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Abstract 
This article introduces how speech and non-speech audio can 
be used in ubiquitous computing office environments. We 
describe an iterative development of an augmented office 
environment that helps people in their everyday tasks in of-
fice settings. Architectural as well as interaction issues are 
covered in this paper. We discuss how we have addressed the 
problems of multimodal data fusion, concurrency and conti-
nuity, dynamic content generation and output control, distri-
bution and modularity, which are key elements in building 
ubiquitous speech based systems.  

1. Introduction 
Speech technologies have been used successfully in various 
spoken dialogue applications, such as information systems. 
Still, the full potential of speech-based interaction has not 
been utilized. Pervasive computing applications, such as mo-
bile and ubiquitous environments, offer new possibilities and 
demands for speech-based interaction. 

In this paper we present how speech and non-speech au-
dio can be used in ubiquitous computing environments. We 
present an iterative development of an office environment 
augmented with services for interactive spoken guidance, 
unobtrusive group work awareness information, and system-
supported speech-based messaging. Our environment has 
been constructed incrementally using common system archi-
tecture. Technology-wise, speech recognition, speech synthe-
sis and speaker recognition are used. In addition, multimodal 
information sources are used for tasks such as positioning 
users. 

In workplaces it is often important to avoid disturbing 
people and provide indirect ways of communication to in-
crease awareness of the situation in the office, using unobtru-
sive methods. This enables direct communication to take 
place in a meaningful way, when it is appropriate. Speech and 
non-speech audio provide natural and efficient ways to im-
plement both direct and indirect communication. 

In our augmented office environment different ways of 
communication are used. Subtle indirect methods are used to 
lessen the information overload yet keeping the information 
available to trigger more active interaction. An audio messag-
ing application gives colleagues an informal ad hoc method of 
communicating between people and receiving news and other 
notifications from the environment.  A presence awareness 
application keeps people informed about each others’ activi-
ties and presence with minimal cognitive load. These are used 
together with route guidance and tour guide applications to 
form the augmented office environment. 

In order to enable all of the ways of communication, the 
system needs to have information about the different applica-
tions and the state of the environment. In the following sec-
tions we describe the enabling technologies and different 
applications that our augmented environment includes. We 
start by introducing the underlying system architecture and 
the enabling technologies that are used in the environment. 

2. Enabling Technologies 
The applications and services described in following sections 
use many technologies embedded to the environment. While 
previous research [1] has concentrated on separate applica-
tions and their interfaces, the applications of our augmented 
environment can communicate with one another and take 
advantage of each other’s results. Also, much previous re-
search has concentrated on ready-made, complete monolithic 
infrastructures [2], which are costly, inflexible, and may be-
come quickly outdated. In our opinion, ubiquitous computing 
environments will be acquired, installed and updated incre-
mentally. Therefore new services and information sources 
should be easy to add to the existing environment. This means 
that a flexible platform allowing constant growth for devel-
opment is needed. 

2.1. General system framework 

The whole augmented office environment is built on top of 
the Jaspis system architecture [3]. The applications in the 
environment are distributed so that certain modules, tasks and 
services run independently of each other. Functionality of a 
single service is based on the general agents – managers – 
evaluators –paradigm [4].  

All components inside the system share a common infor-
mation storage, which enables stateless components, and 
straightforward information sharing between the applications. 
In this way, it is more flexible to connect new services and 
add functionality to the existing applications. This also makes 
it easier to handle the growing complexity of speech based 
ubiquitous applications. In addition Jaspis offers standard 
interfaces to core technologies, such as audio sources, speech 
and speaker recognizers and so on. Support for abstraction 
and distribution of dialogue management for different devices 
is also available [5]. 

2.2. Environment model 

The ubiquitous nature of our assisting office environment 
requires the system to be aware of the objects and structures of 
the office space. Depending on the degree of detail this model 
consists of rooms, corridors and halls, or in more detail doors, 
windows, furniture and other less stabile objects in the envi-



ronment. The model of the environment is based on the de-
scription of objects, their attributes and relations between the 
components.  

The model concerning the shape and structure of the of-
fice serves all the applications of our environment, therefore 
it needs to cover structural information for route finding, de-
scriptive vocabulary information for speech-based guidance 
as well as information concerning the interaction possibilities 
and input and output devices of each location. A more de-
tailed description of the model is described in [6]. 

2.3. Positioning and activity information 

Positioning of the users is a common problem in mobile and 
ubiquitous systems. According to our experience, in an office 
context, reliable positioning of a user has to be done using 
several techniques and input channels together.  

We recognize people’s movements using electro-
mechanical film (EMFi) sensors placed on the floor. From the 
sensor’s signal we can separate 1) the uneventful baseline 
from 2) someone walking over the mat, and 3) someone step-
ping on the mat and staying there. This simple categorization 
is achieved by lightweight processing. To recognize individ-
ual people from the data, we need more complex signal analy-
sis in the manner of previous approaches [7]. 

The positioning information produced by the sparsely 
placed EMFi-sensors is not reliable enough as such for track-
ing individual people’s movements. Combined with position-
ing information gathered from other input devices, such as 
activity daemons that monitor the usage of mouse, keyboard 
and application activity and speaker identification results at 
the interaction points, more precise knowledge of the loca-
tions of users is achieved. The data is stored in the shared 
information storage of the system. This is another example of 
a need for shared information, cooperating components and 
iterative growth of the whole infrastructure. 

3. Applications of the Augmented Office 
Environment  

Next we present the applications that form the augmented 
office environment. It consists of three different approaches 
to help people in everyday office tasks. All of the applications 
are built using the same system architecture and information 
sources described in the previous sections. First we introduce 
speech-based guidance services. Then we present how speech 
technologies can be used to enhance communication in the 
environment. Finally, we present how awareness of other 
people and their activities can be presented in unobtrusive 
means using environmental non-speech audio. 

3.1. Reception and route guidance 

Visitors often require help when moving in unfamiliar facili-
ties. Help might be needed in orientating and navigating in 
large and complex indoor environments like airports [8] and 
office buildings. In particular, support is needed by special 
user groups, such as visually-impaired users [9].  In some 
cases visitors may require additional information concerning 
artifacts of the environment. This is the case, for example, in 
museums.  

We have developed a speech-based guide called Door-
man. It uses speech recognition, speaker verification and 
speaker identification to recognize the user and his/her 

speech. Outputs are handled via puppets that combine point-
ing gestures and synthesized speech. Figure 1 illustrates the 
system components and the interaction situation. 
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Figure 1: Interaction with the Doorman system

he user interacts with the system for the first time when 
e arrives at the front door of our premises. The system 
ates the speech recognizer when it detects the presence 
e user using an infrared sensor placed outside the prem-
 The user may also push the doorbell, which causes the 
m to wake up if the sensors have failed (for example, if 
 has been a lot of movement recently). A welcome 
pt is presented to the user, in which the purpose of the 

 or the name of the staff member the visitor is looking for 
ked. If entry is successful, visitors are guided to their 
t locations and/or people. If the purpose of the visit can-
e recognized, or an alleged staff member’s identity can-

be verified, a staff member is called to the door to deal 
 the situation. In the case of a staff member entering the 
ises, speaker recognition is used to identify the person, 
 which additional information depending on the user’s 
rences is given. Example 1 presents two dialogues be-
n the user (U) and the Doorman system (S). 

n the case of visitors: 
: (Pushes the doorbell) 
: I'm Doorman. Please say the name of a person or a place 

after the tone. 
: Markku Turunen 
: Welcome. The door is now unlocked. 
: (Enters inside and faces the guidance puppet) 
: The person that you are looking for, Markku Turunen, can 

be found from room 432. In order to get there turn left. 
Start near the meeting room. Turn right and head towards 
the sofa. Markku's office is in front left. 

n the case of staff members: 
: (Detects movement and starts recognition) 
: This is Markku Turunen, good morning. 
: (Verifies the speaker correctly.) 
: Welcome Markku. The door is unlocked. 
: (Enters inside and faces the guidance puppet) 
: By the way, you have 12 unread messages in your inbox. 

Example 1: Doorman example dialogues (translated 
from Finnish). 

hen the visitor enters inside, the puppet is used to give 
ance to the user. The model of the premises is used to 
rate appropriate route descriptions with required level of 



detail [6]. In the current setup the guidance is given in one 
place, but there may be also other places for route guidance 
interaction like intersections and lobbies. This way, the guid-
ance is given in small chunks, which are easier to understand 
and memorize [10]. This brings up the need to distribute the 
dialogues spatially in the environment. We have implemented 
a prototype application that locates users moving in our prem-
ises and directs the system outputs to the nearest loudspeaker. 
This way the presented information follows the user. 

3.1.1. Additional guidance information 

We have applied the guidance system to present objects in a 
tour guide fashion. It is used for describing our research by 
explaining the posters placed in our premises. We use posi-
tioning and step event recognition to find out user’s location, 
and whether they have stopped in front of an item or just 
passing by. The description of an item is dynamically con-
structed and depending on what a person has already seen, the 
tour guide makes cross references on a variety of topics to 
other previously seen items. 

Currently we are examining more versatile uses for 
guides in public places such as museums, where they describe 
artwork. Furthermore, automated guides could bring added 
value by describing the facts that are not covered in the ordi-
nary tours such as the history of the museum buildings. Inter-
active advertisements in places like bus stops could be con-
structed in this fashion. A guide like this could also be used in 
factories to describe parts of machinery or stages of a process, 
or offer help in rescue situations. An example of user and 
context aware tour guide follows.  

 
For sighted users: 
“As you can see, the artist uses the same idea of opposites when 
choosing materials as in the three previous sculptures. Dark 
bronze and light wool form a strong contrast.” 
 
For visually impaired users:  
“As you can feel, the artist uses the same idea of opposites when 
choosing materials as in the two following sculptures. Coarse 
bronze and soft wool form a strong contrast.” 

Example 2: Two adapted outputs. 

In Example 2 the outputs are adapted according to the 
user’s interests. In addition dynamic content creation reacts to 
accessibility problems as well. This example showed the need 
for user adaptation and dialogue distribution in time and 
space. Next we will describe how our augmented office envi-
ronment supports communication between people. 

3.2. Messaging 

Messaging services are commonly used in group work for 
informal and ad hoc communication. Speech-based messaging 
contains vocal subtleties, emphases and emotions which can 
not be conveyed in text-based communication such as in [11]. 
Spoken dialogue technologies can be used to support the 
communication between the users, and act as a partner in the 
conversation to bring in added value such as guiding the mes-
sages to correct locations. We have implemented a messaging 
system based on speech and speaker recognition, micro-
phones and loudspeakers placed in corridors, halls and private 
offices. Microphones in offices are connected to the desktop 
computers of the group members and they act as triggers to 

the dialogue in addition to their primary use. The dialogues in 
Example 3 demonstrate the interaction between the users and 
the system. 

 
U1: (opens the microphone connected to his desktop com-

puter) “Message to Anssi” 
S1:  (speech and speaker recognition and loudspeaker se-

lection) “Hi Perttu. Do you want to send message to 
Anssi?” 

U1: “Yes” 
S1: “Please dictate your message. Finish by closing the 

microphone line” 
U1: “Anssi, you haven’t replied to the e-mail I sent you. 

Are you still at work?” (closes the line) 
S2: (activity check from Anssi’s desktop computer and 

loudspeaker selection) “Anssi, there is a message 
coming from Perttu:” (message playback) 

S2:        “Open your microphone to reply?” 
U2: (opens the microphone) “Sorry, I’ve been reading an 

article and haven’t noticed the e-mail. I’ll reply to it 
shortly.” (closes the line) 

S2:       “Anssi replied:” (message playback) 

Example 3: Speech-based messaging. 

The message system offers a general spoken dialogue in-
terface between the users and the services embedded to the 
office environment. In addition, group work may benefit from 
location and context aware messaging applications, in par-
ticular if group members are working in different physical 
locations. Currently we are studying how the system can be 
more aware of the location and state of its users. With this 
information, the system can convey the messages using the 
best possible channels. This example showed the need for 
supporting multiple dialogue partners and physically distrib-
uted dialogues. 

3.3. Supporting awareness 

In addition to direct messaging we have implemented ways to 
keep people aware of activities inside their environment in 
more indirect ways. We aim at bringing information calmly to 
the periphery of people’s attention, in order find less burden-
ing ways to inform people [12]. 

Presence information is given in a transparent and unob-
trusive manner using environmental audio, regarding to the 
activity data that is collected as presented in section 2.3. The 
final presentation is a compilation of the general activity of 
the whole workgroup. We have created soundscapes, in which 
each person is presented by a sound, for example the singing 
of a certain bird. Sounds are mixed together dynamically 
depending on the situation and interleaved in layers in order 
to create a presentation as natural and calm as possible. Play-
back is handled by highly directional EMFi-loudspeakers 
placed in public places and personal offices. The same speak-
ers are shared by other applications described in this paper. In 
addition to symbolic bird sounds, we also experimented with 
the actual walking sounds of users [13].  

In order to support awareness in more direct ways, we 
have implemented a speech-based application to present in-
formation, such as news bulletins, while people are moving 
around the premises. These applications show the need for the 
capability of using different levels of attention, where direct 
speech and indirect non-speech support each other. 



4. Findings 
We have presented an assisting office environment that uses 
speech and non-speech audio for the interaction. Next we will 
present results and observations gathered during the devel-
opment of this environment.  

We have conducted evaluations on some of the applica-
tions. The usability of the Doorman system was evaluated as 
a part of the development process by performing a Wizard of 
Oz experiment, in which speech recognition and speaker rec-
ognition were simulated [14]. The main findings concerned 
the way users spoke to the system, and they emphasized the 
importance of correctly and actively recognizing people’s 
locations, and providing means for place-independent com-
munication. 

Based on our experiences, the efficiency of guidance and 
concurrent events indicate a requirement for a more robust 
support for concurrent dialogues. The flexibility of control 
inside the architecture has been a growing need as the amount 
of components, services and dependencies between modules 
has multiplied. Some of these findings motivated us to design 
a new version of the Jaspis system architecture [15]. 

Early in the development process we discovered that one 
of the major challenges in ubiquitous environments is the 
distributed nature of the dialogues. We have developed dis-
tributed dialogue management techniques for some of our 
other spoken dialogue applications that use agents to handle 
same tasks differently [16]. We have also developed a model 
that enables physical distribution of dialogues, where high 
level coordination is done by generating dialogue descriptions 
using the VoiceXML standard [5]. These descriptions are 
realized by terminal devices so that low level decisions are 
done by the devices. Such distribution gives the ability to 
choose output devices and modalities on the fly. These mod-
els and techniques increase general robustness and flexibility 
of the environment, for example regarding accessibility prob-
lems [9].  

Finally, regarding to our experience it seems quite likely 
that ubiquitous computing environments will not appear in-
stantly as single monolithic systems, but slowly over time. 
Applications, services and systems might have differing aims, 
interaction styles and technological standards. They will be 
small increments, sometimes adding, modifying or removing 
parts of the whole environment. The incremental development 
of our environment has been made possible by the use of the 
general system architecture. 

5. Conclusions 
We have presented how speech-based and auditory interac-
tion can be used in augmented office environments. Speech 
recognition, speaker recognition and speech synthesis tech-
nologies are combined with other technologies and informa-
tion sources to create applications for guidance, computer-
supported communication and providing unobtrusive aware-
ness information. These applications together form the aug-
mented office environment that helps people in their everyday 
tasks.  
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