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Abstract. As part of the AAL programme, the FOOD project is developing a 
smart kitchen and is setting up local and remote ICT applications to support 
feeding in a secure and comfortable environment. The implementation of an 
application to help people with diabetes in choosing a correct diet is used as an 
example of the emerging complexity of ICT applications in an Ambient Intelli-
gence environment. Suggestions for possible future approaches to the develop-
ment of Ambient Intelligence environments and complex applications are  
offered. 
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1 Introduction 

Recently, interest has grown in the emergence of an Information Society as an Ambi-
ent Intelligence (AmI) environment and in the study of how it is possible to avoid 
exclusion of people, with main reference to people with activity limitations and eld-
erly people. As a part of the AAL (Ambient Assisted Living) European programme 
dealing with elderly people, the FOOD 1  Project (Framework for Optimizing the 
prOcess of FeeDing), under the responsibility of the Italian Company Indesit2, is de-
veloping a smart kitchen. It contains interconnected sensors and kitchen appliances 
and allows access to local and remote (Internet) applications dealing with all aspects 
of feeding (e.g. from accessing databases of recipes and getting ingredients for cook-
ing to socialising around food topics with friends). The FOOD system (networked 
appliances and a selection of services/applications) are now in a pilot phase in apart-
ments of older people in Italy, The Netherlands and Rumania [1]. 

In smart housing, up to now most emphasis has been on problems related to safety 
and health care, because, as prerequisites to an independent life, people need to live in 
a safe environment and be in good health. A lot of technology has been developed for 
these applications (e.g. sensors, remote control services, e-Health services), often as 
an answer to a specific problem and not integrated in a comprehensive living ecosys-
tem. It is now time to take also care of well-being of people in their living environ-
ments, aiming to grant them comfort, entertainment, possibilities of social contacts, 
                                                           
1 http://www.food-aal.eu 
2 http://www.indesitcompany.com/inst/en/index.jsp 
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etc. This is the aspect of the FOOD activity in the focus of the present paper. As an 
example, the problems relevant to set up an application to support people with diabe-
tes in choosing a correct and pleasant diet is outlined.  

However, as all successful activities, the FOOD project has contributed to point out 
limitations of the present approach to the development of intelligent environments and 
support applications, particularly for groups of people with activity limitations (some-
times partial and/or potential as in the case of older people). The diet application, for 
example, implies a level of complexity asking for a more general approach to the 
implementation of the entire home system. Therefore, a possible structured approach 
to its development is proposed and briefly described. 

2 Design of Smart Environments: The Present Situation 

One of the main features of research and development in smart housing is to be tech-
nology driven. A new technology is available and attempts are made not only to avoid 
new forms of exclusion, but also, hopefully, to use it to support specific user groups. 
Normally, the problems of a group or several groups of people with activity limita-
tions are the starting point of development. They are expressed in questions as, for 
example, the following:  how can people, who are blind or have (minor) decreases of 
ability to see as many elderly people, live independently in a smart house? How can 
they use the available technology?  How can they be supported by this technology? 

Another common feature is that, in many cases, accessibility to ICT and human 
machine interaction aspects are the focus of activity. Obviously, they represent a basic 
element, but the concern about them may have a limiting effect on the functionalities3 
to be considered as components of the applications to be implemented. Only function-
alities that can easily be made available through the planned interface are considered, 
without an analysis of other different interaction options, often available, for a more 
appropriate implementation of the applications.  

As an example, in the FOOD project two interaction options have been considered 
from the very beginning. The first is distributed and based on the interfaces of the 
single appliances. The second is aimed to allow the control of the entire kitchen and 
the connection with the outside world. It is based on a tablet using the Android oper-
ating system. In this case, interaction with the environment is taken back to the  
normal model of interaction with a computer (windows, menus, etc.), using the acces-
sibility supports offered by the operating system itself or available in the Google Play 
market (for example a screen reader for blind persons).  

A more general and abstract approach should be adopted. The starting point should 
be the identification of activities that people must carry out to live an independent and 
satisfactory life (for example in the case of FOOD: acquisition of food, access to reci-
pes, cooking and so on). On the basis of the identified activities the environment 
(networked appliances, sensors, and services/applications) should be designed and 
implemented, considering all user groups that can be reasonably served (Design for 

                                                           
3 In this paper, functionality and service are used as synonyms. 
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All) in planning its layout, number and type of appliances, number and type of inter-
actions. Then, when necessary i.e. when difficulties are present for the completion of 
necessary tasks, suitable technological supports should be examined, also considering 
possible clashes of interest among different user groups and choosing the solution that 
maximises advantages (e.g. reduction of cost, number of people who can use it). Fi-
nally, if the chosen technological solutions are not suitable for some user groups, 
special adaptations could be looked for (Assistive Technology). 

The lack of a structured approach and the limitations of the interaction technology 
available in the FOOD environment led to a partially unsatisfactory situation. While 
the analysis of the needed applications and of its component functionalities was made 
at a general and abstract level, the implementation had to take into account the tech-
nological limitation related to industrial constraints (availability of standard appli-
ances with limited possibility of modifications and a pre-defined tablet interface).  

3 Identification of the Necessary Functionalities 

The design and implementation of a kitchen, where people can take care of feeding 
independently and comfortably, can be structured in the following steps: 

• Identification of activities necessary for feeding; 
• Identification of applications necessary to allow people to carry out the activities 

and/or to support them, when necessary. They can be based on technology (both 
local and remote) and on the support by people (e.g. cooperative networks); 

• Splitting up of the applications into functionalities contributing to their implemen-
tation. This is necessary, because the same functionality can be re-used in many 
applications (for example, a database facility can be used in applications dealing 
with recipes, food availability, diet and so on); 

• Identification of interactions relevant for accessing available functionalities. This is 
the level where accessibility concerns should be considered. Ideally, applications 
and their functionalities should only be chosen on the basis of the foreseen benefit 
for all users. Then, if some users have interaction problems, the effort of offering 
an accessible version should be made; 

• Choice of technology for the implementation of the environment and relevant ap-
plications; 

• Implementation of the AmI environment; 
• Evaluation. 

Presently, the identification of activities and functionalities to support them is often 
made on an ad hoc way, for example with interviews with end users, often in an in-
adequate number. This can be useful when different options are available and it is 
necessary to investigate what is more convenient for a person or a group of people. 
However, general knowledge about activities to be carried out for feeding and their 
connection with necessary abilities have been widely investigated and made available 
in a structured form in the WHO ICF document [2] and its developments. WHO ICF 
is a widely accepted document, produced through the agreement of people around the 
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world. It is well structured and, therefore, usable in mechanised procedures. More-
over, the ICF classification can be used as it is or expanded if necessary. In ICF,  
activities relevant for feeding are classified, including difficulties that people with 
activity limitations could encounter in carrying them out. Moreover, the classification  
has been extended to consider the impact of food on health, e.g. on the diabetes  
disease [3]. 

After the definition of activities and sub activities, the identification of functional-
ities, necessary to support these activities (feeding, in the FOOD project), is neces-
sary. They include technological functionalities available in the kitchen and/or  
remotely and human support. Examples are: control of the single appliances, access to 
recipes documentation in electronic format, access to social networks to get informa-
tion and to discuss about food topics, etc. This identification must be done (Design for 
All [4] [5]) taking into account the abilities of all people who are supposed to use the 
kitchen. So far, no interaction aspect needs to be taken into account, but only func-
tional ones: for example, the use of complex descriptions of recipes can create diffi-
culties to older people with decreased cognitive capabilities, independently from the 
form of interaction. In the case study, the identification of additional functionalities 
for taking care of the diet for people with diabetes was necessary, as shown in the 
following section. 

4 Emergence of Complexity – Diet for People with Diabetes 

Even if a correct and balanced diet is beneficial for all people, some of them have 
diseases that need avoidance of a specific food or a careful balance of the entire diet. 

The diet for people with diabetes is considered here as a case study to show that 
taking care of it leads to a level of complexity that is incompatible with the intelli-
gence available in the smart kitchens presently proposed. It is maintained that new 
structured procedures for assembling the environment, setting up applications and 
controlling the entire system are needed. 

If the person in the kitchen has an allergy or a disorder as the coeliac disease or a 
high cholesterol level, it easy to advise her about possible problems with food. They 
are binary (yes/no) situations. It is easy to go through the recipes or the shopping list 
and send warnings as shown in Fig. 1, where the output of an application set up in 
FOOD is shown. 

 

 

Fig. 1. Warnings for people with coeliac disease or high cholesterol level 
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With people with diabetes, the situation is much more complex. Given a food, it is not 
possible to tell them that it is not advisable to eat it. It suitability depends on: 

• The food eaten in the previous days; 
• The food possibly available in the near future (if information is accessible); 
• The average health situation of the single person; 
• The present situation (real time measurements). 

A lot of knowledge is necessary: 

• About the disease (different forms of diabetes); 
• About foods and their calorie content; 
• About possible interactions among food items; 
• The medical history of the patient; 
• Its diet history; 
• The real-time situation. 

Therefore, the possibility of reasoning on this knowledge must be available. 
A lot of knowledge is indeed available about different aspects of the problem, 

which has been already formalised in ontologies [6], for example on food and the 
different aspects of the diabetes disease [7]. Expert systems [8] exist able to reason 
about different aspects of the disease and support health care professionals and pa-
tients. This means that the environment cannot only be augmented with sensors and 
networked appliances, able to give simple warnings and/or offer adapted interactions 
for people who have sensorial or cognitive lacks of abilities. It must be able to reason 
on formalised information to take care of all aspects relevant for a secure and com-
fortable life. 

5 A Possible Future 

Even if it is obviously difficult to influence the development of basic technology, it is 
in principle possible to control its integration in environments, able to cope with com-
plex problems as the one briefly outlined in the previous section. 

Fig. 2 is a simplified sketch of the procedure that designers and implementers 
should use in setting up intelligent environments. At the same time, it describes the 
way the system itself should be able to run and evolve to take care of the complex 
tasks needed to grant people a comfortable and independent life at home and of the 
evolution of the technological environment. The main feature of the procedure is that 
it must be based on formalised knowledge of all aspects relevant for design and im-
plementation of the environment, using which designers and/or the system itself can 
reason in order to optimise its behaviour. 

Once necessary activities of people and system functionalities to support them 
have been identified, developers must decide and implement the right assembly of the 
building blocks (home appliances and sensors), the way functionalities are made 
available, and the type(s) of suitable interactions. 
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This implies knowledge about: 

• The environment under study (in this case, the kitchen and all activities related to 
feeding in general and to people with diabetes in particular); 

• The applications of interest (e.g. ontologies about food and different aspects of 
diabetes); 

• The different functionalities that it is necessary to make available; 
• User abilities, considered from the perspective of contents (e.g. complexity of the 

language to be used in connection with the cognitive abilities of the potential us-
ers); 

• Characteristics of technology and its interface protocols; 
• Users’ interactions capabilities and possible accessibility supports. 

User information is particularly critical. At the design and development stage, this is 
supposed to be used to plan the necessary functionalities and interactions. Everything 
that is crucial to allow the control reasoning system to adapt the environment and 
functionalities to the single user must be made available. 

 

Fig. 2. A structured design and implementation procedure 

If one looks at Fig. 2 from the perspective of the implemented system, the knowl-
edge base becomes a mechanised (ontology-based) database and the reasoning system 
is not any more the designer, but an artificial intelligence inference machine.  
The reasoning system must be able to interconnect the (normally heterogeneous) 
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technological building blocks of the environment and to adapt the entire system to the 
identified needs of the users, considering the behaviour of the individual building 
blocks and the complete resulting environment, the information contents of the ser-
vices/applications, and the foreseen interactions. More in detail, it must be able: 

• To monitor possible changes in the definitions of activities to be carried out (e.g. 
evolution of ICF); 

• To acquire user behaviour and formalise it in the ontologies; 
• To evolve the functionalities of the environment and applications, as a result of 

changes in the knowledge about activities, evolution of technology, and changes in 
needs and preferences of users; 

• To get information about evolution of technology and its functionalities, integrat-
ing, when necessary, the required changes in the system; 

• To get information about possible evolution of interaction features of the emerging 
environment and integrate it in the system. 

Moreover, it must be able to monitor usage of the entire environment in real time, 
acquiring and formalising possibly varying usage patterns in order to adapt continu-
ously its behaviour to user requirements. 

From the interaction perspective, it is important to observe that in complex situa-
tions as the ones emerging in ambient intelligence environments, interaction cannot 
only be analysed from the perspective of giving the user access to the available inter-
face. A real exchange of information between people and the system, which must be 
able to assist them, learn from their behaviour, test the validity of its assumptions and 
react to explicit requests, must be established. 

People are normally used to exchange information through face-to-face conver-
sation in “natural language”. Speech is the “natural” interface among them. There-
fore, the interaction between environments and people living in them should be 
mainly based on a dialogue in natural language. Interfaces based on windows, 
menus, command lines are only a poor way out of the real problem, due to limita-
tions of present technology. However, trends of developments in information tech-
nology and artificial intelligence (see, for example, the SIRI applications by Apple 
[http://www.apple.com/ios/siri/] and the Watson project by IBM [http://www-
03.ibm.com/innovation/us/watson/]) show real possibilities of a successful evolu-
tion in this direction.  

Obviously, also a communication in natural language may create interaction prob-
lems to some groups of people with activity limitations. They must be identified and 
formalised, and the reasoning system is supposed to introduce the necessary adapta-
tions as a function of the user and activity the carried out. Apparently, natural lan-
guage interaction is considered a promising and viable possibility, where industry is 
heavily investing. In the meantime, it will be necessary to work with suboptimal solu-
tions, as the ones considered in the FOOD project. Problems potentially caused by 
these interactions must be carefully analysed and formalised to allow the control of 
the corresponding interfaces by the reasoning system. 
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6 Conclusions 

Ambient intelligence is offering interesting new possibilities to allow a comfortable 
life for all citizens and to support independent life of people with activity limitations. 
A prerequisite is that information about the environment itself, the available technol-
ogy and users must be carefully collected and represented in a formalised form, to be 
used by the designer or an artificial intelligence reasoning system to adapt the envi-
ronment to the individual users. 

An application dealing with the suggestion of a diet for people with diabetes has 
been  used as a case study to show that the smart home system must evolve to exhibit 
a real intelligent behaviour, not only from the perspective of adapting interaction to 
users but also in producing relevant information. 

A similar conclusion can be reached discussing problems of safety in the house, 
which must be able to infer needs of intervention not only from physical sensors (e.g. 
gas switched on, leaking taps), but also from the behaviour of its inhabitants. 
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