biometrics, biomarkers, symptoms, 
treatments (including medicine adherence) or behaviors are 
important? 

What features make the user experience frictionless or even 
fun? 

What is the business model that makes the most sense for 
your application? Should your team consider the Affordable 
Care Act’s ‘outcomes-based reimbursement’ and recent moves 
by the US Food and Drug Administration to approve ‘software 
as a medical device’ (SaMD) tools and apps? 
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WHAT TO GOOGLE NEXT 
Companies of Interest: 

• RVMagnetics - https://www.rvmagnetics.com  

• Senosis (acquired by Google 2017) - https://hitconsultant.net/
2017/08/14/google-acquires-senosis-health/  

• Elitac Wearables - https://elitacwearables.com  

• Care OS - https://www.care-os.com  

Academic Labs:  

• Fluid Interface Lab at MIT Media Lab - https://www.media.mit.edu/
groups/fluid-interfaces/overview/  

• Mayo Clinic Center for Innovation - https://
innovationexchange.mayoclinic.org  

• Lifelong Health & Wellbeing Lab at Georgia Tech Institute for People and 
Technology - https://research.gatech.edu/ipat/lifelong-health-and-well-
being  

• Human Factors and Aging Laboratory at the University of Illinois - https://
hfaging.ahs.illinois.edu 
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