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Miniaturization advances have led to several wearable sensors that are now being employed in a variety of
biomedical applications. Some of these have been ingrained in people’s daily lives. Smart bands and
smartwatches with pulse monitors, pulse oximeters, accelerometers, gyroscopes, and other sensors are one
example.

wearable sensors skin-like heart rate monitoring continuous glucose monitoring

| 1. Introduction

Miniaturization advances have led to several wearable sensors that are now being employed in a variety of
biomedical applications W2, Some of these have been ingrained in people’s daily lives . Smart bands and smart
watches with pulse monitors, pulse oximeters, accelerometers, gyroscopes, and other sensors are one example 4
[Bl81, implantable devices have been utilized since the 1950s when the first pacemaker was utilized to bring back a
regular heart rhythm by continually pumping only the ventricle [; since then, implantable automation has evolved
to include the most modern implants, for instance Ocular and Cochlear implants &, Even though biomedical
implants are vital to the advancement of Medicare, they frequently necessitate the assistance of a trained specialist
(201 \Wearables, on the other hand, are more intelligible and may be employed without the need for medical or
technical competence (2. Their purpose is to harvest data without requiring any surgical processes or the insertion
of materials that are more likely to cause long-term negative effects. These sensors can be worn anywhere one
wants to wear them. While this sounds like an exaggeration, with sensors implanted in clothing and other form
factors in addition to wrist-worn devices, it is principally true. Figure 1 shows the rise of wearables and the future of

wearable technology 121,
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Figure 1. Wearable sensors can be worn almost anywhere on the body for daily activities, including health

monitoring 121,

The application of wearable devices and arrangements to accomplish immediate recognition of variations in patient
status necessitating therapeutic intervention is a rising topic of study in the field of wearables. The care of patients
with chronic obstructive pulmonary disease (COPD) is one instance of this sort of wearable use. Early diagnosis of
exacerbation events is an important objective in the therapeutic care of patients with COPD. Exacerbations, which
are described as bouts of augmented dyspnea, cough, and a variation in the volume and type of sputum, are a
regular occurrence in the natural course of COPD, and they can cause functional impairments and disability.
Exacerbations should be detected and treated as soon as possible to avoid worsening clinical conditions and the
need for emergency department care or hospital admission. Remote monitoring devices can aid in the early
detection of patterns in patient's health state that indicate an impending exacerbation. One way to address the
problem of early identification of exacerbation episodes is to monitor variations in patient’s level of activity and
presume that a drop in activity level indicates the possibility of a deterioration of the individual’'s clinical state

without further monitoring (231141,

https://encyclopedia.pub/entry/18909 2/12



Wearable Optical Sensor | Encyclopedia.pub

Atallah et al. have created an ear-worn sensor that may be employed to track activities and degrees of effort in
patients with COPD 13, The researchers were able to recognize numerous different types of physical activities, as
well as the intensity of those activities, using powerful machine learning techniques and a single ear-worn sensor.
Steele et al. 18 and Belze et al. 2] measured human movement in 3D over three days and found that the extent of
the acceleration vector verified in patients with COPD was correlated with measures of patient status, such as the
six-minute walk distance, the FEV1 (Force Expiratory Volume in One Second), the severity of dyspnea, and the
physical function domain of the health-related quality of life scale. Hecht et al. 28 proposed an algorithm
established on data gathered using a single unit for a minute-by-minute study of patients’ activity levels. The
method was put to a test in 22 patients for 14 days. The scientists also employed a simple empirically created
algorithm to assess whether the person was wearing the gadget, allowing them to keep track of compliance.
Another noteworthy finding from the same study was that during the first few days of assessment, individuals
tended to increase their activity level. This finding shows that, monitoring should be performed regularly to prevent

noticing the transient effects caused by the fact that the subject is aware that he or she is being watched.

Wearable sensing automation has quickly evolved from a science fantasy concept to a wide range of well-
established user and medical devices 9. The affordability and user-friendly arrangement offered by developments
in miniaturized electronics, the development of smartphones and connected devices, an increasing consumer wish
for health awareness, and the unmet prerequisite for medical practitioners to uninterruptedly acquire medical
quality data from their patients are all contributing to the expansion of wearable sensors 29, Despite initial success,
there is still a thirst for even more data from the body. Most of the sensing modalities, including in current
wearables (pulse, galvanic skin response, etc.) are non-specific, hence this desire remains unmet (e.g., how many
factors can increase one’s pulse or trigger one to sweat). Additionally, most wearable sensor devices use
techniques that have been around for years. Even the most complex wearables, such as continuous transdermal
glucose monitors, benefit from over 30 years of advancements in enzyme electrodes discovered in basic and ultra-
low-cost finger-prick glucose test strips. Transdermal glucose assessment is, in fact, possibly the only widely

employed wearable sensor that continuously monitors the state of a serious condition (diabetes) [211122],

Figure 2 is a conceptual picture of a remote surveillance system 2. Wearable sensors collect physiological and
movement data, allowing patients’ status to be monitored. Sensors are employed in different ways depending on
the therapeutic use of interest. When monitoring patients with congestive heart failure or COPD who are receiving
clinical intervention, sensors for monitoring vital signs would be deployed. Sensors for recording movement data
might be employed in applications monitoring the efficacy of home-based recovery programs in stroke survivors or
in the usage of mobility assistance equipment among the elderly. Patients’ data are transmitted to a mobile phone
or an access point through wireless transmission that is then relayed to a distant center over the internet. Data
processing applied throughout the arrangement detects emergency circumstances, and an alert message is
delivered to a trauma service center to give rapid aid to patients. Family members and caregivers are contacted in
the event of an emergency, but they may also be informed in other instances, such as when the patient needs help
taking his/her prescriptions. Clinical staff can remotely examine the patient’s condition and be notified if a medical

decision must be taken.
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Figure 2. Design of a remote health observing arrangement established on wearables. Health-related data are
collected via body-worn wireless devices and transferred to the caregiver via a data gateway, for instance, a mobile

phone. Caregivers can utilize this data to execute interventions as required 221,

Almost every analyte that a clinician could want to assess from a patient can now be measured using diagnostic
instruments [231124125] Unfortunately, such devices are not wearable, and blood draws and traditional bench-top
analysis procedures are still required. Therefore, the key issue on many people’s minds is: how can wearable
sensor automation begin to cross over into modalities that detect more precise physiological issues, such as:
validating a child’s health while in the mother’s womb by tracking mechanical fetal motion; telling the difference
between a deadly seizure and greater physical exertion; warning that an athlete or worker is becoming severely
dehydrated; informing the health-conscious about how much overly refined white bread boosted their blood sugar
levels; or mapping and controlling viral infection in a community before most of the population becomes

symptomatic.

| 2. Demand for Wearable Optical Sensors

Even though both electronics and photonics are important in the prospect of wearables, this paper will concentrate
on wearable optical devices. Optical sensors are expected to account for 13% of the wearable market by 2020,
with optical and optoelectronic (OE) technologies also playing a role in other market segments, for instance
chemical or elastic and pressure sensors. In recent years, several platforms have been used to produce optical
sensors for refractive index sensing applications [281271[281129]130] - Optical sensors are distinct in that they are
resistant to electromagnetic radiation, can probe nanoscale volumes, permit unintrusive examination of biological
substance at comparatively deep penetration depths, and frequently use low-cost, water-, and corrosion-resistant

sensing components. These resources have been used to detect and quantify ion, protein, and viral concentration,
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as well as pulse, blood pressure (BP), blood oxygenation, abdominal and thoracic respiration rate, targeted
localized bending, and movement. Optical sensors, like all other sensing devices, must handle the magnified
problems of proper signal-to-noise ratio (SNR), restricted dynamic range, signal specificity, and user variability in
the setting of wearable devices. Furthermore, there is the issue of surrounding light interfering with signal readings,
as well as poor light penetration into the skin and other bio-fluids, which is unique to optical sensing devices. New
optical sensing elements and integration techniques, such as photonic textiles 1, innovative colorimetric 22 and

fluorometric materials 23, and flexile photonics 24, are currently being researched to solve these difficulties.

By 2025, the worldwide wearable sensing industry is expected to be worth USD 5.5 billion, with currently
developing technologies accounting for nearly a third of that total B2, Over 1/10 Americans now possess a
wearable sensing gadget, such as a specialized fitness surveillance device, a threefold increase from 2012 381,
Fitness trackers and smartwatches can create personalized health profiles by gathering data on the pulse, blood
oxygen level, movement, speed, step count, and even eating and sleeping patterns, using mobile phones and
cloud connections 7. Such gadgets are especially appealing for at-home health surveillance, particularly for the
rising number of seniors who are living independently. Wearables can offer a reliable and thorough patient health
record, minimize the resource load on hospitals, and expedite the reaction time in event of an emergency by
empowering older users, their families, caregivers, and Medicare professionals, through remote health surveillance
capabilities. Wearable technologies for elderly health surveillance are already making an effect, with total device
shipments connected to wearable technologies for elderly health surveillance expected to achieve USD 44 million
in 2019. Wearables are also becoming the latest means for medical practitioners and healthcare workers for hand-
free, computationally assisted quick diagnoses and other health decision making, through ergonomic displays and
voice control features. Wearables may also be employed to create augmented reality, for reasons such as better
viewing of vital organs and tissue during surgery [28l. Wearable sensing device automation is even being employed
for environmental surveillance. The capacity to simply monitor plant health, air quality, or toxins across a vast
region via crowdsourcing is interesting, and certain new wearable devices make it even easier. Wearable sensing
devices have been researched around the world. Figure 3 shows the number of publications indexed in the
Scopus database published in the last four decades (1982—2022) concerning the countries. It can be seen that the
USA is leading this research topic with the highest number of publications, which is two times higher than the rest
of the world (R.O.T.W).
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Figure 3. Scientific publications on “wearable sensors (electronics and photonics)” around the world. Results were

collected on 19 November 2021.

Recent advancements in manufacturing and packaging processes have supported the low-cost embedding of
many OE devices and sensing devices on a chip. Furthermore, these chips are extensively employed in many
kinds of physiological, biomechanical, and biological sensing, examining and gathering biomedical data remotely,
thanks to a combination of wireless 3G and 4G technologies B2, This has resulted in lower Medicare expenditure
and enhanced continuous tracking of critical data, particularly for athletes, resulting in increased performance 2.
The development of 5G networks, paired with technologies such as the internet of things (IoT), machine learning,
and artificial intelligence, will further revolutionize the future of remote biomedical sensing. Today, medical
practitioners use portable diagnostic instruments, such as glucometers, which offer instantaneous data and are

typically unintrusive or less intrusive 49,

However, automation for totally unintrusive blood sugar tracking is currently being developed. As a result, the main
goal here is to build unintrusive wearable sensing devices for these sorts of diagnostics that may be employed in
uninterrupted tracking procedures. Furthermore, the population is rapidly growing, and physicians are in limited
supply all around the world. This has compelled the ordinary person to look for alternate choices that would help
physicians use their time more efficiently. Individuals can use wearables to trace their important physiological data,
with the option to visit a medical practitioner only when necessary 21, The growing need for personal diagnosis
and tracking is a robust sign of the benefits of wearables. Their application is not limited to tracking blood sugar

levels; they have recently been anticipated as a substitute scheme for performing rapid HIV diagnoses [42143]
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timely recognition of Alzheimer’'s syndrome “4l43 and perspiration tracking via a wearable paper-based sweat

sensing device 48 taking custom-made medicine to a new level 2. Wearable interfaces, such as wearable

electronics, electronic skin sensing devices, flexile displays, intelligent robotics, and implanted medical devices,

have advanced rapidly in recent years 28 Due to their unique structure, most of these devices are flexile, portable,

adaptable, and easy to use, and they can even be directly bonded with human skin [EZ1[42150],

There are several non-implantable wearable sensors available for consumer health and medical research, and

some devices are currently being used in regular clinical practice. Table 1 lists some of the most prevalent devices

Bl Mechanical, physiological, and biochemical sensors are the three basic types of sensors available. Sensors

are available in a variety of grades, from consumer to clinical to research grade. The data from these sensors have

been utilized for a variety of purposes, including tracking gait, diagnosing atrial fibrillation, and measuring blood

glucose, to name a few.

Table 1. Examples of common consumer, clinical, and research-grade wearable sensors 211,

Manufacturer

Abbott

AliveCor

Apple

Ava Science,

Inc

Bloomlife

Preventice

Model

Libre

Kardia Band

Watch Series
3

Ava
Wristband

Smart
Pregnancy
tracker

Bodyguardian
Heart

Market

Ambulatory
diabetes
monitoring

Consumer

Consumer

Consumer

Consumer
(rental)

Ambulatory
cardiac
monitoring

Cost (USD)

149.98
(cost for

reader and

10-day
sensor)

199

329

249

20/week

Ordered
through
physician,
billed
directly to
insurance

Form
Factor

Semi-
invasive

Wristband

Watch

Wristband

Abdominal
patch

Chest
patch

Sensors

CGM

ECG

Accel,
ambient light
sensor, BALT,

Gyro, PPG
HR, GPS

Accel, EDA,
PPG HR,
Temperature
sensors

Accel, 3-
channel AFE

Accel, EFG

US FDA
Status

Approved

Cleared

Pre-
certified

Approved

Cleared

Ref.

[54]

[56]

[56]

57]
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Form US FDA
Manufacturer Model Market Cost (USD) Factor Sensors Status Ref.
Accel, Gyro,
Oura Oura ring Consumer 299-999 Ring PP;(;'R‘ (58]
temperature
Ambulatory Ordered watch,
. . shoe [59]
Orpyx Surro Gait Rx gait through insert Pressure
monitoring physician shoe pod
SUIo Sense Ambulatory Ordered VZ?;:’
Orpyx gait through . Pressure Cleared (601
Rx monitoring physician insert,
shoe pod
Ordered
Ambulatory Lhrsiz?ahn Chest
iRhythm Ziopatch cardiac physician, ECG Cleared &1
monitorin billed patch
9 directly to
insurance
Ambulatory Semi-
Medtronic Enlite diabetes . . CGM Approved (62]
o invasive
monitoring
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