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Use of sensors systems to monitor the mobility of elderly
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Abstract. Even presenting risk of falls or mobility difficulties, many seniors prefer to
live independently as long as possible. Thus, there is a need for solutions to enable
independent living safely and to strengthen family support. Among them are the
collection devices that assist in monitoring and quality of life of seniors. This paper
aims to conduct a survey of devices developed to capture signal monitoring and
mobility aid for the elderly. The devices were grouped into a main category (sensors)
followed by secondary categories in relation to the type of use of the sensors (aid
device with sensors, robotics and smart homes). Data were analyzed descriptively,
listing the products with the types of use. The study raised a total of 22 products. It is
observed that most of the feedback systems is to use sensor systems alone, without
being used in sets with other technologies like assistive devices or robotics. Most of
the technologies has been developed for detecting falls, and fewer tasks are transfer
and mobility in the community. We emphasize the importance of unity of catchment
systems signals with assistive technologies, in addition to monitoring the elderly
provide direct aid in performing the task performed.

1. Introduction

The population aging bring consequences at a global level, which are a major challenge today. The
WHO reports that in 2025 there will be 1,2 billion people over 60 years all over planet [1]. One of the
effects of aging is the increase in health problems and disabilities, but there are many possibilities for
prevention and improved functional capacity and physical limitations, cognitive and sensory resulting
from this process [2], such as the use of technology, systems monitoring and optimization of daily
activities.

Even with disabling health conditions, many seniors prefer to live independently as long as
possible and thus there is a need to seek solutions to enable independent living by improving the
security and family support [3].

Currently one of the areas targeted for investment in the quality of life of seniors is the
gerontechnology. Some of the goals of the gerontechnology area are prevention or retardation of
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declines associated with age, care conditions and deficiencies installed and improvement in quality of
life [4], for example, through assistive technologies to perform daily tasks, or catchment systems for
monitoring. The devices to capture signals with sensors are easy to use tools that can identify the
vulnerability, functional decline, predict mortality, as well as screening of conditions of life and
health, can assist in the evaluations of the elderly for optimization of health services. Therefore, can
enable the prioritization of care and improve the orientation on care [5]. Recently, the use of sensors is
very present to monitor elderly people mainly in their homes. Understood as an early approach of
disease, disability and risks based on the assumption that patterns of abnormal behavior can be
captured by environmental sensors [6].

Technological innovations such as smart homes known as Smart Houses are promising solutions.
These innovations should improve the quality of housing, care and life of residents, allowing seniors
to live more independently and reduce the burden on health services [7].

With the development of technologies that aim to care and due to the high frequency of falls in the
elderly, a very investigated area is the monitoring of falls by sensors. The evaluation of risk of falls
with simple methods and objectives are necessary and, assessment schemes based on sensors, can
differentiate the elderly who fell from those who did not have [8].

Mobility is represented in the International Classification of Functioning Disability and Health
(ICF) by classifier d460 — Moving around in different locations, that can be subdivided into: d4600 —
Moving inside the house; d4601 - Move inside buildings than own home; d4602 - Move out of your
home and other buildings [9] (Figura 1).

Ambulation for detecting

MOBILITY falls
ICF d460 — L
. Mobility in the
Moving around community for location
in different
locations
Transfers

Figure 1. Classification system of the devices on the mobility activity monitored based on ICF [9]

This study was guided by the problem of elderly mobility and considering the need to investigate
what has been researched and developed on this thematic. Insofar as the technological resources
become important for improving quality of life and promote independent living for elderly, enabling
monitoring, assistance and intervention in cases of emergency, this study aims to conduct a survey and
description of devices with sensors for monitoring and assisting in the mobility of these subjects.
Moreover, given the great diversity of use of the devices to capture signals, this study classified the
products found according to their type of use (assistive devices with sensors, robotic systems).

2. Methods and materials

This is an exploratory and descriptive study.

For data collection, we performed a study of the mobility sensors through searching on websites of
laboratories for developing technologies for the elderly, journalistic news sites, as well as in scientific
papers in the area of health and bioengineering in the Pubmed and Scielo using the keywords: sensors,
sensor networks, monitoring technologies; gerontotechnology; monitoring elderly and falls
monitoring, in Portuguese and English. We included both devices available in the market such as those
under development published from 2009 through 2013.
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Were selected devices that monitored or assisted the mobility activity being excluded monitoring
devices only routine, vital signs, among others. The data were classified according to their type of use
as shown in Figure 2.

The main category, sensors systems, in accordance with figure 2 refers to the sensors themselves.
Sensors are "devices that can detect and record the electromagnetic radiation in certain range of the
electromagnetic spectrum, and generate informations that can be turned into a product that may be
interpreted, either in picture form, in graphical or table”. [10]

The subcategories of sensors systems were chosen in relation to the use of these devices together
with other types of technology. Considering that not necessarily all sensors are used in conjunction
with other technology, these, used alone, are classified in the item sensor systems. T hose who have
use in other types of devices may be classified as:

1)  Assistive devices with sensors: are capitation systems (sensors) associated with a support
tool, such as a inteligente bengal beyond to informe the way it should be done and also assists in the
gait. According to ISO 9999 [9] assistive products are "any product (including devices, equipment,
tools, technology and software) especially produced or generally available, which is intended to
prevent, compensate, monitor, mitigate or neutralize weaknesses, limitations in activity and
restrictions in participation”.

2)  Robotic Systems: are machines with integrated technology systems and controlled as well as
monitoring establish a direct relationship with the subject. A robot is a reprogrammable manioulator
designed to move material parts, tools or special devices in variable programmed moviments for
performing a variety of tasks [11].

Assistive devices
with sensors

Sensor Systems

Robotic Systems

Figure 2. Classification according to the use of sensor systems

Data analysis was carried out through the description of the devices and their category was
correlated with the type of use and the tasks involved.

3. Results

We surveyed a total of 22 sensors facing mobility, the table 1 shows the devices on the
classification of the type of use and type of monitored mobility task. The devices collected in this
study refers to technologies that monitor ambulation of subjects both to detect falls at home or away
from home, as the mobility in the community that assist in the localization of the elderly and aid
transfers (moving passage from sitting to standing and vice versa).

Table 1. Devices and classifications for the type of usage and activity monitored

SENSORS SYSTEMS
ACTIVITY MONITORED DEVICES
Ambulation for detecting falls Sensor system adhesive skin [12]; Camera system

of artificial intelligencel[13]; Pre-impact detection
sensor [14]; HONEY- Ambient sensor [15];
Moviment sensor-QuietCare[16]; eNeighbor[17];
CARE system[18]; eCAALYX system[19]; HOPE
system[20]; ROSETTA system[21]; SOFTCARE
system[22]; Prevision system of fall [23]; Gait
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Mobility in the community

Measurement System [24]

Smartphone app Teo My Geo[25]; REMOTE
system[26]; Tactile Belt for locomotion [27]

ASSISTIVE DEVICES WITH SENSORS

MONITORADE ACTIVITY
Ambulation for detecting falls

Mobility in the community

Transfers

DISPOSITIVOS
Cellphone BP[28]

Intelligent Bengal “The Aid”[29]; Intelligent
wheelchair[30]; VA-PAMAID [31]

Intelligent wheelchair[30]

ROBOTIC SYSTEMS

ATIVIDADE MONITORADE ACTIVITY
Ambulation for detecting falls

Mobility in the community

Transfers

DISPOSITIVOS
NAO - rob6[32]

ASTRO - robot [33]

Regarding the type of use of sensors aimed at monitoring of mobility, was observed, according to
graph 1, which approximately 75% are the sensors themselves, used alone, others used in conjunction
with assistive devices and robotic systems appear in smaller amounts.

Types of use of sensors systems

M Sensors systems

M Assistive devices with
sensors

Robotic systems

Graph 1. Classification according to the type of use of sensors

Regarding mobility activities monitored or helped by the catchment signals systems, most, about
75%, is for detect falls. Already mobility in the community to aid in the location and aid in transfers
appears in smaller quantities, as shown in Graph 2.
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Classification according to mobility tasks
monitored

M Falls detect

B Mobility in the
community to aid in the

location
M Transfers

Graph 2. Classification according to mobility tasks monitored

Among the sensors systems it's possible to observe that only 3 of the 16 in the category, are for
monitoring of mobility for location the person and the rest 87% are focused on the detection of falls.
Most sensors to detect falls are used in systems with many interconnected sensors, as eNeighbor,
CARE System, System eCAALYX, HOPE System, System ROSETTA, SoftCare System and
Prediction System of falls. Some examples can be seen in figure 3.
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Figure 3. Interconnected sensors for detecting falls. In the left the eNeighbor System and in the right the
CARESystem
Source: Health Sense (2013); Belbachir (2013)

The other devices are unique sensors that may be coupled to the subject's body or be present in the
environment, as shown in Figure 4.

(e

Figure 4. In the left the drawing of adhesive skin sensor and in the right is the motion sensor QuietCare

Source: Narasimhan (2012); GE Reports (2013)

Regarding sensor systems for localization during mobility, the program for Smartphone Teo My
Geo (Figure 5) helps caregivers to locate the elderly when it leaves your home and also allows
recording data of the health conditions of the elderly. Already the REMOTE system is a system that
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includes sensors and actuators that monitor the movement and location of the elderly and also allows
you to monitor vital signs, posture, body temperature and environment. Finally the tactile belt with
sensors (right on Figura5) uses technology of GoogleMaps to set the path and through vibrations
indicates to the subject how much more he must still walk and the direction, allowing caregivers to
monitor the elderly and reprogram the paths. It's suitable for people with visual impairments and
cognitive.

Medical Info

Figure 5. Program to Smartphone Teo My Geo in the e and Tactilé belt iﬁ the right
Source: Moore (2013); Zelek (2012)

Among the devices with support for mobility with sensors found, has the cell phone BP used to
detect falls, which detects sudden movements that may indicate a fall, and when this happens the
phone automatically dials for different pre-programmed numbers to search for aid. This phone also
allows you to organize schedules for drugs beyond communications activity. The other devices were
found to intelligent Bengal "The aid”, the intelligent wheelchair and walker robotic VA-PAMAID
(Figure 6) that are geared for mobility in the community. The Bengal 'The aid " provides through a
GPS system , and a wireless headset which way the elderly must take to reach its destination, and also
monitor the vital signs . The intelligent wheelchair has an robotic system with detection module and
information to aid in mobility, system to aid in transfers , adjustment of backrest and seat for different
activities , automatic pressure relief , and a telehealth system integrated with Tablet serving as a
channel communication to the distance between the subject and his family and caregivers . Already the
walker with the robotic system , is a device designed to provide physical support and obstacle
avoidance , as well as assistance in mobility for individuals with visual deficits. These last two devices
were classified as assistive device, despite having robotic technology, because their primary objective
is to assist in a specific task, the mobility.

T ‘ Jm

Figure 6. Bengal "The aid" in the two figures on the left, then the intelligent robotic chair and the robotic
walker VA-PAMAID
Source: Designboom (2011); Hsu et al. (2012); Rentschler (2004)

Robotic systems appeared in smaller quantities, one of them, the robot NAOQ, is facing the detection
of falls and the other, the robot ASTRO, for help in transfers (Figure 7).
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The NAO robot has different sensors and devices, including cameras, microphones, distance
sensors, voice synthesizer and speakers, and can capture sensor alarms at different locations in the
house and getting to the location to verify one complication. The robot ASTRO has a lever technology
that assists in transfers, plus a place to help to load objects during locomotion. It also allows
communication with caregivers and family members remotely via a monitor that can also provide
information on health care.

vl f\ £ S i
i&L :M : -

Figura 7. Robd NAO 4 esquerda e ASTRO a direita
Fonte: Bick et al (2012); Cavallo (2013)

Thus, from this sample there is a variety of types of use of sensors and tasks related to mobility that
they can help, such as detecting falls, the looking for help, assistance to locating paths during mobility
in the community, assistance in transfers, and support to load objects during locomotion.

4. Discussion

Most devices were sensor systems used alone, which are used as a set of this devices. However,
when used in conjunction with other technologies such as assistive devices and robotic systems
appeared in smaller amounts (25% of the collected products).

The robotics itself already has into their devices the signal capture systems. On the other hand,
assistive technologies (assistive devices) defined as equipment and services to optimize functional
problems encountered by individuals with disabilities [34] and that aims at reducing the gap between
the ability of the subject and the control their environment. [35], generally haven't sensors capturing
signals in their development. The association between the sensors and the assistive technology has
great potential to aid the elderly since they can promote the direct aid to tasks performance, facilitate
monitoring, enable of risk perception and assistance in case of emergency.

Through the products collected, it was observed that most of the systems is directed to the detection
of falls. This is in agreement with the high incidence of falls in this portion of the population. Aging is
a dynamic and progressive process, which presents both morphological, biochemical and functional
properties, which can generate functional losses, including postural instability, which occurs due to
changes in sensory and motor systems, leading to a greater tendency to fall. [36]

Still, the task of transferring from sitting to standing and standing to sitting also creates risks for the
elderly who may suffer a fall during movement due to decreased muscle strength or joint diseases. In
the study of Gananca et al. [37] tasks that presented more risk for falls were: ambulation (53.1%),
descending / climbing stairs (10.9%), postural transfer (9.4%) and bathing (6.3%). Thus, despite
appearing less compared with ambulation, transfers are movements that deserve attention when
considering the development of technologies for mobility of seniors.

In the same sense, is known about the prevalence of cognitive decline, especially memory deficits,
arising from aging itself as well as chronic diseases such as Alzheimer's. Among the difficulties



9th Argentinean Bioengineering Society Congress (SABI 2013) IOP Publishing
Journal of Physics: Conference Series 477 (2013) 012010 doi:10.1088/1742-6596/477/1/012010

presented by the elderly with memory loss has the difficulty in locating yourself at home as well as in
the community [38]. In this perspective, it is important to think of technology can, through signals
catchment systems, provide the location of the elderly and help you reach your destination, as well as
provide information to families and caregivers of the place where the senior been to prevent that he get
lost. These technologies that enable the location and direction of the elderly were seen in some of the
products found in this study.

Finally, it is noteworthy that most of the products described has multiple functions, not just
monitoring or assistance in mobility tasks. It is observed that many devices also monitor vital signs,
health conditions, carrying out tasks in the home environment, and promote the possibility of distant
communication with family members and caregivers. This shows an improvement of technologies
which aim to encompass the entire subject, and can meet different demands.

This study allowed a view of the current landscape of signals catchment technologies developed to
aid the monitoring of the mobility tasks of elderly, and also support for both motor and cognitive tasks
of spatial orientation. From this, it is possible facilitate future studies on these equipments, enabling
the identification of devices still produced in less quantities, as well as the improvement of those
already deployed.

5. Finals Considerations

This study enabled the survey and description of the use of signals collection devices for monitoring
and assistance for mobility tasks to the elderly. Despite the few products collected, considering the
short time involved in the collection (from 2009 to 2013), the findings contributed to the reflection of
aspects that can be covered by the sensor devices, for example, their use in combination with
technologies assistive devices or support that may offer a wider care to family and the elderly. It was
possible to verify the search for solutions for the risk of falls in the elderly, that was the task more
monitored by the systems. This demonstrates the concern of researchers and development teams of
technologies to meet the great demand of this population. This study suggests the need to conduct a
survey with more devices to check other areas of monitoring and assistance to elderly mobility by this
tecnologies.
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