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Abstract
Technical advances are bringing intelligent homes that respond to residents’ needs and wishes
within reach.

Individuals spend most of their time in their home or workplace; for many, these places are
their sanctuaries. Over the course of the 20th century, technological advances have helped to
enhance the comfort and shelter provided by our homes. Insights gained from capturing and
modeling behavior in these places may be useful in making our environments more
intelligent and responsive to our needs. Recent advances are bringing such “ambient
intelligence” in the home closer to reality.

Since the miniaturization of microprocessors, computing power has been embedded in
familiar objects such as home appliances and mobile devices; it is gradually pervading
almost every level of society. Ambient intelligence extends the notion of computing to
provide customized, automated support that is so gracefully integrated with our lives that it
“disappears” (1). In the home, the idea is that computer software playing the role of an
intelligent agent perceives the state of the physical environment and residents using sensors,
reasons about this state using artificial intelligence techniques, and then takes actions to
achieve specified goals, such as maximizing comfort of the residents, minimizing the
consumption of resources, and maintaining the health and safety of the home and residents.

During perception, sensors embedded in the home generate readings while residents perform
their daily routines (see the figure). The sensor readings are collected by a computer network
and stored in a database that the intelligent agent uses to generate useful knowledge such as
patterns, predictions, and trends. On the basis of this information, the intelligent agent
selects an action and stores this selection in the database. The action is transmitted through
the network to the physical components that execute the command. The action changes the
state of the environment, triggering a new perception/action cycle.

Filling a home with sensors and controlling devices by a computer is not only possible, but it
is simple and commonly found in homes today. Sensors are available off-the-shelf that
localize movement in the home, provide readings for ambient light and temperature levels,
and monitor usage of doors, phones, water, and appliances. Tiny, inexpensive sensors can be
attached to objects to not only register their presence but also record histories of recent
interactions. Such smart objects can harvest their own energy, and recent standards facilitate
vendor-independent plug-and-play sensor design and modeling (2).

Proliferation of sensors in the home results in large amounts of raw data that must be
analyzed to extract relevant information. Most smart-home data from environmental sensors
such as infrared motion sensors and magnetic door sensors can be processed with a small
computer. Once data are gathered from wearable sensors and smart phones (largely
accelerometers and gyroscopes; sometimes adding camera, microphone, and physiological
data), the amount of data may get too large to handle on a single computer, and cloud
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computing is appropriate. Cloud computing is also useful if data are collected for an entire
community of smart homes to analyze community-wide trends and behaviors.

Currently, most users write rules by hand to interpret sensor data and to control devices. For
example, home owners installing home automation equipment must write their own rules for
when their lights turn on and off. Artificial intelligence (AI) plays a pivotal role in
automating this process. AI and data-mining technologies seek useful information on
resident behavior and the state of the home. Computer algorithms have been designed to
predict and identify activities performed in the home and to recognize emotions, body
mannerisms, and gestures (3, 4). These capabilities, as well as the abilities to recognize
activities, identify trends, make assessments, and take action, are becoming more available
and robust, but are not commonly found in actual homes.

The goal of much current research in ambient intelligence is to enable devices to interact
with their peers and the networking infrastructure without explicit human control. The
intelligent home must also be imbued with an awareness of the resident context (location,
preferences, activities), physical context (lighting, temperature, house design), and time
context (hour of day, day of week, season, year). Providing this type of context-aware
reasoning makes it possible to design environments that provide, for example, customized
lighting and temperature settings based on learned resident preferences; information
retrieval and displays that follow residents from computer screen to wall to tabletop; and
automated reminders to residents of important tasks they need to perform (5). As AI
research progresses, these services will increasingly be provided on the basis of detected
behavioral patterns, rather than rules provided by the user, as is currently the case.

Because ambient intelligence seeks to be both unobtrusive and ubiquitous, it can affect
almost every aspect of human life without drawing attention to itself. Three applications of
ambient intelligence in the home have received particular attention: health monitoring,
energy efficiency, and social computing.

Ambient intelligent homes offer technologies for automated health monitoring, assessment,
and intervention. For example, researchers have used capabilities found in ambient
intelligent homes to find a link between changes in mobility patterns and the onset of
symptoms of dementia (6). Motion sensors were placed throughout the home, and total
space covered throughout the day as well as walking speed were estimated for individuals
over multiple years. Changes in these parameters correlated with early symptoms of
dementia. Other researchers have used ambient intelligence technologies to perform early-
childhood screening for autism (7). Building upon context awareness, smart homes provide
well-timed prompts to remind individuals to perform familiar routines and to initiate new
health behaviors (8).

Monitoring energy consumption in the home is also increasingly important, because energy
consumption is rising at a higher rate than population growth, and households are
responsible for over 40% of total energy use in most countries. Ambient intelligent homes
facilitate smart energy management through nonintrusive load identification and estimation,
as well as minimally intrusive load shedding and automation for energy efficiency (9).

Another aspect of daily life is social interaction. Social signals have long been recognized as
important for establishing relationships, but only with the introduction of sensed
environments have researchers become able to monitor and measure these signals (10).
Building upon ambient intelligence technologies, we can look at socialization within the
home (such as entertaining guests, interacting with residents, or making phone calls) and
examine the correlation between socialization parameters and productivity, behavioral
patterns, and health. These results will help researchers not just to understand social
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interactions but also to design products and behavioral interventions that promote
interaction, or to leverage existing social relationships in ways that influence interventions
and purchasing choices.

The dream of ambient intelligent homes is, however, hampered by some formidable
challenges. A primary concern is the need to consider possible implications for privacy and
security. Many individuals are reluctant to introduce sensing technologies into their home,
wary of leaving digital trails that others can monitor and use to their advantage, such as to
break in when the house is empty. To allay such concerns, researchers are investigating
ways to define and provide guarantees for levels of privacy and for the safety of the
technologies. Similarly, smart homes need to ensure that the resident retains the ultimate
authority to reset the system and to impose constraints that prevent the home from taking
undesired or harmful actions.

Another critical challenge for home-based ambient intelligence is to provide intelligent
support seamlessly both inside and outside the home. With the introduction of wearable
sensors and smart phones, ambient intelligence is not limited to the home environment (11).
Our ambient intelligent agent needs to seamlessly merge support inside the home with that
available in a mobile setting. Smart homes currently offer useful monitoring and automation
with guidance from the resident. As the field matures, we anticipate that these services will
be provided in a more independent manner.
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Figure. Coming soon to your home?
In an ambient intelligent home, sensors collect information about the environment and the
residents. An “intelligent agent” uses this information to decide whether actions need to be
taken to adjust e.g., temperature or lighting.
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