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PERSPECTIVES

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 behav-

ioral 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 tech-

nologies for automated health monitoring, 

assessment, and intervention. For example, 

researchers have used capabilities found 

in ambient intelligent homes to fi nd 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 esti-

mated 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 con-

text awareness, smart homes provide well-

timed prompts to remind individuals to per-

form 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 identifi cation and 

estimation, as well as minimally intrusive 

load shedding and automation for energy 

effi ciency ( 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 intelli-

gence technologies, we can look at social-

ization within the home (such as entertain-

ing guests, interacting with residents, or 

making phone calls) and examine the cor-

relation between socialization parameters 

and productivity, behavioral patterns, and 

health. These results will help researchers 

not just to understand social interactions 

but also to design products and behavioral 

interventions that promote interaction, or 

to leverage existing social relationships in 

ways that infl uence interventions and pur-

chasing 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 reluc-

tant to introduce sensing technologies into 

their home, wary of leaving digital trails that 

others can monitor and use to their advan-

tage, such as to break in when the house is 

empty. To allay such concerns, researchers 

are investigating ways to define and pro-

vide guarantees for levels of privacy and 

for the safety of the technologies. Similarly, 

smart homes need to ensure that the resi-

dent 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 
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Coming soon to your home? In an ambient intelligent home, sensors collect information about the envi-

ronment and the residents. An “intelligent agent” uses this information to decide whether actions need to be 

taken to adjust, e.g., temperature or lighting. C
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Odd representation of a smart home? 



What are smart homes? 
A technological 
vision: monitor, 
automate & control 
 
An energy efficient 
vision: load 
management & 
energy citizenry 
 
A lifestyle vision: 
ease & security  
 
Core elements: 
(1) monitor 
(2) control 
(3) user interface 

SMART HOME TECHNOLOGIES
THE HOME AS AN ENERGY HUB
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While today’s homes are technically unsophisticated, this is likely to change.
With ever increasing focus on energy costs, it is widely recognised that we
cannot rely simply on changing people’s behaviour to achieve changes in energy
consumption – we need to develop technologies that actively help us to reduce
the our carbon footprint, while improving our quality of life.

HOME HELP FOR ENERGY
As well as ‘smarter’ appliances, a range of devices for generating and storing energy are
becoming available. These require co-ordination to respond to homeowners’ needs as well as
external factors such as variable tariffs or demand control requests. Sentec is already working
on the design of many of these smart devices and the systems that will integrate the
individual components to create a truly smart home:

SENTEC EXPERTISE
Sentec has the expertise from
feasibility study and design through
to type approval and production,
including areas such as:

• Metering and metrology

• Power management 

• Power electronics 

• Sensors for challenging applications
and cost constraints

• Grid connect and disconnect
regulations

• Mechanical design

• Display

• Communications including network
security

• Selecting and managing CEMs

SERVICES



Who uses smart home technologies? 

Method (6 steps) 
1.  Systematic literature review of research on smart homes and users 
2.  Identification of key themes in user representations (explicit & implicit) 

How are the users of smart homes represented and understood 
by researchers … and by industry service providers? 

n=538 
(before final filter) 

50 papers annotated so far 



Themes identified in literature review 

Three main research themes (made up of multiple categories) 

TECHNOLOGY 

related to other techs? 
addition substitute 

integrated 

USERS 

multiple users? 
universal multiple 

USE 

information flows 
user<-tech user->tech 

user<->tech 

Technology Design 

Purpose & Functionality 

also 

Who Users Are 

What Users Are Doing 

also 

User-Tech Interaction 

Interfaces 

also 

Conspicuousness 
etc. 

Types of User 
etc. 

Control & Automation 
etc. 



How does industry view smart homes? 

How are the users of smart homes represented and understood 
by researchers … and by industry service providers? 

Technology comes home

How will Accenture’s vision 
of Intelligent Home Services
improve the quality of life 
for the elderly and impact 
the performance of industries
who serve them? 

Smart 
Home 

Services

the way we do itUtilities

Method (6 steps) 
1.  Systematic literature review of research on smart homes and users 
2.  Identification of key themes in user representations (explicit & implicit) 
3.  Formalisation of themes in coding template (31 categories, 125 codes) 
4.  Content analysis of sample of industry publications (n=43) 



Sampling industry publications 

Manu%
facturer+

U-lity+

Service+
Provide
r+(B2B)+

Other+

Type%of%Company%(n=43)%

Websit
e'Text/
Video'

Broch2
ure'

Report'

Type%of%Material%(n=43)%

House&
holds*

Com&
panies*

Trades*Other*

Target'Audience'(n=43)'

Vision&

Sales&
pitch&

Other&

Purpose(of(Material((n=43)(

 were the publications 
selling a technological 
‘vision’ of the future? 



Analysis of industry views of smart homes 

emphasis in this paper: 
 

areas of convergence and divergence 

Method (6 steps) 
1. Systematic literature review of research on smart homes and users 
2. Identification of key themes in user representations (explicit & implicit) 
3. Formalisation of themes in coding template (31 categories, 125 codes) 
4. Content analysis of sample of industry publications (n=43) 
5. In depth characterisation of how smart home users are represented 
6. Confirmatory interviews with industry stakeholders (IBM, Sentec, Geo) 



Theme (1): Smart home technologies 

•  Pre-set ‘scenes’ or routines, 
fixed in ‘set-and-forget’ mode 

 “Set the rules once, and you’re 
 done!” (Philips) 

•   Either new, additional or integrated technologies.  
•   Modular, incremental roll-out in existing homes. 
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Ø  with over-ride or exceptionality 
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31"

not"clear"/"men/oned"
Background"+"Foreground"

Foreground"
Background"

Conspicuousness*of*technology*

•   Invisible technologies 
 “no new wires and messy 

 installation” (Z-Wave) 

•   Visible interfaces 
 “sleek user interfaces and 

 compelling graphics” (Intel) 



Theme (2): Smart home users 

•  ‘All purpose’ / general 
+ some specific segments 
 [though not according to 

 imagery!] 
38#

20#

9#

7#

Ra*onal#

Emo*onal#

Pragma*c#

Other#

Implied(user(decision/making(
(non$exclusive-counts)-

•  Mainly informed decision making 
(+ some ‘mood’ setting) 
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 � Intelligent control and automation 
saves thermal energy

The European Standard EN 15232 “En-
ergy Performance of Buildings – Impact 
of Building Automation and Building 
Management” places building automation 
systems into energy effi ciency classes 
A to D. The Synco living system achieves 
a class A energy effi ciency rating. As 
oil and gas prices continue to rise, that 
translates into signifi cantly lower energy 
bills – even in energy-effi cient buildings 
with a large building envelope.

Thanks to intelligent, high-precision con-
trols as well as automation and energy 
saving functions, Synco living can save 
you up to 30% on your energy costs – 
without sacrifi cing comfort. For example, 
the system prevents unnecessary heating 
during the night or when no one is home 
by reducing the room temperature. 

 � Comfort that increases effi ciency
The high control quality of Synco living 
ensures an even, comfortable room 
temperature and high energy effi ciency 
at the same time. You can also directly 
infl uence how much energy you use, 

for example by reducing room tempera-
ture during time of absence and by ad-
justing the room temperature with a time 
switching program to fi t your effective 
use times. And functions such as the au-
tomatic closing of all blinds are not only 
more convenient but save energy as well. 

Whether at the central apartment unit, 
locally in individual rooms or location-
independent and worldwide via PC or 
SmartPhone: Synco living is so simple to 
operate that you can easily set the entire 
system to be energy-effi cient and to 
signifi cantly reduce energy consumption 
throughout the building. 

How will Synco living help me 
save energy?
Synco living handles many tasks for you that reduce your energy consumption. 
For example, when you leave your home the system automatically turns off all 
the lights and reduces the room temperature.

Energy consumption in private households, 2006

About three-quarters of all home energy consumption 
is related to home heating.

3% lighting

5% household appliances

8% kitchen/laundry room

12% hot water

72% heating of living space

Source: UVEK, 2008

BACS Energy Performance Classes – EN 15232

BACS Building Automation and Control System
TBM  Technical Building Management System

High energy performance 
BACS and TBM

Advanced 
BACS and TBM

Standard 
BACS

Non-energy-effi cient 
BACS

39#
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Mul0ple#
Universal#

Poten&al)for)mul&ple)users)

•  Multiple users, 
household dynamics? 

•  Value proposition: (1) save energy & 
money; (2) security; (3) save time 

•  Targeting: housework &/or leisure 



Theme (3): Smart home use 

•  Interfaces: multiple, mobile, 
familiar, intuitive 
  “ease of use, with interfaces 

 similar to other popular 
 consumer devices.” (Intel)  

•  Ubiquitous, active control 
  “Your home is as 

 individual as you and the 
 way you live  should be 
 determined by you, not 
 the system.” (Philips)   

•  Issues of trust, confidentiality 
largely side-stepped 

5"
14"

2"
22"

not"clear"/"men0oned"
User4Control"+"Automa0on"

Automa0on"
User4Control"

User%control%of%technology%

14#

22#

22#

6#

2#
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11#

5#

Reliable#
Adaptable#

User5Control#
Security#
Privacy#

Warranty#
Credibility#

Other#

Trustworthiness,for,user,(non$exclusive-counts)-

but with ‘set and forget’ 



Conclusions: the smart home vision 
Convergence 
• Smart home technologies: modular, additional or integrated kit, 
introduced bit-by-bit into existing homes. 
• Smart home interfaces: multiple, mobile, familiar and intuitive.  
• Smart home users: anyone & everyone, for broadly ‘rational’ reasons to 
save energy, money, and time by helping with energy management, 
housework and relaxing. 

 “We create solutions that complement and enhance your lifestyle 
 … it’s about streamlining your life, not complicating it.” (Philips) 

Divergence 
• Smart home use: user-control, automation, over-rides.  
• Smart home practices: regular routines (set and forget), variability and 
exceptionality (instant control). 
• Smart home design: conspicuous (interfaces), invisible (sensors). 


