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earable biosensors (WBS) will permit contin-

uous cardiovascular (CV) monitoring in a

number of novel settings. Benefits may be real-

ized in the diagnosis and treatment of a number
of major diseases. WBS, in conjunction with appropriate
alarm algorithms, can increase surveillance capabilities for
CV catastrophe for high-risk subjects. WBS could also play a
role in the treatment of chronic diseases, by providing infor-
mation that enables precise titration of therapy or detecting
lapses in patient compliance.

WBS could play an important role in the wireless surveil-
lance of people during hazardous operations (military,
fire-fighting, etc.), or such sensors could be dispensed during
a mass civilian casualty occurrence. Given that CV physio-
logic parameters make up the “vital signs” that are the most
important information in emergency medical situations, WBS
might enable a wireless monitoring system for large numbers
of at-risk subjects. This same approach may also have utility
in monitoring the waiting room of today’s overcrowded emer-
gency departments. For hospital inpatients who require CV
monitoring, current biosensor technology typically tethers pa-
tients in a tangle of cables, whereas wearable CV sensors
could increase inpatient comfort and may even reduce the risk
of tripping and falling, a perennial problem for hospital
patients who are ill, medicated, and in an unfamiliar setting.

On a daily basis, wearable CV sensors could detect a
missed dose of medication by sensing untreated elevated
blood pressure and could trigger an automated reminder for
the patient to take the medication. Moreover, it is important
for doctors to titrate the treatment of high blood pressure,
since both insufficient therapy as well as excessive therapy
(leading to abnormally low blood pressures) increase mortal-
ity. However, healthcare providers have only intermittent val-
ues of blood pressure on which to base therapy decisions; it is
possible that continuous blood pressure monitoring would
permit enhanced titration of therapy and reductions in mortal-
ity. Similarly, WBS would be able to log the physiologic sig-
nature of a patient’s exercise efforts (manifested as changes in
heart rate and blood pressure), permitting the patient and
healthcare provider to assess compliance with a regimen
proven to improve health outcomes. For patients with chronic
cardiovascular disease, such as heart failure, home monitoring
employing WBS may detect exacerbations in very early (and
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Technical and Clinical Aspects of a Ring Sensor for
Ambulatory, Telemetric, Continuous Health Monitoring
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often easily treated) stages, long before the patient progresses
to more dangerous levels that necessitate an emergency room
visit and costly hospital admission.

In this article we will address both technical and clinical is-
sues of WBS. First, design concepts of a WBS will be pre-
sented, with emphasis on the ring sensor developed by the
author’s group at MIT. The ring sensor is an ambulatory, tele-
metric, continuous health-monitoring device. This WBS com-
bines miniaturized data acquisition features with advanced
photoplethysmographic (PPG) techniques to acquire data re-
lated to the patient’s cardiovascular state using a method that is
far superior to existing fingertip PPG sensors [1]. In particular,
the ring sensor is capable of reliably monitoring a patient’s
heart rate, oxygen saturation, and heart rate variability. Techni-
cal issues, including motion artifact, interference with blood
circulation, and battery power issues, will be addressed, and ef-
fective engineering solutions to alleviate these problems will be
presented. Second, based on the ring sensor technology the
clinical potentials of WBS monitoring will be addressed.

WBS System Paradigm

For novel healthcare applications to employ WBS technology,
several system criteria must be met. The WBS hardware solu-
tion must be adequate to make reliable physiologic measure-
ments during activities of daily living or even more
demanding circumstances such as fitness training or military
battle. There must exist data processing and decision-making
algorithms for the waveform data. These algorithms must
prompt some action that improves health outcomes. Finally,
the systems must be cost effective when compared with less
expensive, lower technology alternatives.

WBS Design Paradigm

The monitoring environments for out-of-hospital, wearable
devices demand a new paradigm in noninvasive sensor design.
There are several design requirements central to such devices.
Compactness, stability of signal, motion and other distur-
bance rejection, durability, data storage and transmission, and
low power consumption comprise the major design consider-
ations. Additionally, since WBS devices are to be worn with-
out direct doctor supervision, it is imperative that they are
simple to use and comfortable to wear for long periods of
time. A challenge unique to wearable sensor design is the
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