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Abstract

In this paper, the recent advances of sensors incorporated in assistive technologies are presented.
Based on the function and operation of modern assistive devices, a variety of sensors are de-
scribed with their features and applications. Further improvements and future trend are pointed
out and discussed.
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1. Introduction

The world’s population age 65 and older is growing by an unprecedented rate. An aging population with a long-
er life expectancy results in a larger population of fragile elderly, the chronically ill and those requiring rehabili-
tation [1]. In 2012, the percentage of the world population who are more than 65 was 6.9%, and this is estimated
to increase to around 20% by 2050 [2]. Due to the increase in this proportion of the population, this has created a
growing need for innovative approaches to deliver care services for older adults. In the next two decades there
will be a significant increase in the elderly population and this in turn will result in a much greater need for ef-
fective assistive devices.

In addition, persons with disabilities are less likely to be employed. A 2013 study showed that 46% of the
people ages 21 - 64 with a disability were employed and a significant number of those were employed part time.
These figures compare with an employment rate of 84% for those without a disability [3]. These population de-
mographics clearly indicate that over the next 20 years there will be a rapidly expanding need for assistive de-
vices of all types.

Various governments around the world are investigating various methods of keeping the elderly and disabled
people involved socially and economically for longer in addition to reducing the number of them needing insti-
tutionalization. With improved sensing and communication technologies, motion tracking has made assistive
living and environment possible [4]. Assistive environment provides many health care solutions including
in-home care for the elderly and the disabled.

Sensors have four main components: sensing, processing, communication, and energy/power units. Body
sensors fall into two main categories, implantable and wearable. The former measure parameters inside the body
and mostly operate as interfaces to relatively small software components attached to or implanted into human
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bodies. The implantable sensors provide bidirectional communication interfaces between a person and a remote
information system that provides healthcare services, diagnosis, or upgrades [2]. Wearable sensors, although not
as invasive as their implantable counterparts, nevertheless must withstand the human body’s normal movements
and infringe on them as little as possible [5].

Efficient sensors with the assistive devices could enable early disease detection, remote diagnosis and the in-
dependent living of elderly people and chronically ill patients [6]. Recent developments in ambient assistive liv-
ing technologies have demonstrated the feasibility of using ambient sensors in supporting independent living [7].
Unlike wearable sensors, they tend to have more battery and processing capacities, but have limited use in cap-
turing physiological information or in multiple occupancy dwellings.

The purpose of this work is to present recent advances, development and application of sensors for assistive
devices that have been used for aged care and assisting persons with disabilities. Therefore, researchers and
practitioners will be aware of the challenges in this area. The paper is organized as: Section 2 presents a variety
of sensors applied in assistive technologies; finally, Section 3 concludes the paper.

2. Sensors Used for Assistive Technologies

The definition “assistive technologies as a product, equipment or device, usually electronic or mechanical in na-
ture, which helps people with disabilities to maintain their independence or improve their quality of life”, has
been given by the Australian Dementia Resources Guide in 2008 [8]. This definition has extended the use of as-
sistive technologies from devices to help adults with disabilities to products facilitating the seniors’ daily lives
[9]. As the sensor technology advances, assistive devices have been able to detect various kinds of physiological
variables.

Wearable devices may be categorized according to their functional aim, including monitoring system, iLife
fall detection sensors [10] [11] recognize and react to falls, Health buddy which measures and records vital signs,
PROACT [12] [13] glove which monitors contact with everyday objects and SenseCam [14] [15] which im-
proves retrospective memory.

2.1. Sensors Incorporated in Assistive Robots

Robotic technology for supporting human activities, such as intelligent wheel chairs [16] [17], prosthetic limbs
[18] [19], and wearable robots [20], have been studied for their practical use in various aspects of daily life. As
mobility declines it becomes increasingly difficult to maintain independence. Increasingly assistive devices for
mobility are proposed, examples include the robot suit, “designed to help the elderly and enfeebled to walk and
carry heavy objects”, which is designed to support bodyweight, reduce stress on the knees, help people climb
steps and stay in crouching positions.

In [21], three infrared (IR) sensors are mounted on the robot hand as Figure 1, in order to control the robot

Figure 1. Hardware of IR sensors [21].
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hand to grasp objects using the information from the sensors readings and the interface component. The IR sen-
sors are used for proximally sensing the object distance and providing a corrective signal for the hand to close in
on the object. Besides, tactile sensors are employed in the system with contact based sensing methods.

The first capability is that the hand can autonomously move to a suitable pre-grasp position if at least one of
the three sensors detects the object. In the pre-grasp position, the robot can directly close the hand to grasp the
object. The second functionality of the system is collision avoidance, for the reason that it will keep a distance to
any object. With more sensors detecting the object, the distance would be larger. Thirdly, the system is robust.
The end-effector even can track a mobile object. KINECT is employed as the sensor to collect human joint posi-
tion data, then the robot could mimic human after mapping between their joint coordinates. At the same time,
the human hand gesture could be recognized as open or closed, which could provide the signal for the robot to
open or close hand.

Any sensor is designed to detect and locate objects and to provide user with information that allows him to
determine the dimension and height of the object, its position and direction of movement. Pre-touch sensing,
whose ranges are between tactile sensors and vision, has been employed for short range perception. [22] [23]
describe Electric Field pre-touch which aligns robot arms with objects and fits the fingers for pre-shaping.

Optical infrared sensors are introduced for pre-touch during final grasp adjustments. The method in [24] de-
tects the orientation of an object surface using the IR sensors that fit inside the fingers. However, [24] can only
adjust the fingers, and [25] can only be used for one dimension of the end-effector. [26] equips IR sensors on a
gripper to fit the griper for a normal force to the object boundary.

In [27], autonomic sensing is proposed for sensor networks. Autonomic sensing enables the assistive robots to
be self-managed, self-configured, self-optimised, and self-adapted. Allowing managing itself will enable unob-
trusive sensing and facilitate the adoption of the technology for long-term care applications. A novel self-orga-
nizing sensor network is designed for a home monitoring application with both wearable and ambient sensors
based on cluster network architecture. A typical home environment is a relatively short-range sensor network.

2.2. Sensors for Assistive Smart Chair

As age-related progressive conditions and diseases set in, the elderly might need to change their chair to enable
them to get up or sit down as their condition worsens. However, most electric chairs do not offer muscle resis-
tance and are unable to provide personalized services because they simply follow a set cycle to the users result-
ing in their conditions deteriorating faster. In order to solve this, the sensing techniques [28] has been utilized
for the assistive smart chair to capture the user’s posture or intention in terms of different significances, sub-
conscious signal extracting, and pattern recognition.

An assistive stand-up robotic chair [28] is developed features 3 DOF motion with an innovative data fusion
framework which integrates sensing data acquired from seat, arm, and feet reaction force sensor [29] as in Fig-
ure 2. The robotic chair detects assistive person’s intention integrating different types of sensors.

The sensing techniques to capture the user’s posture or intention can be introduced in terms of different signi-
ficances, sub-conscious signal extracting, data-fusion, pattern recognition and interpretation, respectively. A
haptic sensing chair with applied pattern recognition technology is introduced in capable of classifying the sit-
ting postures into a pre-defined model [30] [31].

In the research of [32], a wheelchair based depressurization system is particularly designed for sedentary pa-
tients to eliminate or reduce the pressure concentrated point which could increase the risk of pressure sore.
Moreover, in the rehabilitation point of view, motion assistance can be achieved for those patients who intend to
change a posture however cannot manage it with their own physical strength. The shifting of subject’s centre of
gravity (COG) shows the tendency of patient’s movement, which can be captured by the pressure distribution
sensor through certain algorithm [33]. In the study of manipulating a motorized wheelchair with the patient’s
own upper body inclination, pressure sensing films are mounted on the seat pan and seat back respectively. The
sensing system contributes to recognize the behavioral pattern where the shifting of COG can be extracted, im-
plies the patient’s degree of indication. Thus, by moving upper body back and forth the user can drive the
wheelchair along longitude direction, while leaning left and right functions as a steering wheel.

2.3. Sensors Used in Wearable Devices for Fall Detection

Recent researches estimated that each year, in the U.S., nearly 30% of elderly people incur in falls, and the
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Figure 2. The standing up robotic chair equipped with inte-
grated sensor networks [28].

likelihood of falling increases substantially with age. Falls may directly result in traumas, fractures, permanent
disability, or even death. Hence, falling is a major concern for older people due to the higher risk of breakages
that results from a lower bone density associated with aging [34]. It is therefore imperative that their support
team is alerted in the event of a fall to minimize distress associated with injury. There are devices that seek to
monitor an assisted person’s status or activities, and devices that provide active support.

iLife fall detection sensor which is worn by the assisted person, may be utilized in conjunction with the Inde-
pendent LifeStyle Assistant system [10]. This integrates individual devices and augments them with reasoning
capabilities enabling the assisted person greater independence. This iLife fall detection sensor not only triggers
when abnormal body movements or extended periods of inactivity are detected, but also can be activated ma-
nually by pressing a distress button.

In [35], the authors describe two fall sensors, an embedded video-based one and a wearable accelerometer-
based one, which can be managed within a data-fusion-oriented framework, implementing policies aimed at
maximizing system reliability and minimizing the presence of false alarms. The two sensors can be integrated
into a modular architecture to compensate for each other’s limits, favoring the development of a harmonic,
modular and easily extensible system able to manage different areas of the environment.

The video fall detector is based on a digital camera and a FPGA programmable logic, able to locally process
the images and to transmit to a server only aggregated information relating to the ‘state of alert’, with obvious
advantages in terms of end users’ privacy. The wearable accelerometer-based sensor is based on a new powerful
soft-computing paradigm which makes it possible to extend the task it performs to detecting a whole set of situ-
ations, and therefore to make the whole architecture more flexible.

The visual sensor is used to send a central supervision system only aggregated information and not the whole
video stream. The sensor output consists only of signals that account for the ‘state of alert’ on the potential oc-
currence of a fall. When used in conjunction with other sensors (audio, wearable, etc.), such a compact, eco-
nomical and little-invasive device can provide a description of the environment being monitored [35]. In [36] the
authors speak of their plans to use additional sensors, such as RFID for object localization, floor-mounted vibra-
tion sensors for fall detection in privacy-sensitive areas, and infrared cameras, in conjunction with their smart
cameras, for additional tracking and health monitoring capabilities.

2.4. Sensor Network Used in Assistive Technologies

For speech- and hearing- impaired disabilities, non-verbal form of communication is very important. To alle-
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viate the communication problem among speech-impaired disabilities, an assistive technology that provides a
more convenient and less time-consuming means of communication is required. An assistive device for speech-
and hearing- impaired disabilities has been developed based on the Body Sensor Network (BSN) technology [6].
In the system, real-time recognition of American Sign Language (ASL) fingerspelling gestures is performed
based on input signals acquired from a wireless sensor gloves. The recognized gestures will then be mapped into
corresponding sounds using speech synthesizer.

In [37], a framework for constructing the fingerspelling gesture recognition model based on the data acquired
from a wireless BSN sensor glove is proposed. The glove consists of five flex sensors and a 3D accelerometer
providing a measure of finger bending, as well as motion, orientation of the hand, recognition and a speech syn-
thesizer as shown in Figure 3. The flex sensors placed along five fingers are used for detecting finger bending
and the 3D accelerometer placed on the back of the hand is used for detecting hand orientation and motion. Data
are transmitted to the computer via BSN node placed on the wrist.

In [38], the authors developed a prototype for a working rehabilitation system that would operate safely and
accurately in the home of an elderly or recovering patient. The shoe insole and sensor are inserted into the foot-
wear of the user as shown in Figure 4. In this insole, FlexiForce sensor is used to measure the force on the ball
and the heel of the foot. The sensors implanted in the legs of the walker are used to collect data to help identify
the patient’s prognosis during the recovery period. Recovering patients can be monitored while they walk and
use their walker in their daily lives. The FlexiForce sensors are used in both the walker and the shoe insole. The
sensors aided in the determination of force distribution over the toe of the insole and the legs of the walker. The
Tiny Bee Tri-Axis Accelerometer is used in the shoe insole to sense the degree of pronation and supination in
the foot. The accelerometer is made by EVBPIlus. These sensors output three analog voltages, each proportional
the amount of gravitational force experienced along three axes.

In recent years great advancements have been made with prosthetic technology aided by advancements in
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materials science and sensors technology. Buckley et al. [39] introduced a sensor suite framework for the partial
automation of prosthetic arm control allowing high level control with a reduction of cognitive burden placed
upon the user.

A framework is established to use interchangeable sensors to emulate the low level hand-eye co-ordination of
a healthy individual. A shoulder mounted depth sensor is used to obtain environment information to be used to
locating the target object relative to the prosthesis. Sensors applied in the system include: Laser range finders,
stereo cameras, and structured light. When combined together these sensors mimic the natural way in which a
user co-ordinates arm movement to a sufficient extent as to allow low level control to be taken over by the sys-
tem freeing the user into a more high level role.

3. Conclusion

This paper has attempted to present a variety of sensors incorporated in human assistive technologies with their
features and applications. Through introducing different types of sensors, it is important to point out that sensors
used for assistive technologies must consider aspects such as safety, scalability, autonomy, privacy and its im-
pact on the care of the users. Advances in sensors can produce powerful and very rapid movements through a
large operational space in development of assistive technologies. Hazard threats arise from unintended contact
between assistive devices and humans. Therefore, careful thought needs to be given to hazard assessment while
the researchers design the human assistive devices using appropriate sensors. Future research should also con-
sider the interaction between human and assistive devices using sensors to maintain physical and cognitive func-
tional capabilities.
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