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ABSTRACT

Today, various sensor technologies are available for users to keep track of their daily
living activities for self-care. However, there has been a lack of attention paid to com-
prehensive reviews, valuable especially for young, early-career scholars who just
developed research interests in this area. This paper aims at reviewing the existing
sensor technologies by considering various contexts such as sensor features, data of
interests, locations of sensors, and the number of sensors. This comprehensive revi-
ews for sensor technology implementations can help researchers and professionals
to design, develop, and use sensor technology applications adequately in the target
user’s contexts by promoting safety, usability, and accessibility.
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INTRODUCTION

As it is important for individuals to promote health, prevent disease, and cope
with illness, the active engagement in a self-care routine is considered critical.
To facilitate it, various sensor technologies are introduced in the market, and
they aim to keep track of human behaviors on a daily basis and accurately
analyze them to offer recommendations to improve or alter one’s daily rou-
tines. Those sensors technologies are often integrated in ambient intelligence
systems. Ambient intelligence comprises several components in computing
areas (Shadbolt, 2003). For example, it uses portable, low-cost computing
devices/sensors that support learning algorithms and pattern machers, spe-
ech and gesture recognition, and situation assessment. Ambient intelligence
equipped with sensors is invasively incorporated in an individual’s everyday
life (Debes et al., 2016) to identify users’ needs, customize services, and fore-
cast behaviors (Ramos et al., 2008). A smart home is, for instance, built based
on such ambient intelligence systems that install various sensors throughout
the home and consumer appliances to monitor residents’ behavior (Ni et al.,
2015). Other applications using sensor technologies include a recommender
system for promoting a healthy lifestyle (Ali et al., 2015), a mobile emergency
response system (Lloret et al., 2015), and a fall detection system (Yu et al.,
2018). Sensor technology could also be helpful in clinical settings, such as
an early sign or onset of Alzheimer’s diseases (Lyons et al., 2015), dementia
(Moore et al., 2013), abnormal sleep disorder (Ravichandran et al., 2017)
and heart rate problems (Elliot et al., 2017).
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There have been a relatively fewer number of published articles discussing
the importance of using sensors for monitoring human behaviors especially
among vulnerable populations (Shi, 2015; Totter et al., 2011; Wolbring &
Leopatra, 2013). Many previous studies were limited to general populations
over those with disabilities or special needs; for example, assistive robots
to support the elderly’s daily living activities (Chen et al., 2013), a sit-to-
stand assistive chair (Lu et al., 2013), and a fall alert detector (Cagnoni et al.,
2009). However, systems that meet the needs of general populations may not
be compatible for other populations such as people with disabilities or special
needs as the two user groups are likely to have different performance abilities,
limitations, and preferences (Dormal et al., 2016; McDonald & Rodrigues,
2016; Pigeon & Marin-Lamellet, 2015). Today’s sensor technologies have the
potential to contribute to enhancing the quality of life in a variety of ways for
everyone regardless of ability and disability. To better support various user
groups, there is an immediate need to investigate how sensor technologies
have been used. This paper aims to review the use of sensor technologies in
general.

USING SENSORS TO KEEP TRACK OF DAILY LIVING ACTIVITIES

The following reviews will help researchers and professionals in implemen-
ting sensor technologies by considering various relevant aspects, such as
sensor features, data of interests, sensor placement, and number of sensors.

Sensor Features

There are different types of sensors available with various features to moni-
tor human motion (e.g., walking speed), use of household goods (e.g., door
open/close and switch on/off of home appliances), sounds (e.g., sounds in
a particular room), and surrounding environments (e.g., temperature and
humidity).

Human Motion

Many motion-tracking studies have been using a passive infrared (PIR) sensor
that can measure infrared light radiating from objects within its field of view
(Basu et al., 2013; Cook et al., 2012; Dawadi et al., 2014; Fanti et al., 2017,
LeBellego et al., 2006; Michel et al., 2010; Skubic et al., 2009; Thomas et al.,
2016). The PIR sensor is reliable in day/night, small, inexpensive, low-power,
and easy to use (Pawar et al., 2018) although it has several shortcomings.
Some of its limits include lower sensitivity and less coverage as compared to
microwave sensors, reduced operability at greater than 35 degrees Celsius
(°C), and insensitivity to very slow motion (Pawar et al., 2018; RF Wireless
World, 2018). Besides the PIR sensors, video-based sensors (e.g., Microsoft
Kinect) are also often used to obtain a deep understanding of human beha-
viors and to calculate biomechanical variables such as gait speed and stride
length (Konstantinidis & Bamidis, 2015; Rantz et al., 2015; Skubic et al.,
2009; Stone & Skubic, 2011; Thomas et al., 2016). Other sensors include
pulse-doppler radars and webcams (Rantz et al., 2015).
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Use of Household Goods

The sensor technology can also monitor how residents use their household
goods via a light switch sensor, a door sensor, a water flow sensor, a stove
sensor, and a bed mattress sensor (Dawadi et al., 2014; Krishnan & Cook,
2014; Michel et al., 2010; Thomas et al., 2016). For example, a motion
sensor is triggered whenever a person opens or closes a door. A dry contact
sensor can be connected to various appliances such as a toaster, a kettle, or
radio shack equipment so that the sensor can monitor an electric current and
determine whether the appliance is in use (Basu et al., 2013).

Sound

Sensors are capable of monitoring not only physical activities of objects and
humans, but also sound. For instance, a sensor is equipped with a microph-
one to detect human presence in a particular room through footsteps, dishes
sound, door closing, glass breaking, speech, scream, phone ring, and object
fall (Michel et al., 2010).

Surrounding Environment

Indoor and outdoor contexts can be monitored with, for example, a humi-
dity and temperature sensor (Basu et al., 2013; Krishnan & Cook, 2014;
LeBellego et al., 2006; Michel et al., 2010; Thomas et al., 2016). Those sen-
sors can virtually be interconnected and managed over Wi-Fi, Bluetooth, or
the ZigBee protocol, an openly available wireless communication standard
to control home automation devices (Lee et al., 2009; Soliman et al., 2013;
Wang et al., 2016).

Data of Interests

As sensor technologies have a variety of capabilities to detect, discover,
and react to different matters, sensors are widely used to investigate vari-
ous aspects of daily living activities, such as healthcare-related factors such
as sleep, pulse, and respiration levels (Dawadi et al., 2014; Krishnan &
Cook, 2014; Skubic et al., 2009), medication adherence (Cook et al., 2012;
Krishnan & Cook, 2014), dietary habits such as cooking, eating, and wash-
ing dishes (Huang et al., 2017; Vu et al., 2017), leisure activities such as
listening to music, watching TV, and playing a card game (Cook et al., 2012;
Dawadi et al., 2014; Tapia et al., 2004), hygiene status such as personal and
household cleaning (Cook et al., 2012; Krishnan & Cook, 2014), motion
tracking (Dawadi et al., 2014; Fanti et al., 2017; Konstantinidis & Bamidis,
2015; Krishnan & Cook, 2014; Michel et al., 2010; Rantz et al., 2015;
Skubic et al., 2009; Stone & Skubic, 2011; Tapia et al., 2004), weather
(Michel et al., 2010), and other activities such as getting dressed and paying
bills (Cook et al., 2012; Michel et al., 2010).

Location

Sensors can be installed in various locations to cover wide-open area (e.g.,
ceilings, wall, and hallway) (Cook et al., 2012; Dawadi et al., 2014;
Fanti et al., 2017; Konstantinidis & Bamidis, 2015; Krishnan & Cook, 2014;
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Michel et al., 2010; Rantz et al., 2015; Skubic et al., 2009; Stone & Skubic,
2011; Thomas et al., 2016), specific area (e.g., a bedroom, a dining room,
a living room, a bathroom, and a kitchen) (Basu et al., 2013; Cook et al.,
2012; Konstantinidis & Bamidis, 2015; Krishnan & Cook, 2014; Stone &
Skubic, 2011; Tapia et al., 2004), and specific objects (e.g., mattresses, win-
dows, cabinets, light switches, lamps, drawers, doors, DVDs, stereos, washing
machines, dish washers, and coffee machines) (Basu et al., 2013; Cook et al.,
2012; Dawadi et al., 2014; Krishnan & Cook, 2014; LeBellego et al., 2006;
Rantz et al., 2015; Skubic et al., 2009; Stone & Skubic, 2011; Tapia et al.,
2004).

Number of Sensors

Different sets of sensors can be used to keep track of activities of daily living,
which range from a single sensor to multiple sensors to cover throughout
the home (Cook et al., 2012; Fanti et al., 2017; Krishnan & Cook, 2014;
LeBellego et al., 2006; Michel et al., 2010; Rantz et al., 2015; Stone & Sku-
bic, 2011; Tapia et al., 2004). An empirical study (Nambiar et al., 2016)
reported that at least three sensors — minimally obtrusive sensors — would be
recommended to accurately detect physical activities of daily living in older
adults who transition between rooms.

DISCUSSION

This paper provided a general review of different types of sensors that are
recently used to monitor a wide array of activities of daily living and environ-
mental factors. Researchers and professionals are recommended to consider
comprehensively different determinants to design, develop, and use sensor
technology applications. Such determinants include the area to cover, the data
of interests, the location of sensors, and the target to detect. Yet, our reviews
found that there is lack of consideration of macroergonomics — e.g., intera-
ctions of the sensor technologies with both a user and relevant user contexts
such as an individual’s living environment, tools, and tasks. Although there
have been research efforts to review the use of sensors (Ando et al., 2015), the
reviews focused on technology advancement over macroergonomics. Future
research will be devoted to exploring how macroergonomics can influence
the implementation of sensor technologies in monitoring various activities of
daily living, especially for people with different needs.
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