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ABSTRACT

Background: It is a global challenge to assist the ever-growing elderly populations’ needs. There are needs related to health-
care, ageing in place, security, social and well-being of the elderly. Activity recognition enables continuous monitoring and pre-
vents a hazardous situation such as falls.

Hemalata Vasudavan!, Sumathi Balakrishnan?, Raja Kumar Murugesan3

'Asia Pacific University of Technology & Innovation, Kuala Lumpur, Malaysia; **Taylor’s University, Subang Jaya, Malaysia.

Objective: This paper discusses the type of sensors and processes involved to support the elderly to stay in their home inde-
pendently and continue their routine activities. Although this technology has been around for a long time, it has not been imple-
mented in elderly homes.

Conclusion: This multi-level processing system has many benefits if the data is processed to fit the needs of the resident ambi-
ent environment. However, the majority of the research detects single user environment almost perfectly. This paper focuses its
attention on research on composite activities and multi-users in an ambient intelligent environment. In addition to that, there are
also discussions on the benefit of activity recognition to the elderly, healthcare-related Activity Recognition (AR) and the technol-
ogy supporting AR.
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INTRODUCTION lifestyle of assisted elderly including their safety, security

and surveillance, healthcare, social connectedness, social
isolation, wealth management services, and many others.
In recent research, services for the methods and applications
have been classified into five which are Health

According to the United Nations (2017), it is estimated that
the 65 and over age group across several different countries
will rise to 28% by 2050. Figure 1 shows 2016 statistic in
Malaysia, revealing that 6% of the 31.7 million population is
elderly and further predicted that by the year 2030, the elder-
ly population will make up to 15% of the total population.'

Monitoring, Safety Monitoring, Nutrition Monitoring, So-
cial Network, Localization, and Navigation (Figure 1).* All
of these elements are important and includes some aspects of

The expectancy age of Ageing for various regions such as  tdoor and indoor requirements.*

African, Eastern Mediterranean, European, Western Pacific,

Americas, South East Asia and other parts of the world from
1950 to 2050 all shows a definite increase in the numbers.’

Elderly Centered Activity Recognition

With the increase in the elderly population, issues such as
the quality of life, prolonged independent living, reducing
caregivers’ time and healthcare costs should be tackled care-
fully. This research discusses activity recognition (AR) en-
vironment and Ambient Assisted Living (AAL). Currently,
there are many smart technologies developed to enhance the

These environments are found to be smartly assisting the
elderly and at the same time give great relief for the next
of keens and caretakers of the elderly as it can provide sup-
port in terms of supervision, alerting in case of emergency,
and prevention of potential fatality. The principles of AAL is
similar to smart home technologies except that it is skewed
to monitoring special conditioned residents such as the disa-
bled and elderly.? This intelligent environment allows the el-
derly to Age in Place (AIP). Figure 2 shows an example of
multiple sensors sensing the Activity of Daily Living (ADL)
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in an indoor and outdoor environment. Many research proved
that using multiple sensors increases the accuracy of recog-
nizing types of activity. Some of the most common sensors
found in smart homes are accelerometer which detects ob-
ject’s motion and movement, gyroscopes, on the other hand,
supports to find objects rotations and magnetometers sensors
detect the strength of magnetic fields.
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Figure 1: Malaysian elderly Populations (Department of Sta-
tistics, Malaysia, 2016).
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Figure 2: Sensors associated with the Activity of Daily Living
(ADL) in Indoor and Outdoor Environment.

As AR can help to fix these issues that can help facilitate
seamless monitoring services in their own homes which indi-
rectly helps to delay ageing as the elderly are very comforta-
ble in their own space.>* Opportunity to recover from illness
in their own home leaves positive impacts. This also can be
a benefit to their mental wellness. Figure 3 shows a statistic
on the living arrangement of ageing in Japan. Such statistic
for other regions and other latest report was difficult to trace
but Japan is always advanced in this area as their percentage
of the ageing population has increased tremendously.’

These statistics prove that a significant increase in living with
spouse alone, living alone and staying in old folks homes. To
be able to receive better and necessary assistance in their own
home and home care centres, the current acceptance of the ac-
tivity recognition model needs to be explored thoroughly.

HEALTHCARE-RELATED ACTIVITY
RECOGNITION

Several authors have recognized the potential of a Human
Activity Recognition (HAR) system that specializes in iden-
tifying patterns and expert systems.® This approach would
improve the cost of services for healthcare which eventually
takes off the burden of the elderly.” Healthcare systems are
needed to ensure the life of the elderly remain as smooth as
their younger days and minimizing their suffering from old
age and ailments such as Alzheimer’s.® Currently, there is a
growing range of sensor system which can devise automatic
activity recognition that possibly rolls out to other great ap-
plications that supports healthcare, comfort, and security.’

Other than that behavioural monitoring, location detections,
and other vital information that will be essential to assist
when the help arrives, thus can optimize the geriatric care
services'’. Nighttime wandering is one of the symptoms of
severe Alzheimer and can be a nightmare for the caretakers.
Through a customized ambient support system, Alzheimer
patients can benefit as it can help them to stay at home and
regain a circadian cycle, Figure 3. !!

LUving Arrangements of Senior Japanese:1960to 2005

Percentage of Ageing Citizen Living
"t
1
H
'
H

Figure 3: Living Arrangement Statistics of Senior Citizens of
Japan. Statistics from Japan National Institute of Population
and Social Security Research. 2008.
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PROBLEM WITH ACTIVITY RECOGNITION
SOLUTION

There is not a single solution to solve the problems faced by
the AAL actors*. The challenge is to improve activity recog-
nition performance, interpretation and inference. Therefore
it raises many questions on the effectiveness of classifiers
and sensors, obstruction in the environment, the pervasive-
ness of gadgets, privacy and security of data, the accuracy of
the result, variation in result of similar activity, sensor cali-
brations, and sensor placements, self-healing of technology,
recognition latency and performance of battery life. Most
importantly the activity classification for the specific actor
in that environment has to be accurate.

Although many research works points out that smart home
systems do assist greatly in AIP!? but problems still exist in
terms of connecting these well-designed robotic systems to
other systems. This is due to the lack of a unified platform
and integration of the platforms. To stress the significance of
interoperability, emphasized the connectivity, standards and
communication protocols plays a vital role in maintaining a
home network."

In a multi-user environment, the gathered data have ambi-
guities in its interpretation and prediction. In another re-
search, they proposed crowdsourced landmarks to support
a multi-user environment.' In any case, this will require nu-
merous data exchange between server and residents to gather
the crowdsourced landmark information, which eventually
slows down the system.

Each of the ADLs consists of simple and complex steps.
Activity recognition remains a challenge for simultaneous,
interleaved, parallel, sequential activities. The pattern of the
simple activities leads to the main activities and these are
called the composite activities'.

Simple activities are recognized as actions or events.'® These
simple activities such as walking and sitting are easy to rec-
ognize, activities that have more than one event is difficult
to recognize. Thus, more effort is required to recognize these
complex activities. Research shows that when there is the
presence of multi inhabitant in an intelligent ambient with
activity recognition it is deemed to be a detriment as the ma-
jority of systems does implicit assumptions based on object
detection and their location to the user.!’?

One study has categorized high-level activities into three that
is action (single user), interaction (multiple users) and group
activity®.

The technique used in research determines that the smart
relation between correlations and constrain which provides
a simpler understanding of the recognition of activity in a
complex environment.?’” Figure 4 shows a compilation of
types of the technique used to measure single and multi-

ple users in AR environment taken from various research
papers.

To recognize activities effectively there are three stages in-
volved that are activity sensing, activity modelling, and fi-
nally the inference of the type of activity. This is also be-
lieved to support a multi-user environment.

As mentioned accuracy improvement depends on multiple
sensors and continuous data sensing'> however, this will
result in a high number of data to be processed. Many meth-
ods such a data fusion, or sensor fusion are taken to classify
the activity and also eliminate the redundancy. Deep Learn-
ing and Machine learning support in extracting appropriate
data to recognize desired activities. Among its steps fea-
ture selection and feature extraction algorithms supports
extracting relevant data that accurately produce the type of
activity. Additionally, temporal reasoning refines the cor-
rectness of the algorithms®. Findings show that although
there are many methods to do sensor fusion, most of the
research does not specify any reasons for their usage.*® The
same research also compared heterogeneous sensors to
homogenous sensors which showed that the former gives
better performance. From that finding, it is suggested that
to get better performance in recognizing activities consider
research on the optimal sensor combination that may give
a better result.

TECHNOLOGY SUPPORT AND SOLUTION

There are four approaches to activity recognition, which is
some using wearable devices, video-based device, devices
in an ambient environment and Smartphone-based pervasive
devices? and also robotics. Ubiquitously networked robotics
has also become part of the activity recognition approach. It
is used in the new applications in which robotics systems will
render various assistive services. The contextual information
that is collected will be assisting the robot to automatically
provide services.?! Computerized approaches focusing on
continuous, objective, and quantitative assessment.”* Since
the accuracy of the recognition of the activity is a challenge
for real-world situations, implementation of temporal rea-
soning improves the accuracy of their algorithms. To iden-
tify (activities in real-time, using online sensor streaming
and also a set of different statistical spatiotemporal features
through the proposed windowing technique is used.! Recog-
nizing multi-user is using data location too determines the
position of the user indoors by using an indoor positioning
module (IP) that is based on Bluetooth technology. Another
more efficient method is to analyze the data from inertial and
acceleration sensors embedded on the user’s wearable device
or smartphone to track his or her movement. Additionally,
this can also be achieved in using vision-based techniques
for human activity recognition.’!*?
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These days the smartphone makes it possible for ubiquitous
healthcare service for anyone because the smartphones have
become a necessity in everyone’s life.'? These smart devices
itself gets more sophisticated with sensing capabilities, better
algorithm computing capabilities and intensive algorithms
on the mobile devices.’
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Figure 4: Taxonomy of Types of Activities and Techniques to
Measure Multiple User in an AR Environment.

Most smartphones are equipped with motion and location
sensors such as accelerometer, light sensors, magnetometer
and GPS. They can be integrated with the AAL system that
works together with other environmental sensors through
collecting information that determines environmental con-
ditions such as CO2 level, temperature and humidity '*
and Smartphones rapid improvement on its memory, a fast
processor(s) and the powerful battery provides a new oppor-
tunity for HAR researches as no additional devices are need-
ed (Figure 4). The most interesting improvement to smart-
phones is their capability to do high-level programming with
various visualizations. *

Although the battle in improving the performance and ac-
curacy of recognizing activities in a multi-user environment
continues the future work must cater to this large variability

of activities. Especially as human started to multi-task even
more than before. Therefore it is essential to continuously
monitor the living condition through fusing data acquired
from various wearable and mobile sensors, video, infrared
camera, image or object detections with other technologies
such as IoT, Machine Learning, Human Activity Recogni-
tion, deep learning and Cognitive IOT. 7

CONCLUSION

Activity recognition safeguards the elderly’s safety in emer-
gencies and identifies changes in their body by continuous
unobtrusive monitoring and accurate activity, lifestyle and
behavioural profiling stress the importance of monitoring
activities of daily living (ADLs) to continuously determine
their safety as they age. Activity recognition in a multi-us-
er activity home has to be improved to enhance the living
standard of the elderly. This is essentially where AR’s ef-
fectiveness is revolutionizing. Through powerful data pro-
cessing capability from the ambient intelligent environment.
AAL comes into the picture because its main aim is to aid the
elderly and the disabled to care for themselves independently
in their own homes.
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