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Summary 

This document presents a short study of the Ambient Intelligence (AmI) in manufacturing, spe-

cifically in the Energy Efficiency Optimisation in manufacturing. General concepts of the AmI 

are presented seen as components of the AmI systems, followed by presentation of the vision of 

AmI potentialities in manufacturing industry. The Reference Model for AmI in manufacturing is 

presented and belonging AmI features, mirrored to the specific application for the energy effi-

ciency optimisation are listed.  

Analysis of the main RTD trends and a short overview of the market trends, including overview 

of the projects dealing with topics related to AmI, and seen at the same time as key requirements 

on the enabling technologies is also presented.  

This short study should be seen as an attempt to visionary identify the future directions of the 

AmI developments, focussing to an important domain of the human activity – manufacturing 

industry and energy efficiency optimisation in it. Taking into account the state-of-the-art in this 

area and comparing it with results from the just completed project AmI-MoSES an optimistic 

conclusion was made that AmI offers new untapped source of possibilities to further improve the 

elaborated area.  
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1 Introduction 

Although many references are made to the Information Society and Technology Advisory 

Group’s (ISTAG) papers “ISTAG Scenarios for Ambient Intelligence 2010” (2001) and “Ambi-

ent Intelligence: from Vision to Reality” (2005) as a pioneering works in the Ambient Intelli-

gence area, the real term roots are to attribute to Philips and Palo Alto Ventures which coined 

1998 the term ‘ambient intelligence’ (AmI) in order to illustrate a vision of the future where 

technologies seamlessly interact and adapt to human needs while being non-obtrusive. From then 

on they have further developed the concept, or vision, and designed products such as the Philips 

Healthcare Ambient Experience [1.] that fit into their conception of AmI.  

Among different elaborations of the AmI potentialities a limited number and to a limited extent 

dealt with AmI Applications in industry. This short study is dedicated to elaboration of the topics 

from such an application from the point of view of a specific area of Energy Efficiency optimisa-

tion in manufacturing processes. Basis of this study is the work carried out in the EU project 

“AmI-MoSES”- Ambient-Intelligent Interactive Monitoring System for Energy use Optimisation 

in Manufacturing SMEs. 

Related aspects such as AmI reference model for industry and AmI features [17.], Ami infor-

mation transferring into knowledge, Creation of the context aware Energy Use Parameters and 

Energy Efficiency Services are overviewed here, followed by analysis of the current RTD and 

market trends in the AmI area, targeting a contribution to further identification of the AmI appli-

cation in the manufacturing industry. 
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2 AmI Basics 

2.1 Ambient Intelligence – General / Basic Concepts 

"The concept of Ambient Intelligence (AmI) provides a vision of the Information Society where 

the emphasis is on greater user-friendliness, more efficient services support, user-empowerment, 

and support for human interactions. People are surrounded by intelligent intuitive interfaces that 

are embedded in all kinds of objects and an environment that is capable of recognising and re-

sponding to the presence of different individuals in a seamless, unobtrusive and often invisible 

way." [2.]. 

Another, more technically oriented, definition is [10.]: The ambient intelligence paradigm builds 

upon pervasive computing, ubiquitous computing, profiling practices, context awareness, and 

human-centric computer interaction design and is characterized by systems and technologies that 

are: 

 embedded: many networked devices are integrated into the environment  

 context aware: these devices can recognize you and your situational context  

 personalized: they can be tailored to your needs  

 adaptive: they can change in response to you  

 anticipatory: they can anticipate your desires without conscious mediation 

 interconnected: the devices/sensors are communicating with each other  

These definitions indicate that the general objective of AmI is to promote a better integra-

tion/embedding of technology (electronic devices) into the environment made of homes, offices, 

hospitals, cars and public spaces, so that people can freely and interactively use it. Short descrip-

tion of the six characteristics from above is provided in the following text. 

Embedded means that devices, sensors and ICT systems are distributed and built-in in the sur-

roundings. The technology disappears into the background and is usually not consciously experi-

enced. It is important to note that AmI is not the outcome of any single technology or applica-

tion. It is rather an emergent property of several interconnected computational devices, sensors 

and ICT systems.  

Context-aware AmI systems can recognize specific users and its situational context and can 

adjust to the user and context. The “Context Awareness” is the core of AmI, and a definition of 

“Context” fitting the AmI notion is “Context is a defined set of information that can be used to 

characterize the situation of an entity. An entity is a person, place, or object that is considered 

relevant to the interaction between a user and an application, including the user and application 

themselves“. 

Personalized AmI is personalized to specific user needs and preferences, e.g. it provides its user 

with personalized information about the weather, traffic jams and appointments. In other words, 

AmI is user-cantered. 

Adaptive Because there is no stable connectivity to services and information sources in ad-hoc 

networks, AmI systems can never base their operation on the availability of complete and up-to-

date information and services. This has the consequence that AmI systems have to organize their 

services in an adaptive way, i.e. the degree of service varies with the amount of information 

available and the reachability of external services. 

Anticipatory AmI can anticipate the desires of its user(s). Consider an AmI system in the con-

text of one’s home that monitors behavioural patterns, infers one’s mood from the behavioural 

http://en.wikipedia.org/wiki/Pervasive_computing
http://en.wikipedia.org/wiki/Ubiquitous_computing
http://en.wikipedia.org/wiki/Profiling_practices
http://en.wikipedia.org/wiki/Context_awareness
http://en.wikipedia.org/wiki/Embedded_system
http://en.wikipedia.org/wiki/Context_awareness
http://en.wikipedia.org/wiki/Personalization
http://en.wikipedia.org/wiki/Adaptive_behavior
http://en.wikipedia.org/wiki/Anticipation_(artificial_intelligence)
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patterns and adjusts the light and music accordingly. The system is pro-active and anticipates 

what the user wants or needs. 

Interconnected The devices, sensors and ICT systems are not only embedded in the surround-

ings, they are (wirelessly) interconnected as well, thereby forming a ubiquitous system of large-

scale distributed networks of interconnected computing devices. For example, the miniaturized 

biosensor systems that monitor vital body variables are connected to an emergency unit which is 

connected to the ambulance. All the devices, sensors and ICT systems are connected and form 

one ambient intelligence system. 

A large variety of technologies are nowadays used to enable the Ambient intelligence environ-

ments, such as RFID, Sensors/Sensor networks, Software agents, Affective computing, Nano-

technology, and they are described along this document. 

http://en.wikipedia.org/wiki/RFID
http://en.wikipedia.org/wiki/Sensor
http://en.wikipedia.org/wiki/Software_agents
http://en.wikipedia.org/wiki/Affective_computing
http://en.wikipedia.org/wiki/Nanotechnology
http://en.wikipedia.org/wiki/Nanotechnology
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3 AmI in Manufacturing 

3.1 AmI in Manufacturing Industry – Definition 

In the area of manufacturing, AmI is not only going to affect the way in which processes devel-

op, but will also provide new ways of working and doing business. The development of new 

products and services and the shift in the focus of attention of the worker from the machine to 

their immediate working environment will be the immediate consequences of the adoption of 

AmI vision. Not only several technological challenges such as miniaturisation, inter-operability 

and energy management have to be addressed by research teams across the world in the present 

decade, but also a strong focus on the social and organisational aspects of AmI has to be taken to 

overcome barriers to its realisation [18.]  

From the point of view of information gathering, AmI systems in industrial environments can be 

seen as a new step ahead from traditional sensor systems. Traditional sensor systems were pas-

sive systems that just provide “raw data”: a collection of numerical values that only represent 

variations of a certain parameter. AmI systems evolve to a more active approach: they collect not 

only data, but also user-centric context information, and can interact with the user or the indus-

trial process. 

Definition of AmI system in manufacturing industry is a combination of a system approach 

and a psychological framework for the concept of Ambient Intelligence. 

1. Main characteristics: 

An AmI system in manufacturing industry exists only in a scope of interaction(s) with human 

operator(s) (HO). A system is AmI if it possesses at least the first three of the following char-

acteristics: 

(a) ‘Multimodal and easy interaction’ with HO including explicit and/or implicit interaction 

(inputs and outputs)1  

(b) Knowledge on ambience and HO based on extensive models (a’ priory knowledge) 

and ‘increased’ sensor-based knowledge to observe the ambience and ‘multimodal and 

easy’ interaction with the HO (dynamic knowledge), i.e. knowledge on:  

 (process) environment in which the HO is working and interaction among  the HO 

and (process) environment  

 the system itself and its interaction with the environment (context surrounding its 

use)  

 HO (e.g. location, context, intentions, etc.)  

(c) Transparent support to the activity of HO regarding processes (disburdening the task 

execution by tending to overtake higher level tasks as far as possible) using the system 

intelligence which can be based on the knowledge on ambience (b) related to different 

(all) HOs involved in the business process(es)  

(d) implicit actions in processes (i.e. actions not visible to HO) 

(e) implicit actions in ambience (i.e. actions not visible to HO) – adapting ambience to the 

HO needs. 

2. Additional characteristics: 

                                                 
1 In manufacturing domain the HO / avatar interaction is primarily driven by the process needs. Therefore, in 

manufacturing domain explicit interaction has to be designed with highest priority compared to implicit interac-

tion. The explicit outputs are e.g. information provided to the HO etc.  
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 Ability to find (and generate) its own rules on how best to interact with neighbour-

ing systems and HO, while always looking to optimise its own workings and its 

own relations with the environment. 

 Be dynamic – able to configure and reconfigure under varying, and even unpredict-

able, conditions. 

 Be resilient and able to recover from routine and extraordinary events that might 

cause some of their parts to malfunction. 

 Be trustworthy, able to handle issues of safety, security and privacy. 

 Be traceable. 

3.2 AmI-Reference Model for Manufacturing Industry 

AmI-MoSES Approach: Elaborate involvement of AmI-based information into the Energy Ef-

ficiency optimisation 

 
Figure 1: AmI Reference Model for Manufacturing 

3.3 Reference Model: AmI-System Activity Support Areas 

Ambient (environment) Input / Output 

 Ambience (environment) inputs to the AmI system 

 AmI system outputs to the AmI-MoSES Decision Support System 

Ambience (process) Input / Output 

 Ambience (process) inputs to the AmI system 

 AmI system outputs to the AmI-MoSES Decision Support System 

Human Operator Input / Output 

 Implicit inputs from HO to the AmI system 

 Explicit inputs from HO to the AmI system 

AmI System

AmI Control System/

Information System

(“Observer” Part and

“DSS” Part)

Ambience
(Process/Plant/Machine)

Ambience
(Environment)

Ambience Outputs (Environment)

Interaction

Ambience Inputs (Environment)

Ambience
Outputs

(Process)

Ambience
Inputs

(Process)

Explicit
Inputs

Explicit

Outputs

Implicit Inputs

Interaction
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 Explicit outputs of the AmI system to the HO – As Decision Support 

AmI System “Observer” Part 

 Knowledge about ambiences (environment/process) and interaction  

 Knowledge on context, including HO    

AmI System “DSS” Part 

 Information/knowledge provision to HO 
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4 AmI Application for Energy Efficiency Optimisation 

Ambient Intelligence technologies combined with Knowledge Management (KM) technologies 

can be successfully used to realise innovative systems for energy efficiency optimisation in the 

manufacturing processes as intelligent extensions to the standard Energy Management Systems. 

The two leading edge technologies offer immense possibilities for significant improvement of 

the standard energy consumption monitoring and system health diagnostics. Such systems are a 

powerful decision support to quick, almost on line, diagnosing of the energy related problems 

and their successful elimination. So- called Energy Use Parameters are a key concept in these 

new monitoring systems.  

4.1 Energy Using Parameters 

Energy Using Parameters (EUP) are an innovative way to monitor energy efficiency combining 

classical Energy Consumption Data with a context in which the energy consumption occurs. The 

AmI based additional parameters are key factor for enabling definition of EUP models.  

The term Energy Use Parameters (EUP) is meant to be a set of different metric functions derived 

from measured data to identify the state of the energy use as part of the facility and/or process 

management and allow for effective management of energy use. EUP is a combination of energy 

usage data and driving factors, equipment efficiency, process, other equipment and facility pa-

rameters as well as of the manufactured product or provided service characteristics.  

Figure 2 below shows an example of factors affecting EUP calculation, i.e. data and aspects 

which can be applied to compute EUP for manufacturing system or equipment. There are many 

parameters; input, monitored ECD (Energy Consumption Data), monitored output parameters 

showing system load, production output, loss identification and other operating parameters. The 

calculation of EUPs has to be made context dependent, i.e. the EUP models must include context 

under which is energy used. 

 
Figure 2: Factors influencing energy efficiency in a heat treatment process 

EUP models are highly flexible to allow for adjustment to different, dynamically changing pro-

cesses. There is no generic definition available. Every enterprise is unique, every energy system 

is different and especially in discrete manufacturing, the product defines processes needed and 

the resources, making the number on EUP variations large. 
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Based on the monitoring of the EUPs a further step on AmI based energy efficiency optimisation 

is done by implementing so-called Energy Efficiency services. 

4.2 Energy Efficiency Services 

Energy Efficiency Services are top level software services in the energy use optimisation sys-

tems, realised as a combination of the low level-core services in decision support systems as 

tools for energy efficiency optimisation. Four examples of the possible Energy Efficiency Ser-

vices are described here but the number and kind of such services is application specific i.e. each 

energy management and optimisation system in each specific case can have own different energy 

efficiency services. 

Condition-based Energy Consumption Warning 

Condition based energy consumption warnings are used to alert the system users on unacceptable 

deviations from normal energy consumption values which can be either negative or positive. The 

condition based warnings are implemented applying different KM mechanisms on measured 

energy consumption and AmI parameters or calculated context aware EUPs, for which also AmI 

data are highly important.  

This service reacts first in case that a problem appears. In such a case different notifications are 

being issued/sent depending on the way the alarm is set up. Such a service can have the func-

tionality for showing history of energy efficiency with all belonging energy consumption and 

AmI data. The user has the possibility to select all measured parameters whose values were iden-

tified as “problematic”, and their past values, including all data defining context – AmI infor-

mation, AmI based knowledge, process measurements, and history since the last maintenance 

activity, etc.  

On-line Diagnostics of Energy related Problems 

This service has the objective to provide an efficient diagnostics support by identifying problems 

in energy use (e.g. sudden peak in energy consumption, but also ‘slow’ trends) and quickly, “al-

most real-time” providing cause(s) and action(s) to be performed to eliminate a problem. Prob-

lem is detected from information coming from energy consumption measurement systems, AmI 

systems and human operators.  

By monitoring EUPs the Energy Efficiency problems are identified and possible causes offered 

as described in the section about the Condition based warning service. For diagnosing problems 

with unknown causes the service for On-line Diagnostics of energy related problems is launched. 

Based on the information about the problem, collected from the standard energy consumption 

meters or AmI sensors, structured in the predefined form, the information is saved in the 

knowledge repository in the form of easily comparable “Case”. The service compares the new 

case with cases already stored as solved problems, applying Case Based Reasoning mechanism 

and delivers a list of possible problem causes, sorted according to the new problem similarity 

level with previously solved problems - cases. Knowledge about causes and actions related to 

already solved problems provides valuable support in solving the problem at hand i.e. in identi-

fying causes of the new problem, After having selected one of the possible problems as suppos-

edly right, the user can get support in solving it in the form of the list of activities to be done to 

eliminate the problem. Additionally, the user(s) might request help in solving the problem from 

other (external) experts e.g. the manufacturing system vendors. In such a case the service will 

support collaboration of internal and external users, actors within Extended Enterprise, to solve 

the problem by using the functionality for search for appropriate experts and providing contact 

information, etc.  
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AmI-MoSES system provides functionalities for user friendly problems/cases management in-

cluding a.m. data editing, deleting and insertion of new cases, similar or identic to the description 

above. 

Service supporting Installation and Ramp-up Phase 

The service for Installation and Ramp-up Support is intended to help users with diagnosing ener-

gy-related problems in a manufacturing system during the installation and ramp-up process of 

the new plants, in a way similar to the Service for On-line Diagnostics of Energy related Prob-

lems. In fact the service for Ramp-up Support relies to a high extent to the same functionality as 

the on-line diagnostics service i.e. on the same process and AmI data. In the process of new 

equipment installation and ramp-up case it happens that problems occur and at the same time a 

limited amount of knowledge about the installation is available, i.e. the target models used to 

identify emerging energy problems are not yet fully developed and tested and applicable EUP 

thresholds still need to be fine-tuned. In the case that a manufacturing system is completely new 

by a company the system support has to be based on the data from other users available in the 

system vendor data base. The new users do not have access to any knowledge from installations 

of other similar plants users and manufacturer of the system who may have encountered a similar 

problem before should look in own database and has to look for maintenance experts by the sys-

tem vendor possessing the necessary expertise to provide support in solving his problem.  

Continuous Improvement of Energy Consumption 

The Service for Continuous Improvement of Energy Efficiency enables plant experts to detect 

increments on problem occurrence associated to the same problem types and detected based on 

the same process and AmI data, during a specific period of time. The detection is provided either 

automatically by the system, once the frequency of a tracked problem type occurrence reaches a 

certain threshold or “manually”, based on standard quality control procedures and practices with-

in the organisation. In the former case, the plant expert adjusts configuration parameters for the 

automatic detection of problems increment, such as e.g. frequency of a problem (problem type) 

occurrence, notification type and addressees etc. With the support of AmI-MoSES functionali-

ties, the problems reoccurring more often than prescribed are to be analysed by the plant expert 

with the aim of discovering innovative solutions for the improvement of the processes and prod-

uct parts involved in these problems. These solutions and proposals are compiled in the form of 

‘suggestions’ and sent as feedback to the design staff.  
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5 AmI Features for Energy Efficiency 

The general “AmI Features” concept was re-used in the AmI-MoSES from the AMI4SME pro-

ject (www.ami4sme.org). Several examples of the Ami features are presented in Table 1 below. 

The table includes examples how these AmI features may provide useful information for energy 

efficiency in manufacturing processes. 

Table 1: AmI features, related AmI technologies and potentially useful information for Energy Efficiency 

AmI Features Related Technologies & 
Functions of Supporting 
Applications 

Potentially useful infor-
mation for energy efficiency 
optimisation (examples) 

Explicit inputs from Human Opera-
tor to the AmI system 

 Natural HO inputs: i.e. spoken lan-
guage, handwriting, touch screen, ges-
ture 

 Provision of observations and experi-
ences of the HO on the status and prob-
lems in process and environment to the 
AmI system 

 Request for data without knowing spe-
cific file names, location or format 

 Forwarding unstructured communica-
tion needs with collaborating partners 

 Inputs during collaborative work 

 Digital pen, handwriting 
recognition, speech recogni-
tion technologies 

 Wireless handheld devices - 
PDAs, tablet PC or mobile 
phones 

 Wearable input devices like 
key boards sewed in cloth, da-
ta glove etc.  

 Biometric authentication and 
authorisation technologies 

 Mobile communication and 
interoperability technologies 
(Bluetooth, WLAN, GPRS, 
UMTS etc.) 

 Collaborative working envi-
ronment – core services 

 Network interoperability and 
ubiquitous communication 

 AmI provides detailed infor-
mation on HO interaction with 
the processes. These infor-
mation can be used (together 
with data on energy use) to 
identify how HO behaviours 
and interaction with the ma-
chines, equipment etc. may 
influence energy use, e.g. 
standby of machines, wrong 
level of machine utilisation, 
etc. Establishing the energy 
use patterns in correlation to 
HO behaviour.  

 Analyses of HO suggestions, 
proposals etc. related to En-
ergy Efficiency 

 

Explicit outputs of the AmI system 
to the HO 

 Information provision: delivery of per-
sonalised, context-dependent content 

 Active user assistance by e.g. propos-
ing most common/ appropriate answers 

 User-friendly multimodal interfaces: 
visual, voice user interfaces 

 Communication with collaborating part-
ners 

 Wireless handheld devices 
like PDAs, tablet PC. 

 Wearable output devices like 
head-set, head mounted dis-
plays, see through displays, 
displays sewed in cloth 

 Optical/acoustic output devic-
es (light, pointers, horn etc.). 

 Visual infrastructure equip-
ment like TV monitors 

 Network interoperability and 
ubiquitous communication 
(WLAN, GPRS, UMTS tech-
nologies). 

 

 These features also provide 
information to identify correla-
tion between the HO behav-
iours and interaction with the 
processes and energy use in 
these processes. 

 Information may be used to 
analyse how intelligent inter-
action between AmI to HO 
may support energy efficiency, 
e.g. by providing information 
to HO in intelligent way to in-
fluence her/his behaviour and 
support energy optimisation 

 Information/knowledge for EE 
services such as Condition 
Based Energy Consumption 
Warning, Online Diagnostics 
of Energy related Problems, 
Continuous Improvement of 
Energy Consumption   

Ambience - environment inputs to 
the AmI system 

 Information from sensors/sensor net-
works on basic environmental condi-
tions like temperature, humidity, vibra-
tion etc. 

 Information on spatial situation and 

 

 wireless networks of basic 
ambient sensors like tempera-
ture, humidity, vibration  

 Localisation and identification 
of “things” by camera systems 
for spatial surveillance and de-

 

 Basic information for Energy 
Efficiency Services  

 Information can be used to 
analyse influence of various 
ambiences factors upon ener-
gy use and establish energy 

http://www.ami4sme.org/
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AmI Features Related Technologies & 
Functions of Supporting 
Applications 

Potentially useful infor-
mation for energy efficiency 
optimisation (examples) 

constraints in respect to the HO activity 
relevant environment 

 Information on hazardous (critical) 
changes in the environment of which 
the HO is fully unaware 

tection of changes. 

 Network interoperability and 
ubiquitous communication 
(WLAN, GPRS, UMTS tech-
nologies). 

use pattern in correlation to 
external factors 

 Information on correlation 
between the external ambi-
ence factors and HO behav-
iour and interaction with the 
processes which may have 
strong influence on energy 
use  

AmI system outputs to the ambi-
ence - environment 

  Information may be used to 
analyse how changes done by 
AmI systems (on environment) 
influence energy use in pro-
cesses.  

Ambience - process inputs to the 
AmI system 

 Information about the status of process, 
plant, machines, products and materials 
for precise/improved EUP calculation 

 Information about the spatial structure 
of the process plant 

 Information on Location and movement 
of a device, products and materials 

 Wireless networks of basic 
ambient sensor like tempera-
ture, light, vibration, sensors 
of plant systems, machines 
and products. 

 Camera systems for spatial 
surveillance and detection of 
changes of plant, and prod-
ucts. 

 RFID tags (passive, active, 
smart tags), camera systems, 
GPS etc. for location & 
movement identification. 

 Data acquisition systems pro-
cessing existing sensor and 
process plant, machine and 
product data. 

 SOA for device communica-
tion targeting internet based 
Web-Services. 

 Network interoperability and 
ubiquitous communication 
(WLAN, GPRS, UMTS tech-
nologies). 

 Basic information for Energy 
Efficiency Services 

 Information can be used to 
establish correlation between 
the processes and energy use 
i.e. to establish the correlation 
between the energy use pat-
terns and process changes as 
well as correlation between 
process and HO behaviours 
and interaction which may 
have influence upon the ener-
gy use.  

 

AmI system outputs to the ambi-
ence - process 

  Information may be used to 
analyse how changes done by 
AmI systems (on processes) 
influence energy use in pro-
cesses 

Knowledge about ambience - envi-
ronment/ process and inter-
action 

 Knowledge about current and historical 
status of different manufacturing system 
components, devices, products, materi-
als and users of the system (e.g. ma-
chine, temperature and humidity of en-
vironment, date/time and involved HO). 

 Knowledge on business process and its 
energy efficiency parameters 

 Semantic correlation of user activity and 
process steps 

 Location Manager. 

 Multi-agent technologies for 
the information/knowledge 
processing in a distributed ICT 
environment based upon user, 
ambience and system context. 

 Expert system technologies 
(e.g. RBR, CBR). 

 Peer-to-peer technologies 

 Service-Oriented Architecture, 
semantic web technologies, 
Web-Services, ontologies. 

 Network interoperability and 
ubiquitous communication 

 Influence of process parame-
ters upon energy consumption 
(for diagnostics) 

 Influence of environment 
upon energy consumption 
(for diagnostics) 

 Historical/statistical data 
about  problems reoccur-
ring (for continuous im-
provement) 

 Establishing correlations be-
tween the energy use patterns 
and status of different manu-
facturing systems compo-
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AmI Features Related Technologies & 
Functions of Supporting 
Applications 

Potentially useful infor-
mation for energy efficiency 
optimisation (examples) 

(WLAN, GPRS, UMTS tech-
nologies). 

nents, and specifically on in-
teraction between HO and the 
components 

Knowledge about context 

 Spatial configuration - combination of 
environment (layout and AmI) parame-
ters – potentially leading to excessive 
energy use or hazardous situations 

 Process parameters configuration - 
combination of ECD and AmI parame-
ters – potentially leading to excessive 
energy use or hazardous situations  

 Similarity of contexts in different plants 

 Influence of supporting ICT/ legacy 
systems on energy efficiency 

 Influence of different context compo-
nents to the context precision 

 User oriented relevant service creation 
in a given environment or situation 
(Context- Aware service discovery and 
provision) 

 Generating feedback for HO by compar-
ing current operations (e.g. tracking tool 
status) with past experience, enabling 
problem prevention and optimal experi-
ence generation 

 Activity oriented collaboration among 
HO and devices 

 Multi-agent technologies for 
the information/knowledge in a 
distributed ICT environment 
based upon user, ambience 
and system context. 

 Rule based reasoning (RBR) 
and case based reasoning 
(CBR). 

 Business Rules definition 
schemes. 

 Encapsulated interoperable & 
autonomous system compo-
nents for monitoring, data ex-
change and/or administration. 

 Expert systems. 

 Intelligent Interface Agents 
(Open Agent Architecture, 
Distributed Agent Markup 
Language and the semantic 
web) undertakes an infor-
mation filtering role based up-
on perceived user interest. 

 Service-Oriented Architecture, 
semantic web technologies, 
Web-Services, ontologies, 
smart devices. 

 Intelligent collaboration plat-
forms. 

 Peer-to-peer technologies. 

 Knowledge base. 

 Network interoperability and 
ubiquitous communication 
(WLAN, GPRS, UMTS tech-
nologies). 

 Collaboration services. 

 Context knowledge for precise 
definition of conditions under 
which the specific energy con-
sumption pattern occurs and 
for EUPs definition 

 Support correlation between 
energy use patterns and con-
text. Allows for comparison of 
energy use patterns in various 
plants and benchmarking, (al-
lowing for energy use optimi-
sation based on experience of 
others).  
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6 Projects 

Several projects dealing with Ambient Intelligence related topics were analysed and briefly overviewed in Table 2. 

Table 2: Related projects and relation to AmI-MoSES 

Acronym & webpage Description Relevance for application in the 
systems for energy efficiency op-
timisation 

OPORTUNITY 

Activity and context recog-
nition with opportunistic 
sensor configurations (OP-
PORTUN 

http://www.opportunity-
project.eu/news 

 

 

OPPORTUNITY deals with essential methodological underpinnings of any Ambient 
Intelligence (AmI) scenario: recognizing (and understanding) context and activity. The 
objective of this project is to develop mobile systems to recognize human activity and 
user context with dynamically varying sensor setups, using goal oriented, and coop-
erative sensing. OPPORTUNITY aims to develop a novel paradigm for context and 
activity recognition that will remove the up-to-now static constraints placed on sensor 
availability, placement and characteristics. This is in contrast to most state of the art 
approaches that assume fixed, narrowly defined sensor configurations dedicated to 
often equally narrowly defined recognition tasks.  
OPPORTUNITY addresses developing of generic principles, algorithms and system 
architecture to reliably recognize complex activities and contexts despite the absence 
of static assumptions about sensor configurations. 

Relevant research of the sensors based 
context recognition, which can be useful for 
EEff (however differing from the basic AmI-
MoSES assumption of configuration and 
layout of sensors/sensor networks) 

SOCIONICAL 

Complex socio-technical 
system in ambient intelli-
gence 

http://www.socionical.eu/  

 

SOCIONICAL focuses on the specific example of Ambient Intelligence based smart 
environments, which have the ability to monitor user actions and to adjust its configu-
ration and functionality accordingly. Thus, the system reacts to human behaviour 
while at the same time influencing it. This creates a feedback loop and leads to a tight 
entanglement between the human and the technical system. At the same time there 
is dynamic, heterogeneous human-human, human-technology, and technology-
technology communication leading to ad-hoc coupling between components and 
different feedback loops. The project studies global properties and emergent phe-
nomena that arise in AmI based socio-technical systems from such local feedback 
loops and their coupling on two concrete scenarios: transportation and emergen-
cy/disaster.   

Topics relevant for AmI Reference model 
(feedback loop between the human and the 
technical system, human-human, human-
technology, and technology-technology 
communication), to be further investigated 
in the future AmI related projects.   

DEMI 

Product and Process De-
sign for AmI Supported 
Energy Efficient Manufac-
turing Installations 

The project aim is to enhance existing product and process design systems, by using 
the characteristics of the Ambient Intelligent (AmI) systems integrated in manufactur-
ing installations, with features that will allow for: 

 designing single discrete manufacturing processes optimally regarding energy 
use and to contribute to reduction of their ecological impact  

Topics relevant for Energy Efficiency in 
industry in terms of AmI based production 
processes monitoring, however confined to 
the design process. 

http://www.opportunity-project.eu/news
http://www.opportunity-project.eu/news
http://www.socionical.eu/
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Acronym & webpage Description Relevance for application in the 
systems for energy efficiency op-
timisation 

www.demi-online.eu  design/generate appropriate extended monitoring and decision making services 
to support these installations to ensure their optimal energy efficiency over the 
process life cycle.  

One of the DEMI project objectives is to provide a means to enhance existing prod-
uct/process design methods and tools to optimise energy use pattern over the prod-
uct/process life cycle by developing new generic SW components Energy Monitoring 
Setup – support design/selection of AmI and other measurement systems and appro-
priate extended monitoring and decision support services to ensure energy efficiency 
during life cycle operation of the installed manufacturing process, and to provide 
knowledge needed for enhanced design of products and processes. 

AMI4SME 

Revolution in Industrial 
Environment: AmI Technol-
ogy for Systemic Innovation 
in Manufacturing SMEs 

http://ami4sme.org/ 

The project target was in proposing a new, scheme for systemic innovation of 
industrial working environments in SMEs by applying AmI technology. The project 
developed: 

 Two new manufacturing concepts for two scenarios within an extended SME con-
text where AmI technology brought a breakthrough for SMEs: dynamic reconfigura-
tion of manufacturing and assembly lines and multi-stakeholder involvement in the 
maintenance process.  

 Set of 3 innovative AmI technology building block prototypes, specially tailored to 
SMEs needs: Mobile multi-modal services assuring compatibility and workflow 
support in the addressed scenarios, by applying the agent technology and seman-
tic web; Innovative smart tags in a combination with agent technology to allow their 
active roles applicable in shop-floor; a Speech Recognition System radically en-
hanced w.r.t. robustness and interoperability. 

 Methodology for systemic innovation of industrial environment and organisation of 
work in SMEs based on AmI technology, including reference model of AmI in man-
ufacturing processes. 

Main benefit from the AMI4SME project is 
reuse of the reference model for AmI in 
manufacturing as well as the concept of 
AmI features.  

 

InLife 

Integrated Ambient Intelli-
gent and Knowledge-based 
services for optimal life-
cycle impact of complex 
manufacturing and assem-

InLife project explored how combination of advanced Ambient Intelligence and 
Knowledge Management technologies can be used to assure a sustainable and safe 
use of manufacturing and assembly lines and their infrastructure over the life-cycle. 
InLife provided new ways to monitor on-line Life-Cycle Parameters of manufacturing 
systems. 

AmI information and knowledge gathered within an extended enterprise environment 

Concept of applying combination of ad-
vanced Ambient Intelligence and KM tech-
nologies for monitoring of processes in 
manufacturing systems (it was partly re-
used in AmI-MoSES). 

http://ami4sme.org/
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Acronym & webpage Description Relevance for application in the 
systems for energy efficiency op-
timisation 

bly lines 

http://www.uninova.pt/inlife/ 

along different life-cycle sectors of manufacturing systems were used as a resource 
for optimisation of life-cycle of industrial installations and processes and for provision 
of services. 

e-BRAINS 

Best-Reliable Ambient Intel-
ligent Nano Sensor Sys-
tems  

http://www.e-brains.org 

 

e-BRAINS targets outstanding future applications in the area of ambient living with 
the ultimate need for integration of heterogeneous technologies, high-performance 
nano-sensor devices, miniaturization, smart wireless communication and best-
reliability. The basic requirement for robustness and reliability of the heterogeneous 
integration technologies and the nano-sensor layers is in the focus of all e-BRAINS 
developments. The designated nano-sensor systems represent a very promising 
innovative approach with the potential to enable high-performance and precise func-
tions in new products. Among other such systems the Smart gas sensor and High 
efficient data and energy Management, Ultrasound imaging probe and Infrared im-
ager devices are developed. 

Main relevance of e-BRAINS for Energy 
Efficiency in industry is in the devices de-
veloped in e-BRAINS i.e. in their application 
in the future commercial version of compo-
nents for Energy Efficiency (e.g., of the 
AmI-MoSES system).  

SENSEI 

Integrating the physical with 
the digital world of the net-
work of the future 

http://www.sensei-
project.eu/ 

SENSEI objective was to realise the vision of Ambient Intelligence in a future network 
and service environment by integrating heterogeneous wireless sensor and actuator 
networks into a common framework of global scale and making it available to ser-
vices and applications via universal service interfaces. It provides necessary network 
and information management services to enable reliable and accurate context infor-
mation retrieval and interaction with the physical environment. By adding mecha-
nisms for accounting, security, privacy and trust it enables an open and secure mar-
ket space for context-awareness and real world interaction. 

Topics related to creation of the context 
information by integrating sensor networks 
into the AmI systems can be useful for the 
Energy Efficiency in industry (e.g. it can be 
useful for future commercial version of the 
AmI-MoSES system).   

PECES 

Pervasive computing in 
embedded systems 

http://www.ict-peces.eu/ 

The overarching goal of the PECES project is the creation of a comprehensive soft-
ware layer to enable the seamless cooperation of embedded devices across various 
smart spaces on a global scale in a context-dependent, secure and trustworthy man-
ner. The increasing number of devices that is invisibly embedded into our surround-
ing environment as well as the proliferation of wireless communication and sensing 
technologies are the basis for visions like ambient intelligence, ubiquitous and perva-
sive computing. The benefits of these visions and their undeniable impact on the 
economy and society have led to a number of research and development efforts, 
such as e.g. development of specialized middleware abstractions for different appli-
cation areas such as automotive and traffic control systems or home automation.  

Aimed middleware i.e. software layer to 
enable the seamless cooperation of em-
bedded devices across various smart spac-
es, having important impact on the econo-
my is of high relevance for the Energy Effi-
ciency in industry..   

http://www.uninova.pt/inlife/
http://www.sensei-project.eu/
http://www.sensei-project.eu/
http://www.ict-peces.eu/
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7 RTD and market trends – AmI Requirements 

7.1 Research trends 

From various references of AmI technology research activities it can be seen that AmI is still an 

open and emerging research field. Most of the existing AmI systems applications are related to 

the everyday life of individuals at home and office, health care, etc. Very few AmI solutions ex-

ist at the moment to support the manufacturing environment. Technology is not yet mature 

enough to consider AmI as a reality for users of commercial products. Most of the research deals 

with a single aspect (or a few) of a whole complex system. In order to prove that AmI can be 

considered as a near reality for users and to show the potentiality of the AmI technology, several 

projects, as shown above, are in progress in Europe.  

The European Commission supports the research activities by encouraging RTD involvement of 

AmI based solutions for manufacturing industries. Among others there are two projects in which 

scenarios are created to explain the applicability of AmI technology in manufacturing industries: 

 Scenario for human centred manufacturing by Technical University Kaiserslautern, 

which developed the scenario Man-u-Faktur 2012 [15.] which draws up an awe-inspiring 

picture of AmI technology having integrated man into the complex production chains. 

 Ambient intelligence in manufacturing industries by Tekniker Foundation [18.] which 

describes a scenario about AmI in manufacturing industries (by developing an AmI la-

boratory at Tekniker). 

As can be seen from the two projects there are still many challenges ahead on the way towards 

the realisation of AmI in manufacturing environment, and one of the research trends focuses on 

supporting complex tasks with a minimum of human machine interaction, to enable the workers 

to keep their attention focused on the interaction with the work environment, co-workers and 

tasks.  

According to the already convergent views the current key research areas on AmI technology, on 

which main efforts are focused, are: 

 Agent based computing  

 Distributed network architecture  

 Intelligent interfaces  

 Development of autonomous devices   

 Security aspects  

At the same time the topics researched in the a.m. areas can be seen as main requirements or 

challenges in developments of the AmI technologies. These AmI requirements presented there 

are a kind of state-of-the-art based forecast or current vision but, as they belong to the quickly 

developing ICT area, it is reasonable to expect that they can also go in some other not yet known 

direction. 

7.1.1 Agent based computing 

Artificial Intelligence (AI) has greatly evolved in the last years, probably motivated by its own 

immaturity. This has taken the AI field to grow into different directions, from some very general 

like reasoning, search, etc. to more specific others like the expert systems, systems of diagnosis, 

etc. One of the new concepts coming from the AI field is the “agent paradigm”, a paradigm that 

can be used to model complex systems. 
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Agents can be defined to be autonomous, problem-solving computational entities capable of ef-

fective operation in dynamic and open environments. In this sense, different things can be con-

sidered as agents: from a human operator, to a certain piece of software. 

Using the agent concept, system designers and engineers can structure the system as a set of dif-

ferent (inter)communicative modules, a better paradigm for the development of modern complex 

system than traditional non-communicative structures. Simulation of economies, societies and 

biological environments are typical application areas, where the use of the ‘agent’ concept may 

provide answers to complex physical or social problems that would be otherwise difficult to ob-

tain. 

7.1.2 Distributed network architecture 

7.1.2.1 Architectures: SOA and EDA 

A Service Oriented Architecture (SOA) is an approach of structuring a software system into a 

set of loosely coupled components whose interfaces can be described, published, discovered and 

invoked over a network. These components are deployed as services with standardised interfac-

es, independent of any specific platform or implementation technology, that carry out together a 

high-level function or business process (e.g. placing an order, making a credit approval on a pur-

chase) . 

Similarly, Event Driven Architecture (EDA) defines a methodology for designing and imple-

menting distributed applications and systems, where events trigger asynchronous messages, 

which are sent between independent software components that need not to have any information 

about each other (i.e. they are decoupled). In this context, an event is a notable thing that hap-

pens in the real world that causes a change in the state of the system or something relevant for 

the business of the enterprise, such as a customer order, the arrival of a shipment, or the payment 

of a bill. 

Thus, although EDA focuses on event processing and SOA deals with the services, the two ap-

proaches are similar in the sense that they both define a way of structuring large distributed sys-

tems into a set of loosely coupled components, whilst separating implementation aspects from 

interaction specifications. Further, they are both based on the broker architectural pattern, where 

a central component of the architecture (the broker) acts as an intermediary between the other 

interacting components. However, the role of the broker in the two approaches is different.  

In SOA the broker acts as a mere searchable repository of service descriptions (interfaces) where 

service providers publish their services and service consumers find services and obtain binding 

information for these services. Hence, the broker in the SOA model can be regarded as services 

yellow pages (analogous to the telephone yellow pages) having a passive role, i.e. not interfering 

with actual interaction between the consumer and the provider.  

Similarly, in the EDA model, the event producer uses the broker to register the type of events 

that it produces, and the consumers subscribe to the events they want to process. However, in 

EDA, the broker has an active role where it actually takes part in the interaction, acting as an 

event manager that is responsible for capturing the events emitted by the event producers and 

delivering them to the correspondent subscribers. 

Thus, the SOA model represents a proactive approach where the service is explicitly declared 

and published by the component that offers it. The service consumer is responsible for starting 

the interaction with the service provider, after discovering the desired service contract (interface) 

published in the broker and performing a binding process to the service provider. Once the inter-

action is started, the execution is autonomous and cannot be influenced by any external inputs, 

including the broker. 
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EDA, on the other hand, is a reactive approach where an event is transmitted to potentially a 

large number of components that may decide or not to react and process it, and the interaction is 

initiated by the event producers. After emitting the event, the producer has no control over the 

interaction, since it’s the consumer that registers interest, and in addition, the interaction flow 

may respond to external input (e.g. new events injected by external event sources). This interac-

tion pattern is called publish/subscribe, which as the name implies, consists in letting the compo-

nents declare their interest for a certain type of events (subscribe) and those events to be distrib-

uted to all interested components each time they are emitted (published).   

In fact, one fundamental difference between the two approaches is that the invocation semantics 

behind SOA complies with the request/reply pattern instead of publish/subscribe. In this pattern, 

the service consumer sends a request message to the provider, and the provider responds with the 

reply message. Each message travels one direction, from the sender to the receiver, and this is 

typically realised in a synchronous transmission since the consumer waits for the provider to 

send a response within a certain fixed time period. The synchronous communication is not al-

ways suitable or even possible as it may lead to reliability, latency and quality-of-service degra-

dation. In addition, as mentioned before, in SOA, prior to the interaction the consumer has to 

perform a binding operation in order to establish a communication channel with the provider, 

whilst in EDA this is not required and the producer is normally completely oblivious to the ex-

istence of the consumers. Hence, there remains the need for further decoupling the SOA compo-

nents in order to support “ah-hoc” interactions, since consumers initiate services execution and 

they must therefore know the providers to be used in advance. 

Additionally, another distinct advantage of SOA over other architectural approaches is the fact 

that it implies the usage of open standards to facilitate not only the services development but also 

to further enhance interoperability among them. For instance, the underlying Web Services tech-

nologies (preferred implementation technology for realising the SOA principles), are based on a 

widely adopted and universally accepted set of open interoperability standards and protocols 

(e.g. XML, SOAP, UDDI, WSDL, WS-* standards) for building, describing, cataloguing and 

managing reusable services.  

Some existing methods and tools for SOA and EDA are briefly described here: 

Web Services are the current most promising technology that realise the principles of SOA. 

They represent self-contained modular business applications that have open, Internet-oriented, 

standards-based interfaces. The W3C consortium defines a web service as “applications identi-

fied by a URI, whose interfaces and bindings are capable of being defined, described and discov-

ered as XML artefacts. A Web service supports direct interactions with other software agents 

using XML-based messages exchanged via Internet-based protocols. 

In this sense, they provide the basis for the development and execution of business processes that 

are distributed over the network and available via standard interfaces and protocols. Thus, Web 

Services enable the integration and interoperability of heterogeneous systems and components 

which may be geographically dispersed. The vision behind the technology is to transform the 

internet into an environment where businesses can expose their current and future business ap-

plications as Web Services that can be easily discovered and consumed by interested parties. 

The Staged Event-Driven Architecture (SEDA) is a software architecture design framework 

which is designed to enable high concurrency, load conditioning, and ease of engineering for 

Internet services. SEDA originated from the fact that the traditional thread-based model used to 

support high concurrency and variations in service load, which are characteristics of the Internet 

today, suffer from several limitations, such as limited scalability and huge overheads, which in 

their turn lead to serious performance degradation (e.g. when the number of threads is large). 

Therefore, and since event-driven systems tend to be robust to load handling, with little degrada-
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tion in throughput as offered load increases beyond saturation, SEDA combines aspects of 

threads and event-based programming models to support massive concurrency, avoiding perfor-

mance degradation,  and to manage effectively the resources needed for high concurrent Internet 

services. 

Mule is in fact a lightweight Java-based messaging framework structured as a SOA that allows 

one to quickly and easily connect applications to it, in order to exchange data, regardless of the 

technologies used by the applications (e.g. JMS, Web Services, JDBC, HTTP, etc.). Mule seam-

lessly handles the interactions among all applications connected to it, hence enabling an easy 

integration of existing systems, including legacy applications. 

Java Business Interface (JBI) specifies a standards-based architecture for integration solutions, 

where third-party components can be “plugged in” to a standard infrastructure, which allows 

them to interoperate in a predictable, reliable fashion, even if they are produced by separate ven-

dors. This way, the lock-in to a particular vendor of integration technologies can be avoided and 

the user is free to choose components that provide the particular functions that he or she needs, 

and be assured that a functional integration solution can be assembled from those pieces. In addi-

tion, the kind of standardised infrastructure that JBI potentiates can stimulate the emergence of 

new and innovative integration models and technologies. For instance, having such infrastruc-

tures, innovators can concentrate on a particular technology or problem area, without having to 

worry about providing all the other pieces needed to build a complete integration solution. 

ServiceMix is an open-source and standard based ESB, based on the JBI specification, which 

combines the functionality of both, SOA and EDA, to achieve an agile enterprise ESB, and to 

facilitate the development and deployment of composite enterprise applications. Thus, Service-

Mix provides a fundamental feature which is to support the interoperation of services according 

to the SOA principles, and at the same time allowing these services to operate in an event-driven 

way. This means, that services connected to the ServiceMix bus are completely decoupled and 

that they listen to the bus for service requests. Plus, ServiceMix supports interactions based in 

events that can occur both, internally or externally to the ESB 

7.1.3 Intelligent interfaces 

The area of Intelligent Interfaces is one of the most heterogeneous research subjects dealing with 

computers that exist nowadays. The main issue in human-machine interaction is to obtain an 

"interaction" between a human user and a computer system. The intelligent interfaces provide 

such interaction between the human user and a computer system. 

So it can be realised that the requirement of an intelligent interface in the human-machine inter-

action is very important. In the enabling field of research, the list below describes some kinds of 

techniques being employed in intelligent interfaces: 

 User Adaptivity: Techniques that allow the user - system interaction to be adapted to 

different users and different usage situations  

 User Modelling: Techniques that allow a system to maintain knowledge about a user 

 Natural Language Technology: Techniques that allow a system to interpret or generate 

natural language utterances, in text or in speech 

 Dialogue Modelling: Techniques that allow a system to maintain a natural language 

dialogue with a user, possibly in combination with other interaction means (multimodal 

dialogue) 

 Explanation Generation: Techniques that allow a system to explain its results to a user 
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Speech recognition technologies allow computers equipped with a sound input, such as a mi-

crophone, to interpret human speech as an advanced method of interacting with a computer. The 

speech recognition system is the basic technology to recognise words and the defined grammar. 

The grammar is usually defined with BNF (Backus Naur Form) or using a similar notation. 

Speech recognition systems have found use where classical keyboard interfaces are not applica-

ble (e.g. maintenance in non-office type environments) or the required speed of text input is 

high. Speech recognition technology is used more and more for telephone applications like travel 

booking and information, financial account information, customer service call routing, and direc-

tory assistance. Using constrained grammar recognition, such applications can achieve remarka-

bly high accuracy. Speech recognition has enabled the automation of certain applications that are 

not automatable using push-button interactive voice response (IVR) systems, like directory assis-

tance and systems that allow callers to "dial" by speaking names listed in an electronic phone 

book. 

However, a typical office environment, with a high amplitude of background speech or a shop-

floor with very load background noise are one of the most adverse environments for current 

speech recognition technologies, and large-vocabulary systems with speaker-independence that 

are designed to operate within these adverse environments have significantly lower recognition 

accuracy. The typical achievable recognition rate for dictation is 95% for a clear environment, 

but can be significantly lower for scenarios like cellular phone with background noise. Moreo-

ver, the following aspects need to be taken into account: 

 Heavy use of the speech organs can result in vocal loading. 

 Speech recognition system are based on simplified stochastic models, so any aspects of 

the speech that may be important to recognition but are not represented in the models 

cannot be used to aid recognition. 

 Co-articulation of phonemes and words, depending on the input language, can make the 

task of speech recognition considerably more difficult. In some languages, like English, 

co-articulatory effects are extensive and far-reaching, meaning that the expected phonetic 

signal of a whole utterance can be vastly different than a simple concatenation of the 

expected phonetic signal of each sound or word.  

 Intonation and sentence stress can play an important role in the interpretation of an 

utterance. As a simple example, utterances that might be transcribed as "go!", "go?" and 

"go." can clearly be recognized by a human, but determining which intonation 

corresponds to which punctuation is difficult for a computer. Most speech recognition 

systems are unable to provide any more information about an utterance other than what 

words were pronounced, so information about stress and intonation cannot be used by the 

application using the recognizer. Researchers are currently investigating emotion 

recognition, which may have practical applications. For example if a system detects 

anger or frustration, it can try asking different questions or forward the caller to a live 

operator. 

 In a system designed for dictation, an ordinary spoken signal doesn't provide sufficient 

information to create a written form that obeys the normal rules for written language, 

such as punctuation and capitalization. These systems typically require the speaker to 

explicitly say where punctuation is to appear. 

 In naturally spoken language, there are no pauses between words, so it is difficult for a 

computer to decide where word boundaries lie. Some sets of utterances can sound the 

same, but can only be disambiguated by an appeal to context. A general solution of many 

of the above problems effectively requires human knowledge and experience, and would 

thus require advanced pattern recognition and artificial intelligence technologies to be 
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implemented on a computer. In particular, statistical language models are often employed 

for disambiguation and improvement of the recognition accuracies. 

Therefore, when implementing an SRS a sound selection of microphones for users or for the 

mobile devices has to be carried out. This has to take into account the specific ambient noise 

levels in the application environment, also deciding on available or required vocabulary data-

bases, while certain requirement on speakers need to be analysed. 

For maintenance and shop floor applications, key aspects are to free the user from manual input 

devices so that they can concentrate on the job at hand, enabling natural movement as well as 

increasing operational safety. It can be expected to increase users’ mobility and to allow faster, 

more intuitive input into a shop floor control/maintenance system. SRS can especially be used to 

gather user input for shop floor control or maintenance solution systems, while in general an 

SRS will be combined with additional output devices, like e.g. head-up displays or headsets 

7.1.4 Autonomous devices – Radio Frequency Identification Tags 

RFID tags can be characterized as passive, semi-passive, or active. Traditional passive tags are 

typically in “sleep” state until awakened by the reader’s emitted field. In passive tags, the read-

er’s electromagnetic field acts to charge the capacitor that powers the badge. Due to the strength 

of the signal that is required, passive tags are most often used for short read-range applications 

(<1.5 m) and require a high-powered reader with antenna capable of reading the information. 

Passive tags are often very light, compact, and have unlimited life spans. 

Another category of tags is commonly referred to as semi-passive (also called semi-active and/or 

battery assisted RFID). These tags communicate with the reader as if they were passive tags but 

have a battery on board in order to support specific functions, e.g. to store periodic temperature 

information from an on-board temperature sensor. 

The active tags are typically powered by an internal battery (that lasts several years but whose 

duration strictly depends upon the application) and are utilized for long read-range applications 

up to 100 m. Active badges can continuously emit a detectable signal and are typically read/write 

with a higher total memory. Due to these increased capabilities, active tags are heavier, more 

expensive, and have limited life spans.  

Because the communication range is in most cases large enough to cover the entire desired area, 

tags have the opportunity to initiate an event by themselves. In combination with a sensor this 

enables a powerful tag to communicate data to readers at all times. This kind of tags can be used 

e.g. in various planning and alert integrated systems that will provide alarms when something is 

occurring which has not been foreseen by the integrated system.  

A subgroup of active RFID tags is Action Activated Tags (AAT). The key difference is the reali-

sation of the active power supply. No battery is used, but any kind of power supply, which is 

caused by a change of the environment conditions the AAT is embedded in, e.g. based on chemi-

cal reaction in combination of liquids or by using movement as well as pressure. In this class of 

devices the tag can transform the energy of the action to generate enough power for the Tag to 

respond; trigger the “stored energy” release. When replacing the battery by transforming the ac-

tions’ energy, the application of the AAT is not limited by the battery life-time and quite more 

important, the AAT will only become active if a specific action/situation in the environment of 

the tag will occur. This is especially important when aiming at the realisation of ambient sensor 

networks, facilitating the observation of implicit inputs from the user, ambience as well as from 

the process and infrastructure. 
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For future characterisation of the elements within such ambient sensor networks possible appli-

cations for manufacturing processes are presented and also different classes for the scanning pro-

cedures are included. 

Table 3: Characteristics of AAT 

RFID 
Type of Identifi-
cation 

Possible Application Scanning procedure 

Action 
Activated 

Implicit sending 

Monitoring of machine 
parameters only during active 
operation. 

Continuous passive scanning 
in a defined area 

Exceeding defined parameters 
like heat or humidity. 

Continuous passive scanning 
in a defined area 

Implicit 
sending/reading 

Update of equipment set-up 
during start of operation 

Continuous passive scanning 
and active sending at request 

Once a tag is placed, the basic components needed to collect the tag information and pass it to 

the proper application are the readers and the RFID middleware. The readers are the devices ca-

pable of activating the tags and having them provide their data. RFID middleware is the software 

system needed to perform a “sensible” reading, i.e. whenever a contemporary reading of multiple 

tags is needed it discards duplicates and selects the only data relevant to the application. 

Nowadays, each type of tag can be read by dedicated equipment. This means that an HF Reader 

is needed to read an HF tag and a different reader is needed to read a UHF one. 

A characterization of readers for passive and active tags is presented below: 

 Readers of Passive RFID tags: 

○ High power emitted (max. 4W) in order to activate passive RFID tags 

○ High power consumption (rank of Watts) 

○ Operating ranges of a few meters 

○ Passive Readers can read simultaneously a number n of RFID tag with a reading 

speed of a few seconds (n>100) 

○ Reader comprises the antenna, anti-collision systems (microprocessor + software + 

memory), RF transceiver, network interfaces (Ethernet, Wi-Fi, GSM, etc.) 

 Readers of Active RFID tags: 

○ Low power emissions (10-20 mW) 

○ Reduced power consumption (rank of mW) that allows integration in handheld devic-

es 

○ Long ranges (20-100 m) 

○ Active readers can read simultaneously different RFID tags (hundreds of RFID tags) 

with high reading speed (milliseconds) 

○ Readers include an antenna that can be integrated, an anti-collision system (micropro-

cessor + software + memory), a RF transceiver, network interfaces (Ethernet, Wi-Fi, 

GSM, etc.). 

The capabilities of the RFID system are very dependent on the carrier frequency at which infor-

mation is transported. The use of lower frequencies provides larger wavelength and a coupling 

effect between RFID tag and reader more similar to primary and secondary coupling inside in-

ductors. This causes the range to be shorter in LF (30-500 kHz) and HF (3 -30 MHz) bands than 
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in UHF (433 MHz (USA, DoD), 850–950 MHz (EPC2 and other) and microwave bands (2.45 

GHz and >5.8 GHz): for UHF and microwave as a matter of fact, the coupling between tag and 

reader is performed by backscattering (the electromagnetic wave is propagated from the reader 

and reflected by the RFID and modulated according to the specific information of RFID tag). 

The range that can be achieved using the same radiated power as in case of LF is much higher 

for UHF and microwave RFID system, depending on propagation conditions as well as on regu-

latory limits. 

Due to government regulation, different parts of the electromagnetic spectrum are assigned for 

different uses. The three frequency ranges that typically distinguish RFID systems are low, in-

termediate, and high. There are currently four frequency bands in use around the world for RFID 

applications. Within these bands a number of frequencies are addressed by RFID standards and 

used by manufacturers in proprietary applications. 

7.1.5 Security Aspects 

Security aspects are specially taken into account with respect to potential threats and hazards 

when aiming at the realisation of AmI technology based solutions. However, a review of state-

of-the-art in research and industries has led to the conclusion that the incorporation of the securi-

ty solution in the ICT system development is not yet well defined. In the current system devel-

opment process, security requirements are not specified in a strict manner that would allow veri-

fying that the system effectively addresses specific security requirements. Security aspects are 

usually referred to at an abstract level; moreover, in most cases security is an added feature ra-

ther than an in-built feature. A large variety of security solutions exist for the protection of ICT 

network and devices, however the interplay of these solutions in the context of a heterogeneous 

and dynamic computing environment is not well understood. 

For the above described AmI technologies in the previous sections, the following chapters will 

present the security aspects of SRS and RFID. 

In SRS security a possible aspect could be the identification of a concrete person speaking a text 

to an application driven by an SRS. This aspect may become relevant as an additional feature in 

high security systems. By addressing SRS for manufacturing industries, the emphasis should be 

put on good text recognition in combination with specific applications. This reliability aspect is 

considered in terms of realising interoperable solutions for diverse applications in mobile or out-

door environments with all the advantages of a speech interface instead of pedantically typing 

something into small equipment. 

The way of translating a spoken text into a form understandable by a computer is quite compli-

cated. There exist solutions which require a connection to a host server while trying to recognize 

the speech and translating the speech to an internal form. Here potential security risks could 

arise. On one hand the connection could interrupt thus preventing a correct recognition of text. 

Just because of this reason we prefer SRS-solutions completely running locally on a PDA or a 

similar embedded system. On the other hand, a constantly necessary connection would require 

that transferred data must be protected against unauthorized access. This task has to be super-

vised while data are transported and the same requirements apply to the server, too. 

In this way, the security aspects corresponding to access control and rights management remain, 

but special security demands caused by SRS itself don't have to be regarded. Actually the care 

should be taken of:  

 Who may access and use the equipment, e.g. the PDA? 

                                                 
2 Electronic Product Code (EPC) 

http://de.wikipedia.org/wiki/Elektronischer_Produktcode
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 Who may use what application and which rights will the user have? 

 Are data protected when they are transmitted? 

The first two aspects can be solved by well-known sophisticated authorisation concepts, if neces-

sary supplemented by encryption of data to prevent abuse especially if the mobile equipment 

itself is accessible by unauthorized persons. 

The third aspect, however, leads us to aspects concerning the security of data communication 

and the security of the respective application itself as presented in the following. 

Security aspects of RFID can be listed as: 

 Unlike passive RFID tags, active RFID tags may have powerful processors able to 

perform complex mathematical operations useful for handling strong encryption 

algorithms and authentication schemes, so when using active RFID tags there’s usually 

no need of intelligent readers or systems to grant information confidentiality, integrity 

and availability. 

 Confidentiality: On active tags, confidentiality may be granted through data encryption 

or authentication, or a combination of both. Encryption works in a manner similar to that 

described for passive tags, with the advantage in this case that active tags are usually able 

to encrypt/ decrypt information without the assistance of second or third devices. 

 Integrity: Data integrity is also granted through encryption and/or digital signature, 

and/or authentication. In this case it is possible to directly prevent write operations from 

third unauthorised parties, so digital signature may not be needed and can be used only to 

give stronger security to the system. 

 Availability: Availability to intended parties is granted through the knowledge of 

encryption/decryption and/or authentication passwords. 

 Authentication: Complex authentication schemes may be available when using active 

tags. It’s possible to create a password database in the same tag with different access 

levels in function of a password or a combination of user/ password like in classic UNIX 

systems authentication schemes. With this kind of authentication in combination to air 

protocol encryption, it’s possible to grant confidentiality, integrity and availability of the 

data better than with passive tags. 

7.1.6 Interoperability and Standardisation Key to Successful Implementation of 
AmI 

As researchers strive towards taking ambient intelligence into the commercial market, interoper-

ability and standardization will play a critical role. "Since ambient intelligence is built on the 

principle of integrating multiple devices through various communications medium and technolo-

gies, implementation becomes highly challenging," explains the analyst. "The key is to enable 

users to interface with any device in a simple manner through a generic platform that connects 

all the devices without any technological issues." Standardization right from the interface level to 

the implementation and hardware deployment is also proving to be important for integrating a 

pool of heterogeneous devices.  

Another key accelerator for ambient intelligence is the rapid advancements in wireless commu-

nication technologies in terms of higher bandwidth and data transfer rates and low power re-

quirements. As ambient intelligence overcomes the initial challenges and heads into commercial-

ization, healthcare and home automation are expected to be the fastest and biggest adopters of 

this revolutionary technology. 
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7.2 Market Trends 

The RTD trends described above are dictating directions of the market trends too. The commer-

cial applications of the specific AmI components as stand-alone systems are not so scarce like 

e.g. Speech Recognition Systems (SRS) or RFIDs used in many different applications.  

According to the currently available sources the SRS are used in many applications like Teleph-

ony, Healthcare, Military (for High-performance fighter aircraft, Helicopters, Training air traffic 

controllers), Automatic translation, Automotive speech recognition, Court reporting (Real-time 

Voice Writing), Hands-free computing: voice command recognition computer user interface, 

Home automation, Interactive voice response, Mobile telephony, including mobile email, Mul-

timodal interaction, Pronunciation evaluation in computer-aided language learning applications, 

Robotics, Video games etc.  

Already standard applications of RFIDs are Electronic vehicle registration, Payment by mobile 

phones, Transportation payments, Season parking tickets, Toll roads, Public transit (bus, rail, 

subway), Bicycle Parking Facilities, Asset management and retail sales, Product tracking, Gar-

ment tracking, Transportation and logistics, Animal identification, Ski resorts and a number of 

others. 

These market trends can be seen as a good driver to sophistication of the single components what 

in turn leads to enabling of a successful integration of the future holistic AmI systems.  

http://en.wikipedia.org/wiki/Speech_recognition#Military
http://en.wikipedia.org/wiki/Speech_recognition#High-performance_fighter_aircraft
http://en.wikipedia.org/wiki/Speech_recognition#Helicopters
http://en.wikipedia.org/wiki/Speech_recognition#Training_air_traffic_controllers
http://en.wikipedia.org/wiki/Speech_recognition#Training_air_traffic_controllers
http://en.wikipedia.org/wiki/Automatic_translation
http://en.wikipedia.org/wiki/Speech_recognition#Further_applications
http://en.wikipedia.org/wiki/Speech_recognition#Further_applications
http://en.wikipedia.org/wiki/Speech_recognition#Further_applications
http://en.wikipedia.org/wiki/Speech_recognition#Further_applications
http://en.wikipedia.org/wiki/Hands-free_computing
http://en.wikipedia.org/wiki/User_interface
http://en.wikipedia.org/wiki/Home_automation
http://en.wikipedia.org/wiki/Interactive_voice_response
http://en.wikipedia.org/wiki/Mobile_telephony
http://en.wikipedia.org/wiki/Multimodal_interaction
http://en.wikipedia.org/wiki/Multimodal_interaction
http://en.wikipedia.org/wiki/Pronunciation
http://en.wikipedia.org/wiki/Robotics
http://en.wikipedia.org/wiki/Video_games
http://en.wikipedia.org/wiki/Radio-frequency_identification#Electronic_vehicle_registration
http://en.wikipedia.org/wiki/Radio-frequency_identification#Payment_by_mobile_phones
http://en.wikipedia.org/wiki/Radio-frequency_identification#Payment_by_mobile_phones
http://en.wikipedia.org/wiki/Radio-frequency_identification#Transportation_payments
http://en.wikipedia.org/wiki/Radio-frequency_identification#Season_parking_tickets
http://en.wikipedia.org/wiki/Radio-frequency_identification#Toll_roads
http://en.wikipedia.org/wiki/Radio-frequency_identification#Public_transit_.28bus.2C_rail.2C_subway.29
http://en.wikipedia.org/wiki/Radio-frequency_identification#Public_transit_.28bus.2C_rail.2C_subway.29
http://en.wikipedia.org/wiki/Radio-frequency_identification#Bicycle_Parking_Facilities
http://en.wikipedia.org/wiki/Radio-frequency_identification#Asset_management_and_retail_sales
http://en.wikipedia.org/wiki/Radio-frequency_identification#Product_tracking
http://en.wikipedia.org/wiki/Radio-frequency_identification#Garment_tracking
http://en.wikipedia.org/wiki/Radio-frequency_identification#Garment_tracking
http://en.wikipedia.org/wiki/Radio-frequency_identification#Transportation_and_logistics
http://en.wikipedia.org/wiki/Radio-frequency_identification#Animal_identification
http://en.wikipedia.org/wiki/Radio-frequency_identification#Ski_resorts
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8 Conclusions 

AmI is a relatively new concept that is still focussed to its original application area – human 

populated/used areas where technologies seamlessly interact and adapt to human needs while 

being non-obtrusive. The industrial applications are waiting for a more serious elaboration.  

In order to become a reality AmI needs a number of key technological developments in specific 

areas: 

 Unobtrusive hardware (miniaturisation, nano-technology, smart devices, sensors etc.) 

 A seamless mobile/fixed web-based communication infrastructure (interoperability, 

wired and wireless networks etc.) 

 Dynamic and massively distributed device networks 

 Natural feeling human interfaces (intelligent agents, multi-modal interfaces, models of 

context awareness etc.) 

 Dependability and security (self-testing and self-repairing software, privacy ensuring 

technology etc.) 

This short study should be seen as an attempt to visionary identify the future directions of the 

AmI developments, focussing to an important domain of the human activity – manufacturing 

industry and energy efficiency optimisation in it. Taking into account the state-of-the-art in this 

area and comparing it with results from the just completed project AmI-MoSES an optimistic 

conclusion can be deduced that AmI offers new untapped source of possibilities to further im-

prove the elaborated area. However, on the way to realise a fully functioning Ambient Intelli-

gence Space there is still many technological challenges (e.g. energy, power, context awareness, 

and natural interfaces) within the key enabling technology fields to be addressed. Today, most of 

the technologies needed for the realisation of this vision are next-generation technologies not 

currently on the market. They are, however, being researched by many research institutes and 

company laboratories throughout the world in order to develop the building blocks for AmI.  
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