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ABSTRACT 
Ambient Intelligence (AmI) i s a  new world where computing devices  a re  s pread  e verywhere, which 
allows the   human  be ing  t o  i nteract i n  ph ysical e nvironments  i n  a n  i ntelligent  a nd unobt rusive  
manner. Ambient Intelligence combines the concepts ranging from ubiquitous computing to autonomous 
and intelligent systems. The main vision of ambient intelligence is to ultimately provide empowerment to 
the c omputers w ith t he be nefits of  a dded c onvenience, t ime a nd c ost s avings, a nd pos sibilities f or 
increased safety, security, and entertainment. The technology has the potential to significantly impact the 
traditional  bus iness a nd g overnment pr ocesses, as w ell a s pr ivate l ife. T he pa per de scribes a bout t he 
developments in ambient intelligence till da te and its closely related counterpart, ubiquitous computing 
and communication. It discusses the driving forces behind this digital information technology, description 
on the equipment and devices involved and considers the future view of the technology. 

INTRODUCTION 
The t erm "ambient" i s de fined by M erriam-
Webster's dictionary as "existing or present on all 
sides".  A mbient Intelligence is  de fined by th e 
Advisory Group t o t he E uropean C ommunity's 
Information S ociety T echnology P rogram 
(ISTAG) as "the c onjuction of  ubi quitous 
computing, ubi quitous c ommunication, a nd us er 
adaptive interfaces" . Ambient intelligence (AmI) 
refers to electronic environments that are sensitive 
and responsive to the presence of people. Ambient 
intelligence is a vision on the future of consumer 
electronics, t elecommunications a nd c omputing. 
In an a mbient i ntelligence w orld, d evices work 
with the  pe ople  t o support them in carrying out 
their da ily li fe activities, tasks a nd rituals in an 
easy a nd na tural w ay us ing i nformation a nd 
intelligence t hat a re hi dden i n t he ne twork. B y 
using t he ubi quitous c omputing de vices ,t he 
objective of  A mI i s t o increase t he i nteraction 
between hum an beings a nd digital inf ormation 
technology. C onventional c omputing i ncludes 
user i nterfaces (UIs) s uch a s ke yboard, m ouse, 
and visual di splay unit; w hile the  la rge a mbient 
space t hat c ontains t he user i s not  ut ilized a s i t 
should be. AmI on the other hand uses this space 
in t he f orm of , f or e xample, s hape, m ovement, 
scent a nd s ound recognition or  out put. W ireless 
networks w ill be  the  do minating te chnology f or 
communication between these d evices. T he 

combination of s implified use and their ability to  
communicate w ill i ncrease efficiency for us ers 
and w ill, t herefore, create va lue, l eading t o a 
higher d egree of  ubi quity of c omputing de vices. 
Examples of  such devices r anging f rom common 
items s uch a s p ens, w atches,  a nd hous ehold 
appliances t o s ophisticated c omputers and 
production    equipment. AmI  involves three main 
components: ubi quitous c omputing , ubi quitous 
communication, and user adaptive interfaces.  

Ubiquitous Computing     
Ubiquitous c omputing i nvolves t he i dea t hat 
something ex ists or  i s everywhere at t he s ame 
time on a constant level, functioning invisibly and 
unconfidently i n t he background and f reeing 
people to a large extent from tedious routine tasks. 
This is important when we want to understand the 
future impl ications tha t A mI w ill ha ve on the 
environments w e l ive a nd w ork i n. The general 
definition of  ubi quitous computing t echnology i s 
that which permits human interaction away from a 
single w orkstation. T his i ncludes pe n-based 
technology, l arge-scale i nteractive s creens, 
wireless ne tworking i nfrastructure, ha nd-held o r 
portable de vices, a nd vo ice or  vi sion t echnology 
.In its ultimate form, ubiquitous computing is any 
computing de vice, w hile m oving w ith you, c an 
build an incrementally d ynamic mode ls of  its  
various e nvironment a nd c onfigure i ts s ervices 
accordingly. The d evices w ill be  abl e t o either 
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"remember" pa st e nvironments t hey ope rated i n, 
or pr oactively build up s ervices i n ne w 
environments. 
 
Ubiquitous communication 
Today, a  num ber of  o bjects a re e quipped w ith 
computers,so  a relatively high level of ubiquitous 
computing i s a lready pr esent w ithin our  
environment.  However, in most cas es t he 
computers do not  ope rate a t t heir f ull pot ential 
since t hey c annot communicate with each other . 
A m ajor ch ange i n the cor porate and home 
environments t hat w ill e ncourage ubi quitous 
communication  s o that , ubiquitous computing is 
the  e xpansion  of   w ireless  ne twork technology, 
which  e nables f lexible c ommunication be tween 
interlinked devices  t hat can be  pl aced in various 
locations or  c an even be  por table. T o i mplement 
wireless  technology , the wireless  hardware itself  
must  meet  several criteria on the one hand, while 
easy int egration and administration as w ell a s 
security o f t he ne twork m ust be  e nsured on t he 
other. The following wireless technologies that are 
available on t he m arket or  c urrently unde r 
development. W ireless L AN, B luetooth 
technology, hi gh & l ow r ate W -PANs ,W ireless 
body a rea ne twork(BANs), R adio F requency 
Identification(RFID).  

User adaptive interfaces 
User adaptive interfaces, the third integral part of 
AmI, are also referred to as "Intelligent social user 
interfaces" ( ISUIs) .  T hese i nterfaces go be yond 
the t raditional ke yboard a nd m ouse t o i mprove 
human i nteraction with t echnology by m aking i t 
more ef ficient and secure. T hey allow t he 
computer t o know  and s ense f ar m ore a bout a 
person, t he s ituation the pe rson i s i n, t he 
environment, a nd r elated obj ects t han t raditional 
interfaces can. ISUIs contains i nterfaces t hat 
create a p erceptive com puter envi ronment r ather 
than one  t hat r elies s olely on active and 
comprehensive us er i nput. ISUIs can be  grouped 
into five categories :Visual recognition (e.g. face, 
3D ge sture, and l ocation) a nd out put, S ound 
recognition ( e.g. s peech, m elody) and out put, 
Scent r ecognition and output, Tactile r ecognition 
and out put a nd O ther s ensor t echnologies. 
Traditional us er i nterfaces l ike P C-controlled 
touch screens in a company environment and user 
interfaces i n por table uni ts s uch a s P DAs o r 
cellular phones can also become ISUIs. The key to 
an ISUI is the ease of  use, in this case the ability 
to pe rsonalize a nd a dapt a utomatically t o 
particular us er be havior pa tterns ( profiling) a nd 

different s ituations ( context aw areness). ISUIs 
make network usage more secure as the interfaces 
can identify us ers aut omatically b y, for ex ample, 
face or  voi ce r ecognition i nstead of  requesting a 
password.  
Scalability from different perspectives 
The processing perspective - Ambient 
Intelligence de vices ar e ex pected to provide 
scalable p rocessing pow er at  every l evel of  t he 
networked i nfrastructure. F lexibility, bot h 
programmability and re-configurability is required 
to support s calability: mos t A mI de vices w ill be  
flexible, in order to provide adequate performance 
under widely v ariying c onditions. To address t he 
scalability ch allenge i n view of  t echnology and 
design complexity, limita tions, ha rdware 
architectures f or A mI will ha ve w idely va rying 
characteristics de pending on t he ne twork t ier 
where t hey ar e de ployed. B elow i s a br ief 
overview on t rends in de vices for t he t hree 
network types. 

The fixed base network-Devices f or t he f ixed 
network infrastructure ar e f astly evol ving t oward 
parallel architectures. Single-chip multiprocessors 
area na tural evolution o f current s ingle-processor 
solutions is an effort to support truly scalable data 
processing, even general-purpose s ingle-chip 
processors f or hi gh-end s ervers a re be coming 
increasingly di stributed a nd highly p arallel. 
Explicit pa rallelism is  s ought to avoid 
architectural bot tle-necks ( such as g lobal r egister 
files and instruction fetch & decode logic )and to 
ensure l ong-term s calability across s everal 
technology generations. M ost ne wly-designed 
high-performance pr ocessors a re hi ghly pa rallel 
architectures, w ith m ultiple pr ogram counters. 
One s tep f urther,  ne xt-generation architectures 
are focusing on parallelism not only at the micro-
architectural l evel, but al so across t he ent ire 
memory hierarchy. 

The wireless base network- When c onsidering 
the wireless base network, the push toward highly 
parallel mu lti-processing architectures i s ev en 
stronger, coupled with a  trend toward single-chip 
integration. T his c onvergence t oward m ulti-
processor s ystem-on-chip ( MPSoC)platforms i s 
also motivated by the quest for scalability. Energy 
efficiency and cost con straints a re muc h tighter 
than f or hi gh-performance s ervers, and the 
computational re-quirements can be matched only 
by r esorting t o heterogeneous ar chitectures(in 
contrast w ith hom ogeneous general-purpose 
processors),which pr ovide c omputational pow er 

AJ
C

SE
, S

ep
-O

ct
, 2

01
6,

 V
ol

. 1
, I

ss
ue

 1
 



Methew Jeslin et al./ Ambient Intelligence 

6 
© 2015, AJCSE. All Rights Reserved. 

tailored to a  s pecific c lass t o ha ndle t he de sign 
challenges of  A S-MPSoCs, architectures and 
design f lows .C omputational e lements m ust be  
programmable t o pr ovide t he m uch ne eded post- 
fabrication programmability a nd in -field 
adaptation.There s hould be  a s tandardization t o 
ensure s oftware por tability a nd to f acilitate 
interfacing w ith other c omputational elements, 
memories a nd i nput-output de vices. N ext 
generation wireless ba se ne twork devices w ill 
include t ens t o hundr eds of  a pplication-specific 
processors(e.g.,MAC accelerators, digital 
MODEMS, cryptoprocessors), as w ell as  s everal 
general-purpose pr ocessing c ores(e.g.,FPGA 
fabrics, DSP c ores,VLIW mul timedia 
processors,FP c oprocessors,RISC 
controllers,etc.),a s ignificant a mount of  on -chip 
storage ( both vol atile a nd n on-volatile).various 
peripheral uni ts(e.g.,external D RAM 
controllers,interfaces t o va rious on -board 
busses,various RF front-ends ,BIST units,etc.).The 
connective fabric for this multitude of devices will 
be a NoC. 

The sensor network-The node s of  hi gh-density 
sensor networks will be the most critically power 
and cost c onstrained. Scalability w ill mos t like ly 
be a chieved b y c ompromising t o s ome de gree 
flexibility at the node level, focusing on maximum 
energy e fficiency a nd minimum c ost. Ambient 
intelligence will therefore be  obtained as a  r esult 
of coordination of  a  very large number of  s imple 
node t hrough di stributed, a daptive pr otocols f or 
information t ransfer ,  pr ocessing a nd a ctive 
energy m anagement. The node  i tself will not  be  
highly scalable, but the sensor network as a whole 
will be , m ostly t hanks t o i ts pr otocol-level 
scalability.  

The communication perspective  
Emerging d evices f or AmI are characterized by 
shrinking s ize a nd i ncreasing d ensity. F rom t he 
perspective of  w ireless communication, a   hi gh 
density of nodes implies competition over limited 
bandwidth, a nd t he de vices’ s mall ph ysical s ize 
suggests a limited battery capacity. So we can say 
that, communication in AmI devices ut ilize these  
resources e fficiently. We advoc ate t wo design 
philosophies f or e nergy-efficient c ommunication. 
First, it is  c rucial tha t e nergy-efficient 
communication s oftware be  ba sed on s ound 
models of  the ha rdware on which i t will operate. 
Second, two  pow er management techniques used 
widely by hardware designers hold great promise 

for pr otocols:application-specific de sign and 
energy-quality scalability.  

The software perspective  
As w irelessly ne tworked intelligent s ensors 
become t he m ajority o f AmI de vices t hat d eeply 
embed i nto t he ph ysical w orld, t he a mount of  
gathered information, the complexity o f s oftware 
development, and the c ost of  s ystem te sting w ill 
soon s urpass w hat current t echnologies c an 
support. T he vi sion of  A mI r equires a  
fundamental p aradigm s hift on s ystem 
architectures, programming models,and algorithm 
designs. 

Scalable software infrastructure.AmI s ystems 
need drastically di fferent s oftware i nfrastructure 
support t han t he c urrent Internet or  de sktop 
system.A s calable A mI s oftware i nfrastructure 
also needs effective w ays t o manage  t asks an d 
resources. An AmI system should have the ability 
to filter out distractions, keep attention on critical 
tasks, a nd m aintain a  n otion of  c o-herent t asks 
across t he bounda ry of  e mbedded, m obile a nd 
fixed ne tworks. A n A mI s ystem s hould ha ve t he 
ability to filter out  distractions, keep attention on 
critical t asks, a nd m aintain a  not ion of  c oherent 
tasks a cross t he bound ary of embedded, m obile 
and fixed networks  

Scalable algorithms. Scalable AmI systems  need 
resource-aware al gorithms a nd m odern w ays of 
resource management. Resource-aware algorithms 
adapt t o t he a vailable CPU c ycles, ba ndwidth, 
sensing m odalities, a nd ba ttery pow er a nd m ay 
provide a  s pectrum of  answers, qua ntitative one s 
or qualitative ones, with different fidelity 

Ambient Intelligence Applications 
AmI at Home  
Domotics is a cons olidated area of activity. After 
the f irst experiences us ing domotics at  home was 
a tr end to r efer the  Intelligent H ome c oncept. 
However , D omotics i s t oo c entered i n t he 
automation , g iving t he  c apability t o t he us er t o 
control t he hous e de vices f rom e verywhere. W e 
are s till f ar a way f rom the  r eal A mbient 
Intelligence i n homes at  t he com mercial l evel. 
Several  or ganizations  ar e  i ncreasing  
experiences  t o  achi eve  t he  Intelligent  H ome 
concept.  Some  e xamples  a re  HomeLab  f rom  
Philips, M IT H ouse n,   G eorgia  T ech A ware 
Home, M icrosoft C oncept H ome, a nd e 2 H ome 
from Electrolux and Ericsson. 

AmI in Vehicles and Transports  
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Since t he f irst ex periences w ith NAVLAB 
Carnegie Mellon University has developed several 
prototypes f or A utonomous V ehicle D riving a nd 
Assistance, N AVLAB 11, i s a n autonomous 
Jeep(the l ast pr oject). Many car i ndustries ar e 
doing research in the area of  Intelligent Vehicles 
for several tasks like car parking assistance or pre-
collision de tection. A nother e xample of   A mI 
application is c oncerned with the Intelligent 
Transportation S ystems ( ITS). The ITS J oint 
Program of the US Department of  Transportation  
identified several ar eas of appl ications, namely: 
arterial m anagement; freeway ma nagement; 
transit ma nagement; i ncident ma nagement ; 
emergence m anagement ;  el ectronic pa yment;  
traveler inf ormation; i nformation management; 
crash pr evention a nd s afety; roadway ope rations 
and  management, etc. 

AmI in Elderly and Health Care  
As t he pe rcentage of  popul ation w ith he alth 
problems will increase in the future, it will be very 
difficult for the Hospitals to maintain all patients.. 
There  i s  a cl ear i nterest t o create Ambient 
Intelligence de vices a nd  e nvironments a llowing 
the patients to be followed in their own homes or 
during t heir d ay-by-day life. We can em bed 
medical control support devices  i n  c lothes,  l ike  
T-shirts, collecting  vi tal-sign  i nformation  f rom  
sensors  (blood  pressure,  temperature,  etc). With 
this we will be able to moniter the patients at long 
distances. T he s urrounding e nvironment, l ike t he 
patient hom e, m ay be made a ware of  t he results 
from t he cl inical da ta and can even perform 
emergency c alls t o order an  am bulance s ervice. 
For instance,  the  IST  Vivago ®  s ystem  ( IST  
International  Security Technology  Finland),  it is 
an  active  social alarm  s ystem,  which  monitors 
the  us er's  a ctivity profile and is combined with 
the intelligent social alarms. 

AmI in Tourism and Cultural Heritage  
Tourism  a nd  C ultural  H eritage  are  good  
application areas f or  A mbient  I ntelligence. 
Tourism  i s  a   growing  i ndustry.  In  earlier 
times, tourists w ere  s atisfied  w ith  pr e-defined 
tours, w hich w as vs ame f or  a ll  t he  people.  
However  there  is   a  trend  in  the  customization 
and  t he s ame t our can be  a ltered t o a dapt t o 
tourists a ccording t heir preferences.Some of  t he 
examples a re Immersive  tour   pos t ,M EGA   is   
an  user-friendly virtual-guide to assist visitors in 
an archaeological area with ancient Greek temples 
in Agrigento, located in Sicily, Italy. 

AmI at Work  

A  pr ominent  t ime of human beings are spend in  
working pl aces  l ike  offices,  m eeting r ooms, 
control c entres, , m anufacturing pl ants etc. 
SPARSE ( A project)  is  ini tially  c reated  f or  
helping  P ower  S ystems  C ontrol  C entre 
Operators  i n  t he  di agnosis  a nd  r estoration  of  
incidents ,i t is  a  good  e xample  o f context  
awareness  s ince  t he  de veloped  s ystem  i s  
aware  of   t he  on -going  s ituation, c apable o f 
acting i n di fferent w ays a ccording t o t he nor mal 
or c ritical s ituation of the pow er s ystem. This  
system  is  evolving  for  an  Ambient  Intelligence 
framework  applied  to  Control Centres .Decision 
Making is  a s ocial a ctivity in which th e r esults 
consider as a  c ombination of   r ational  and  
emotional  a spects.  A rgEmotionAgents is   ( a  
project)  the application  of  Ambient  Intelligence  
in  t he  group  a rgumentation  a nd  decision  
support c onsidering  e motional  a spects  a nd  
running  in  t he  Laboratory  o f  A mbient  
Intelligence for Decision Support. 

AmI in Sports  
Sports i nvolve m any hi gh-level at hletes and pro 
create sports assistance devices and environments. 
FlyMaster  N AV+  i s  a  f ree-flight  on -board  
pilot  A ssistant  ( e.g.  g liding,  h angliding , 
paragliding),  us ing  t he  F lyMaster  F 1  m odule  
with  access  t o  GPS  and  s ensorial information. 
FlyMaster  A vionics  S.A.,  a   s pin-off,  was  
created  to  commercialize  these  products. 

CONCLUSION 
The emergence of Ambient Intelligence (AmI) is a 
trend that i s uns toppable which will have a  hu ge 
impact on everyday l ife. AmI s ystems w ill 
radically di ffer f rom today ’ s  s ystems. We w ill 
need t o r ethink e verything w e kno w a bout 
embedded-system and hardware design. The AmI 
requires scalability of processing, communication, 
and software i nfrastructure i n many aspects. It i s 
clear t hat t he de sign community f aces a a l ot of  
interesting challenges.  
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