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ABSTRACT

This paper gives an overview over the progression and re-

sults of the VODIS (Voice-operated Driver Information

Systems) project, a EU-funded project with participation

of many industrial and academic partners within Europe.

It describes the architecture and functionality of a driver

information prototype system that is able to control tele-

phone and audio devices, but also goes beyond these appli-

cations by enabling a potential user of the system to enter

a destination within the navigation context by speech. The

developed demonstrator allows the speaker-independent

input of up to 70 prede�ned command words, phrases and

even dynamically generated names (e.g. radio stations,

phonebook entries) for hands- and eyes-free voice opera-

tion of the car-infotainment functions mentioned above. A

prototype system has been realized in four European lan-

guages: German, French, English and Italian. User evalu-

ations on driver level under realistic conditions have been

conducted with this system and the results are presented

in this paper.

1. INTRODUCTION

Speech recognition technologies are utilized in more and

more everyday applications. Their usage is of special con-

cern in car environments where the hands-free operation of

driver assistance and navigation systems is a prerequisite

to guarantee a comfortable and secure operation.

The project VODIS [1] focused on speech recognition and

synthesis technologies as novel means of human-machine

interaction in the automobile environment. As an EU-

funded project that was carried out in the period from

December 1995 until June 1999, VODIS brought to-

gether industrial as well as academic partners involved

in the complex process of designing, developing, evalu-

ating and commercializing voice-operated systems in the

vehicle. The project was initiated and co-ordinated by

the Robert Bosch GmbH (Germany), a major supplier

of the automotive industry, including driver assistance

and navigation systems. The consortium further con-

sisted of Lernout & Hauspie Speech Products (Belgium),

four car manufacturers: Volkswagen AG (Germany), CRF

Fiat (Italy), PSA Peugeot Citroen and Renault Regienov

(France), and several academic institutions: University of

Karlsruhe (Germany), Aachen University of Technology

(Germany), Technical University of Eindhoven (Nether-

lands), INESC (Portugal), INRIA Loraine (France) and

IRST (Italy).

A major objective of the VODIS project was to develop,

integrate and evaluate a voice-controlled driver informa-

tion system in several languages. Within VODIS this has

been accomplished in two phases: VODIS where the lan-

guages German and French were addressed, and VODIS II

where the scope of the project was extended to two more

European languages, namely English and Italian.

Special emphasis within the project has been put on the

development of a robust speech recognition engine and the

inherent pre-processing algorithms including echo cancel-

lation and noise reduction techniques, as well as the de-

sign of e�cient and user-friendly dialogue structures. To

this account data collection activities have been conducted

throughout the project, both covering the collection of

data in simulated environments as well as in-car data for

training of the acoustic models of the recognizer. As mo-

bility in the automotive environment triggers the require-

ment of in-car systems and services to be usable in various

languages, also multilinguality is a relevant feature. As a

consequence, work was performed on non-native or cross-

lingual pronunciation issues between the various European

languages involved in the project. In addition, the inter-

action of human-machine conversation and the design and

development of a comfortable, e�cient, easy-to-use and

safe vocal interface was of major concern. As a conse-

quence, user-friendly dialogue structures have been devel-

oped and are embedded in the system [3]. To this end user

evaluations in simulated environments as well as on driver

level have been conducted throughout the project. To-

wards the �nal phase of the project a prototype system

covering the four European languages German, French,

English and Italian has been developed and was used for

evaluation tests under real conditions in a driving veci-

cle. These �eld-tests aim at the evaluation of usability,
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ergonomics and interaction with the driving task and were

carried out by several project partners all over Europe cov-

ering a wide range of tra�c conditions. Analyses of the

results have been incorporated into advancements of the

�rst prototype and also give valuable input for the devel-

opment of future generations of voice-driven information

and communication services within an automobile.

Within this paper the functionality of the VODIS system is

described and the underlying architecture of the system is

introduced. Finally, a description of the conducted usabil-

ity studies is given and the results of the user evaluations

are presented.

2. SYSTEM FUNCTIONALITY

The VODIS system aimed at the development of a vo-

cal interface for driver assistance and navigation systems.

Within the project voice operation of car-infotainment sys-

tems, such as radio, CD-player, cassette, telephone and

navigation was implemented. The developed demonstra-

tor allows speaker-independent input of up to 70 prede�ned

command words, such as for example "CD one" to choose

a certain CD out of 10 CDs in a CD changer, or "Track

three" to play the third song on the chosen CD.

For more advanced tasks, such as selecting a speci�c des-

tination within the navigation context, some kind of dia-

logue structure had to be applied. When entering a desti-

nation consisting of e.g. city and street name, the follow-

ing conversation between the user and the VODIS system

takes place:

User: "Navigation"

System: "You can choose from the navigation menue"

(here the selection would be either "Enter destination" or

"Start route guidance")

User: "Enter destination"

System: "Please specify the type of destination"

(where types of destination are: "Town", "Street", "Other

destination")

User: "Town"

System: "Please enter the town"

User: "Stuttgart"

System: "Stuttgart"

User: "Yes"

System: "Please specify the type of destination"

User: "Street" ...

where the street name would be entered according to the

same procedure as the city name. Especially for the task

of entering a navigation destination, where the selection of

a city or street name has to be performed on very large

lists containing several 1,000 entries, the system relies on

the recognition of spelled names in case of misrecognitions,

as demonstrated in the follwowing example:

User: "Bebelstrasse"

System: "Biegelstrasse"

User: "No"

System: "Bihildstrasse"

(where "Bihildstrasse" would be the next candidate in a

N-best list, at this point the user may answer "Yes", "No"

or "Spelling mode")

User: "Spelling mode"

System: "Please spell the street"

User: "Be E Be E El"

System: "Bebelstrasse"

User: "Yes"

As can be seen easily, the entry of a destination for naviga-

tion purposes is a much more complicated procedure than

for example changing a radio station or dialling a telephone

number [4].

3. SYSTEM ARCHITECTURE

The architecture of the VODIS system is demonstrated in

�gure 1. A PC-based solution was used consisting of a con-

trol unit controlling the functionalities radio, CD-player,

cassette, telephone and navigation. All these components

were interconnected via serial bus and a CAN interface.

Figure 1: System Architecture of the VODIS System.

Input to the system is done through a microphone mounted

on the ceiling of the car. The speech recognition engine is

activated by pushing a Push-To-Talk (PTT) button. Sys-

tem output is transferred visually through the system dis-

play and in addition acoustically through the loudspeak-

ers. In our case all HMI-relevant components were realized

through software solutions on a standard car-PC assum-



ing the role of the speech-HMI-controller hosting the ba-

sic functions speech recognition, speech synthesis, dialogue

and display control.

In summary the main tasks of the VODIS control unit are:

� dialogue control

� system control

� display control

� signal preprocessing

� speech recognition

� speech synthesis

4. EVALUATION SCENARIO

The VODIS prototype system has been integrated into

�ve di�erent vehicles, a Volkswagen Sharan and Passat

for German and English, a Renault Safrane and Peugeot

406 for French, and a Fiat Marea Station Wagon for the

Italian evaluation. Objective of integrating the prototype

system into real automobiles was to have an evaluation

and demonstration platform for the VODIS system. For

evaluation purposes only the human-machine interaction

components of the system were visible to the driver. This

includes:

� the display

� the PTT button

� system loudspeakers for audio output of the system

� active loudspeakers for the output of the Text-To-

Speech (TTS) software

� an input microphone mounted at the ceiling of the

car.

The scenario inside the car is shown in �gure 2.

Purpose of the evaluation was to get feedback on the de-

veloped prototype in order to have valuable input for the

development of future generations of voice-driven informa-

tion and communication services within an automobile.

The tests performed were especially designed to get fur-

ther insight concerning the following issues:

� quality of speech input

� distraction from the main task, namely driving,

through interaction with the system

� usability of the system

� user acceptance

� learning e�ects

To this end the evaluation procedure was conducted as fol-

lows: the test persons were �rst introduced into the han-

dling of the car. They were then asked to perform a �rst

Figure 2: Evaluation Setup of the VODIS System.

test drive without using the VODIS system in order to get

familiar with the car, and also to establish a kind of refer-

ence pattern when not using the VODIS system. Following

this �rst ride, the subjects were introduced into the VODIS

system and a system evaluation was carried out. The tests

were conducted in the presence of a driving instructor and

a test supervisor. The task of the supervisor was to guide

through the experiment and give the necessary prompts

needed to conduct the evaluation. The driving instructor

accompanied the experiments to observe di�erent driving

behaviour between the two test drives and also to secure

the safe operation of the car.

During the experiments the test subjects were asked to ac-

complish simple as well as complex tasks. These included

typical operations for controlling driver information sys-

tems, such as activating and terminating main or subfunc-

tions (e.g. "Radio on/o�"), choosing an item out of a list

and verifying or { in case of error { correcting the selection

understood by the VODIS system. Examples for simple

tasks would be the alternation from one radio station to

another and the selection of a certain track on a speci�c

CD. As already demonstrated in section 2 the entry of a

navigation destination is a much more complex problem

and requires a longer dialogue between the user and the

VODIS system.

5. EVALUATION RESULTS

Analysis of the VODIS evaluation tests in German, En-

glish, French and Italian revealed similar results for the

four languages. When being interviewed about a tolerable

error rate of a speech recognition system, the chosen test

subjects agreed on a magnitude of 5-10%. Although this

performance could not be achieved by the speech recogni-

tion component of the VODIS demonstrator in a driving



vehicle, the test persons were still satis�ed with the over-

all performance of the tested system, and user acceptance

was very high. However, misrecognitions were judged to

be much worse when a wrong command was hypothesized

by the system, whereas rejection of the entered command

and the request to repeat the user input was felt to be

rather acceptable.

Concerning system guidance throughout the conversation

by means of intelligent and understandable dialogue strate-

gies, the users attached high importance to a exible and

consistent dialogue structure. The majority of test sub-

jects felt that an appropriate dialogue design is able to

assist a user in ful�lling his tasks. They also felt viusal

feedback important to give a fast feedback to the user.

In summary, the received results demonstrate that users

are able to learn and memorize command words within a

short period of time. They are able to operate the sys-

tem by voice even under stressful tra�c conditions. By

using voice control features, additional motoric and cogni-

tive load such as remembering the correct command word,

pressing the push-to-talk-button, speaking, or looking at

the display, is imposed on the driver. But, it was clearly

shown, that voice control has no signi�cant negative inu-

ence on tra�c safety.

However, from a technological point of view the in-car eval-

uation of the developed prototype has shown that the per-

formance of the speech recognizer in a noisy car environ-

ment is still not in accordance with the required quality

to ensure user acceptance. Also, for some applications it

was found that the dialogue structure and the interaction

between vocal feedback and display were not properly de-

signed, thus requiring some more optimization.

6. CONCLUSIONS

Speech has been readily accepted by the majority of the

test subjects while simultaneously criticizing the dialogue

progression for some tasks. Thus, an obvious direction

for future research is the concentration on extending com-

mand word-based speech input for driver assistance and

information systems to a more natural way of input that

might even allow entering spontaneous sentences [2]. Fo-

cused on speech recognition and synthesis technologies as

novel means of human-machine interaction in the vehicle,

VODIS has demonstrated the integration and evaluation

of a voice-controlled driver information system in several

languages. Its usability studies give valuable input for ac-

tual product development and future research on speech

technology in adverse environments.
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