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Abstract. Research in the field of Ambient Assisted Living gained considerable momentum over the last
decade and the diversity of existing applications is matched by a broad variety of implementation approaches.
This paper takes a closer look at existing work in this field and provides a structured overview over state-of-
the-art implementation concepts.

Keywords: Smart Medical Services, Ambient Assisted Living, E-Health, Intelligent Environments,
Ubiquitous and Pervasive Computing

1. Introduction

Ambient Assisted Living (AAL) applications provide an immense potential for enhancing medical
homecare, especially in the light of an increased importance of early detection and preventive care [31].
Remote patient monitoring does not only enable effective therapy support and the detection of abnormal
conditions in an early state, it also proofed to contribute to a significant reduction of hospitalization and an
increased success in long-term therapies [4][5][49]. The potential of technology-supported homecare was
empirically confirmed for a variety of applications, including self-monitoring and dietary education of
diabetic patients [46], remote patient monitoring and counseling [9], remote counseling for patients with
congestive heart failures [16], or remote cardiac arrhythmia monitoring [50].

The diversity of Ambient Assisted Living applications is matched by a broad variety of implementation
approaches. Looking at state-of-the-art prototypes shows that Ambient Assisted Living services can be
successfully realized through a variety of different implementation approaches and device types. This paper
takes a closer look at existing work in this field and provides a structured overview over selected applications
and systems. Hence, this paper is not a research paper in the traditional sense. Instead, it has to be seen as
scholarly article meant to provide a comprehensive overview over state-of-the-art implementation concepts
in the field of Ambient Assisted Living. With respect to existing AAL prototypes and research demonstrators,
it seems to be helpful to distinguish among the following five types of devices: mobile devices, smart
artefacts, wearables, implants, and robots. Similar classification schemes are proposed by Orwat et al. [31]
and Muras et al. [29]. The following sections provide a short description as well as exemplary systems for
each device category.

2. Mobile Devices

Mobile devices are probably the simplest form of providing medical assistance for elderly users. They
represent dedicated medical devices and, in most cases, can be easily recognized as such. Mobile medical
appliances are designed for a variety of different illnesses and usually provide monitoring functions
combined with patient-specific medical support. For example, the SenseWear armband is a wearable body
monitor that was designed for both normal subjects and patients with chronic obstructive pulmonary disease
and allows capturing body movement and energy expenditure [37]. A similar wrist-worn device called
HealthWear is available from BodyMedia. The system captures temperature gradients from skin to
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environment, mechanical activity and bioimpedance of the skin [21]. Other applications are embedded into
existing communication devices. For example, Vitaphone [47] is a mobile phone with integrated heart
monitoring functions, and Dr. Feelgood [26] is a combination of a PDA and mobile phone, which measures
various physiological functions. While these systems are usually designed to provide dedicated
functionalities, Youngbum and Myoungho [51] developed a multi-functional system, which enable users to
combine different modules. These modules include functionalities like fall detection, electrocardiograms, or
non-invasive measurement of blood sugar and oxygen saturation [23].

3. Smart Artefacts

The notion of Smart Artefacts describes technology-enhanced everyday objects, which are equipped with
sensors, memory and communication capabilities (see, e.g., [8] or [11]). Hence, they are able to capture
information about their surrounding, communicate with each other and react according to previously defined
rules [40]. Through their capability to interact with humans directly, they can help users to accomplish their
tasks in new, intuitive ways [3]. In contrast to mobile medical devices, the additional medical functionalities
of smart artefacts are usually not visible to outsiders. The Smart Pillow, for example, is an electronic
monitoring devices in form of a traditional pillow, which checks the user’s basic vital parameters, such as
respiration, pulse and body temperature, and in the case of an emergency or illness immediately notifies
medical personnel [35]. The Smart Sofa [20] is a sensor-enhanced couch that is able to identify individuals
sitting on it and provides personalized services based on this information. Smart Dishes is a set of intelligent
kitchen devices developed at the Massachusetts Institute of Technology [27], including, e.g., a smart pan that
can determine whether it is too hot to be touched, a spoon that provides feedback about the temperature and
viscosity of food, and a kettle that informs users how much longer they have to wait for their tea [6]. Other
examples of smart household objects include, for example, interactive tablecloths [36] or smart coffee cups
[10].

4. Wearables

Instead of an additional mobile device that has to be intentionally taken when users leave their stationary
computer, the concept of Wearable Computing envisions computers to be an integral part of our everyday
clothing. The goal is to have an always-on and networked computational artefact that assists mobile users in
a wide range of everyday situations. With respect to wearable health technology, two main streams of
research became prevalent over the last years: smart jewelry and smart clothes.

A notable example for smart jewelry is a series of Smart Ring devices developed by Asada et al. [1]. The
rings are wearable like traditional jewelry and equipped with saturation sensors, an energy supply and an RF
link [21]. With the Gesture Pendant, Starner et al. [44] developed a wearable control device, which
recognizes pre-defined gestures and corresponding control tasks. A variety of other examples for smart
jewelry were created by different designers like, e.g., Kikin-Gil [18], who developed smart jewelry for
supporting non-verbal communication within small teenage groups.

Another popular approach is to integrate medical monitoring devices into watches. Some devices are
already commercially available, like, e.g., the Actiwatch from Cambridge Neurotechnology. The Actiwatch
device is equipped with a miniature accelerometer that measures the general activity of its wearer. In
combination with additional sensors the functionality of the watch could be extended to monitoring insomnia,
mood, energy expenditure or the detection of periodic limb movement during sleep [21]. There are several
other examples of wristwatches offering additional medical functionalities, including cystic fibrosis testing
[25], glucose measurement [45], blood oxygen monitoring [48], or emergency calls [52].

One of the first examples of smart clothes was the Smart Shirt developed at the Georgia Institute of
Technology [12]. Different types of sensors are integrated into the design of the Smart Shirt, which allow
monitoring a variety of vital parameters, including heart rate, electrocardiogram (ECG), respiration,
temperature, or vital functions [7][13]. A further example for a wearable physiological monitoring system is
the Smart Vest [32]. The system allows monitoring multiple physiological parameters such as ECG, heart
rate, blood pressure, or body temperature, and transmits the captured physiological data along with the geo-
location of its wearer to remote monitoring stations [33]. Some systems are already available as commercial
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products, like the LifeShirt from Vivometrics, which includes a respiratory inductive plethysmography
system to monitor various cardiorespiratory parameters [14]. But medical technology is also integrated into
other pieces of clothing. The Actibelt, for example, functions like a traditional textile belt, but has a three-
dimensional accelerometer integrated in its buckle [39]. The sensor captures the type and intensity of
movement and allows monitoring the wearer's physical activity outside institutional settings over an
extended period of time. Other examples of smart clothes include active hip protectors [42], smart shoes [15],
intelligent knee sleeves [28] or smart baby bodies [22].

5. Implants

Dental implants are probably the most widely accepted form of medical implants. In most cases, sensor
and telemetry systems are integrated into an artificial tooth or crown invisibly located inside the patient's
mouth. One of the first systems was developed within the European project Saliwell and aimed at patients
with insufficient saliva production. The prototype of a dental implant is based on an electronic saliva-
stimulating device, which constantly monitors oral parameters and automatically restores salivation without
additional medication [41]. Other EU-funded research projects working on related topics are the
NanoTIMER project, which develops nano technology for mechanical-electrical resonators, or the HEALTHY
AIMS project, which aims at the development of nano-scale materials, sensors and microsystems for medical
implants. A further example for a dental implant is the /ntelliDrug system, an automated medication device
implemented in a denture [41].

6. Robots

The use of robotic systems for elderly care seems to be debatable and appears to be driven by a strong
cultural component. While there are numerous companies and research institutes working on care robots in
Asia, especially Japan and Korea, the research activities in this field in Europe and the United States are
almost non-existent. In general, medical robot systems are used for two types of applications. First, for
compensating a handicap of a user (see, e.g., [19], [24] or [38]) and second, for supporting users in carrying
out daily activities and tasks (see, e.g., [17] or [43]). One of the first robot systems offering medical home
care was KARES [ [43], a wheelchair-based rehabilitation robot. The system offered four basic services for
supporting severely handicapped patients in home environments. The functionality of KARES I was extended
in the second version (KARES II), which now supports twelve predefined tasks [2]. DO-U-MI [34] is another
nursing robot system especially designed for elderly and disabled people, which assists users in moving
independently in indoor environments. The system provides an easy-to-use interface and is able to detect and
localize human faces and sound sources in order to position itself for services. Jung et al. [17] developed an
intelligent bed robot system that actively helps disabled patients to move within their beds by monitoring
their postures and motions and supporting the body movement with a robotic manipulator.

7. Conclusion and Outlook

Research activities in the field of Ambient Assisted Living increased considerably in the last 5 to 10
years. Recent developments in the area of information and communication technologies lay the groundwork
for new patient-centered homecare solutions. While the majority of computer-supported healthcare tools
designed in the past focused mainly on supporting care-givers and medical personnel, this trend recently
changed with the introduction of assistive technology for providing supportive and adaptive services to ill or
disabled individuals at home. A variety of authors even expect the next generation of healthcare systems to
be mainly based on the homecare idea, thereby extending healthcare from the traditional clinic or hospital
setting to the patient's home. This development raises new challenges for the conceptualization and design of
future health technologies. While many medical and technical problems encountered in early prototype
systems have been solved by now, there is very little knowledge about the needs and wants of potential end
users if the next generation of electronic health technologies should be actually integrated into the patients’
homes.
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