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Abstract – A pervasive computing environment consists 

typically of a large heterogeneous collection of networked 
devices. This paper describes the use of lexical knowledge 
to improve a pervasive computing environment. In an 
ongoing research project, we are exploring ways to enable 
non-technical users to manage and control their home 
environment that is particularly hostile. We assume that 
each device belonging to the pervasive environment has its 
own knowledge model, linked to lexical resources, with the 
purpose of defining a semantic interface. This approach 
tries to reach the pervasive essence of the natural lan-
guage. The coverage of handmade lexical resources is 
limited, coverage problems remain for applications involv-
ing specific domains or involving multiple languages. Our 
recent efforts are directed towards the technology devel-
opment, focusing on devices that are household appliances. 
This work is a contribution to facilitate, specially: the 
generation of multilingual device descriptions, the auto-
matic build of device’s graphical user interfaces, and on 
the fly adaptation of a spoken dialogue system to the per-
vasive environment. 

Keywords: Pervasive Computing, Lexical Knowl-
edge, Spoken Dialogue System. 

I. INTRODUCTION 
A pervasive computing environment consists typi-

cally of a large heterogeneous collection of networked 
devices. For start, we have to refer the terminology 
typically used to designate two key concepts within a 
pervasive computing environment, which are: Device 
and Service. Devices and services are the entities that 
participate in environment. “Devices” includes conven-
tional computers, small handheld computers (PDAs), 
printers, and more specialized network devices, such as 
a thermometer or household appliances. “Services” 
includes any sort of network service that might be avail-
able. In fact, most devices are represented on the net-
work by one or more services. Furthermore, a single 
network attached device may implement several ser-
vices, e.g., a network printer may provide printing and 
fax (and who knows what else), all in a single device. In 
this context, devices and services are considered essen-
tially equivalent and interchangeable. Together, these 
will be termed “Entities” or “Resources” on the net-
work. 

Entities must interoperate with other entities without 
pre-existing knowledge. This is a key aspect of sponta-
neous configuration. 

A pervasive computing environment offers us an in-
teresting starting point of discussion regarding the goal 
of achieving Plug and Play (PnP) functionality and its 
subsequent application to manage and control house-
hold appliances. There are several imaginable levels of 
PnP, which can be summarized in the following possi-
bilities:  

(i) No PnP – The environment can handle a 
fixed set of devices that are always connected; 

(ii) Weak PnP – The environment can handle a 
fixed set of devices that can be connected to or 
disconnected from the network; 

(iii) Medium PnP – The environment can handle a 
fixed set of device classes and only new in-
stances of these device classes can be plug and 
played; 

(iv) Strong PnP – The environment can handle 
completely new devices of previously unknown 
classes. 

II. AMBIENT INTELLIGENT ENVIRONMENTS 
Ambient Intelligence [1] refers to a recent paradigm 

in information technology. It can be defined as the 
merger of two important visions and trends: ubiquitous 
computing and social user interfaces. It is supported by 
advanced networking technologies, which allow robust, 
ad-hoc networks to be formed by a broad range of mo-
bile devices and other objects. By adding adaptive user-
system interaction methods digital environments can be 
created which improve the quality of life of people by 
acting on their behalf. These context aware systems 
combine ubiquitous information, communication, and 
entertainment with enhanced personalization, natural 
interaction and intelligence. 

This kind of environment can be characterized by the 
following basic elements: ubiquity, awareness, intelli-
gence, and natural interaction. Ubiquity refers to a situa-
tion in which we are surrounded by a multitude of inter-
connected embedded systems, which are invisible and 
moved into the background of our environment. Aware-
ness refers to the ability of the system to locate and 
recognize objects and people, and their intentions. Intel-
ligence refers to the fact that the digital surrounding is 



 

able to analyze the context, adapt itself to the people 
that live in it, learn from their behavior, and eventually 
to recognize as well as show emotion. Natural Interac-
tion finally refers to advanced modalities like natural 
speech and gesture recognition, as well as speech syn-
thesis, which will allow a much more human like com-
munication with the digital environment than is possible 
today. 

Ubiquitous computing [2] or pervasive computing 
are emerging disciplines bringing together elements 
from distributed systems, mobile computing, embedded 
systems, human computer interaction, computer vision 
and many other fields. Their vision is grounded in the 
belief that processors are becoming so small and inex-
pensive that they will eventually be embedded in almost 
everything. Everyday objects will then be infused with 
computational power, enabling them as information 
artifacts and smart devices. By bringing computational 
power to the objects of the physical world, ubiquitous 
computing induces a paradigm shift in the way we use 
computers. 

III. PERVASIVE COMPUTING ENVIRONMENTS 
Pervasive computing environments, such as home 

environments, are far more dynamic and heterogeneous 
than enterprise environments. Enterprise network ser-
vices operate within a network scope protected by fire-
walls and managed by human expert administrators. 

The increasing need to simplify the administration of 
pervasive environments introduces new requirements. A 
variety of new protocols has been proposed to attempt 
to satisfy these requirements and to provide spontane-
ous configuration.  

Examples in academia include the Massachusetts In-
stitute of Technology's Intentional Naming System 
(INS) [3], University of California at Berkeley's Ninja 
Service Discovery Service (SDS) [4], and IBM Re-
search's DEAPspace [5]. 

Major software vendors ship their service discovery 
protocols with their current operating platforms, for 
example, Sun Microsystems' Jini Network Technol-
ogy [6], Microsoft's Universal Plug and Play (UPnP)[7], 
and Apple's Rendezvous [8]. 

Perhaps the most serious challenge to pervasive com-
puting is the integration of computing devices with 
people. Normally, the users are not prepared to deal 
with frequent reconfiguration problems. Unfortunately, 
we now spend precious time actively looking for ser-
vices and manually configuring devices and programs. 
Sometimes the configuration requires special skills that 
have nothing to do with the tasks we want to accom-
plish. 

IV. RELATED WORK 
Various ubiquitous computing projects (e.g., MIT’s 

intelligent room [16]) have considered multi-modal 
interfaces that include natural language. 

A number of other researchers have modeled appli-
ances and developed specification languages (e.g., in 
XML) for appliance interfaces [17][18][19][20]. Sys-
tems designed around these specifications have tried to 
create a single interface to all appliances on another, 
remote appliance like a PDA. The Personal Universal 
Controller (PUC) [21] generates an interface to appli-
ances, using XML specifications. Unlike our proposal, 
the PUC executes simple commands, and does not use 
lexical knowledge. 

TRIPS Allen, et al. [22] is an agent based architec-
ture for handling natural conversation in the travel plan-
ning domain. In contrast to this kind of system, our 
proposal is to keep a simple solution to adapt on the fly 
a multi-propose spoken dialogue system [23]. Some 
related work on spoken dialogue systems within a ubiq-
uitous domain can be seen in [24][25]. 

Quesada et al. [26] describe a spoken dialogue sys-
tem in the D’Homme project that is specifically de-
signed for interacting with household appliances. The 
D’Homme system supports a set of core devices that are 
essentially binary and dimmable more simple that a 
household appliance. 

A number of commercial systems are being built to 
handle dialog with household appliances. Some exam-
ples include the Linguamatics Automated House, the 
SmartKom Home/Office, the Fluency House, and Voxi 
Smart Homes. As these are commercial systems, they 
do not report vital information about their mechanisms. 

V. LEXICAL KNOWLEDGE 
Lexical knowledge encompasses all the information 

that is known about words and the relationships among 
them. Outside of strictly linguistic knowledge such as 
phonology (the study of speech sounds (phonemes) and 
how they are used), morphology (grammatical and other 
variants of words that are derived from the same root or 
stem), and grammatical categories, this includes con-
ceptual knowledge, such as on various ontological cate-
gories, and pragmatic knowledge, such as conventional 
usages for certain words. 

VI. DEVICE SEMANTIC INTERFACE 
The adaptation process of a physical device to a per-

vasive computing environment is achieved by building 
a set of three layers, which would potentially cover all 
the relevant device features: 

(i) The first layer is a device driver that provides 
an elementary abstraction of the device express-
ing the primitive services. For instance, if the 
device is a door we must be able, through the 
device driver, opening or closing the door and to 
ask about the associated state (opened/closed); 

(ii) The second layer is an adapter that trans-
forms the first layer into a more convenient inter-
face, considering the device class. For instance, 
the adapter might transform labels into infrared 
command codes; 



 

(iii) The third layer includes particular features of 
the device, bearing in mind, for instance, varia-
tions of the device commercial model. 

The third layer must be personalized to the user’s 
needs, defining a device semantic interface, which inte-
grates concept declarations, class declarations, and task 
descriptors. Table I describes a device semantic inter-
face where mandatory slots are signaled by “*”. 

The concepts are organized in pre-defined groups: 
(1) attribute, (2) device, (3) general, (4) quantity, and 

(5) task. A group of concepts can be seen as a con-
trolled vocabulary. 

 
Table I-  Device Semantic Interface Descriptor 

sslloott  vvaalluuee  
ID* alphanumeric 

group* 

attribute, 
device, 
general,  
quantity,  
task 

lexical  
descriptor* 

Multilingual 
MWU list 

semantic 
descriptor 

Knowledge 
source list  

concept declaration* 

collection ID list 
other concept declarations … 

name device 
class device class declaration* 
super classes device list 

task descriptor* (see Table II) 
other task descriptors … 

 
A semantic interface descriptor starts with one or 

more concept declarations. A concept declaration refers 
a unique IDentifier (ID) that is an alphanumeric code, a 
group in which the concept belongs, a lexical descrip-
tor, an optional semantic descriptor, and an optional 
collection of related concept IDs. 

The lexical descriptor has a list of Multi-Word Unit 
(MWU) [9]. This list contains linguistic variations asso-
ciated with the concept, such as synonymous or acro-
nyms, and can be replicated for each one of the sup-
ported languages. The terms or words (root or stem) 
that compose the MWU are linked with their part of 
speech tags and phonetic transcriptions. Unlike a termi-
nology inspired ontology [10], concepts are not in-
cluded for complex terms unless absolutely necessary. 
For example, an item such as “the back bedroom light” 
is treated as an instance of a light, having the location 
“back bedroom” without creating a new concept “back 
bedroom light”.. 

The semantic descriptor references a list of external 
knowledge representations, for instance, a domain on-
tology or a lexical database such as WordNet [11]. 

The class declaration refers optionally members of 
the device group that are name, class, and a list of super 
classes. 

Finally, the semantic interface descriptor ends with 
one or more task descriptors (detailed in Table II). 

Table II, presents a task descriptor where the “*” 
means mandatory fulfilling. A device task descriptor is 
a semantic representation of a service provided by a 

device. We consider two kinds of tasks: action and 
perception tasks. A perception task cannot modify the 
state of the device. A task descriptor has a name and 
optionally an input list, an output list, and assumptions. 
A name is a concept from the pre-defined task group. 

 
Table II-  Device Task Descriptor 

sslloott  vvaalluuee  
name* task 

name attribute 
range* attribute or quantity 
restriction rule 

input role 

default attribute or quantity 
other input roles … 

input list 

pre-condition rule 
name attribute output role 
range* attribute or quantity 

other output roles … 
output list 

pos-condition rule 
initial condition rule assumptions 
final condition rule 

 
The input list, that describes the task input parame-

ters, has a set of optional input roles. An input role, that 
describes one input parameter, has a name, a range, a 
restriction, and a default. The name is member of the 
attribute group and is optional. The range is member of 
the attribute or quantity groups. The restriction is a rule 
that is materialized as logical formula and is optional. 
The range rule and the restriction rule define the set of 
allowed parameters. For instance, if the range is a posi-
tive integer (quantity) and we want to assure that the 
parameter is lower than 10, then we must indicate the 
restriction rule: “name < 10”. The default of the input 
role is a member of the attribute or quantity groups and 
is optional. When the default is not provided the input 
role must be filled. 

The output list, that describes the output parameters, 
has a set of optional output roles. An output role, which 
describes one output parameter, is similar to an input 
role without restriction rule and default. 

The rules of the task descriptor allow validation at 
three distinct layers. First, we have the restriction rule to 
perform argument validation. In a restriction, only the 
associated input role name can be referred. Secondly, 
we have the pre-condition (to be checked before task 
execution) and pos-condition (to be checked after task 
execution) for parameter group validation. In a pre-
condition only task input role names can be referred. In 
a pos-condition only output role names can be referred. 
Thirdly, we have assumptions for state validation: the 
initial condition (to check initial state before task execu-
tion) and the final condition (to check final state after 
task execution). In assumptions, role names and results 
of perception task calls can be referred. 

VII. APPLICATION SCENARIOS 
The previous described device semantic interface can 

be used by people or by other devices to recognize a 
device interface. 



 

In this context, we have already identified the follow-
ing application scenarios: 

(1) Automatic generation of multilingual device 
descriptions. The lexical knowledge linked in the 
concept declaration can be combined with the 
task descriptors to generate a systematic report 
(easily understandable) of the available services 
of one device and even of the entire environ-
ment. The generation can be target to a preferred 
language and the part of speech tags can be used 
for syntactic validation. The phonetic transcrip-
tion can be used to disambiguate terms (homo-
graph vs. homophone). With the phonetic tran-
scription of terms, is possible to correctly inter-
pret the represented concepts, and if needed, to 
synthesize speech. For Portuguese language, the 
phonetic transcription is obtained using SAMPA 
that is the phonetic alphabet for European Portu-
guese [12]. 

(2) Automatic build of device’s graphical user in-
terfaces. The knowledge about the group of con-
cepts (attribute, device, general, quantity, and 
task) can be used to determine the convenient 
graphical item to represent them. For instance, 
when a task input role is represented by an at-
tribute concept with a linked list o concepts this 
role should be represented by a combo box. Fur-
thermore when a concept belongs to the task 
group should be represented graphically by a 
push button that is used to fire the respective task 
execution. 

(3) On the fly adaptation of spoken dialogue sys-
tem to a pervasive environment. Spoken dia-
logue systems have been defined as computer 
systems with which humans interact on a turn-
by-turn basis and in which spoken natural lan-
guage plays an important part in the communica-
tion [13][14]. The main purpose of a spoken dia-
logue system is to provide an interface between a 
user and a computer-based application such as a 
database or expert system. Recently, new domain 
applications have been adopted by spoken dia-
logue designers, such as the home environment. 
In order to face this challenge some authors fol-
low approaches focusing the linguistic need of 
the each device or appliance [15]. The proposed 
semantic interface allows the device integration 
into the spoken language dialogue system previ-
ously prepared to deal with the propose task lay-
out representation. This integration process will 
allow the available task recognition on the fly for 
completely new devices – strong PnP. 

VIII. EXPERIMENTAL EVALUATION 
Our current work is based on an environment simula-

tor in which we are testing the proposed semantic inter-
face layout and the need of lexical knowledge to repre-
sent a set of home appliances that are essentially present 
in the kitchen.  

Figure 1 show a screenshot of the home environment 
simulator, developed originally for Portuguese users. 
On the top of the screen we can see the screen of the 
Fryer simulator after the execution of the request: “fry-
ing chinese spring rolls”. This screen shows the auto-
matically select temperature (180 ºC) and duration (7 
minutes) of the frying process. On the bottom of the 
screen we can see the list of the tasks and concepts 
involved in treatment of the command. 

 

 
 

Figure 1-  Environment Simulator 

This simulator allows the debug of the task invoca-
tion and the simulation of the interaction with a particu-
lar appliance. Using the simulator, we can attach and 
detach devices, do requests of tasks, obtain the answers 
and observe the devices behavior. We can also consult 
and print several data about the several device semantic 
interfaces. The available device simulators are: Air 
Conditioner with 24 tasks and 63 concepts, Freezer with 
13 tasks and 96 concepts, Fryer with 23 tasks and 92 
concepts, Light Source with 20 tasks and 62 concepts, 
Microwave Oven with 26 tasks and 167 concepts, 
Kitchen Table with 13 tasks and 48 concepts, Water 
Faucet with 24 tasks and 63 concepts, Window with 13 
tasks and 44 concepts, and a Window Blind with 65 
concepts and 22 tasks. 

Actually, we are migrating the simulator to a distrib-
uted architecture that is presented in Figure 2. The 
knowledge representation is supported by relational 
databases allowing an easy manipulation of data. 



 

We are currently using Java technology, under Linux 
Fedora, deployed in Tomcat Application Server. In 
order to maintain the knowledge models we are using 
MySQL database to satisfy MI and device needs. The 
database MITemp (in Figure 2) is used as a temporary 
database to load data from devices. 

 
 

Figure 2-  Environment Simulator 

IX. DISCUSSION 
The growth in pervasive computing will require stan-

dards in device communications. These devices must be 
able to interact and share resources with other existing 
devices and any future devices across the network. 

We considered the two extremes of technologies in 
terms of semantics: UPnP with all semantic aspects 
represented in XML and Jini with no need to represent 
semantic aspects. 

Jini relies essentially on code upload from devices in 
order that clients can access their services. If the code is 
itself a complete User Interface, then the client need not 
have any prior knowledge of the device interface in 
order to use it. The user can interact with the device via 
the user interface on his client, but the client need not 
know anything about the device. Otherwise, in order to 
use a service, the device must provide a “well-known” 
interface that the client does know about. From an im-
plementational view, Jini is attractive simply because 
the base technology is already public and reasonably 
well developed. 

Jini attributes system has the advantage of being 
strongly typed, due to the fact that it utilizes the Java 
type system. This advantage is lessened, however, by 
the lack of hierarchical descriptions. Because of this, the 
fields of many attributes will be represented as Strings, 
rather than actual data structures. 

UPnP is particularly interesting in providing both a 
simple format for device models (a set of actions of the 
form ‘command plus parameters’, an array of variables 
to model internal state, and an event mechanism for 
autonomous alerts on changes of internal state) and 
agreed specifications for particular devices for manufac-

turers to conform to. Although most of the specifica-
tions themselves generally remain in draft format and 
are not public knowledge from an implementational 
view, UPnP is less attractive at the moment simply 
because the base technology is less well developed. 
There are ‘early release’ versions of UPnP development 
kits and recent releases of the Windows operating sys-
tem (ME, CE) have some support for UPnP built into 
them but in general the environment is not as well de-
veloped as the Jini platform. 

X. CONCLUSIONS 
The current technologies require human interventions 

to solve environment reconfiguration problems. We 
believe that these technologies must be improved with 
more human like ways of interaction that must includes 
natural language support. Although the coverage of 
handmade resources such as WordNet in general is 
impressive. Coverage problems remain for applications 
involving specific domains or multiple languages. Our 
proposal considers possible coverage problems and the 
pervasive essence of the natural language. Our work is a 
contribution to enhance the pervasive environments 
with a simple inclusion of incremental lexical knowl-
edge. We expect to explorer these ideas moving our 
simulated devices to real pervasive environments. 
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