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ABSTRACT

Speed reqognition is £ to be of grea benefit in on-board
ca navigation systems and assstance The cmmand word
approach will be used for applicaions in the nea future since
the small adive vocabulary and the hierarchicd structure is
much easier to cope with, from the developers' side. An
dternative gproach, using spontaneous speed input, is far
more awmplex but provides the user with an interfacethat is
very intuitive and has fewer restrictions. The user can rely
upon hisor her experiencein inter-human communication and
utter spontaneous queries. In this paper, we describe the
requirements and the wlledion of a continuous car speedh
data base and show first recognition results obtained under
different environmental conditionsin the ca.

Keywords. spontaneous speed reaognition, speed based car
navigation interface

1. INTRODUCTION

Speed remgnition technology in the ca has a number of
convincing advantages and first products have drealy
appeaed on the market. However, it is clea that speed
recogntion in the ca is a difficult task due to the noisy
environment. In the European projed VODIS [1] two
different approadches, namely the command word approach
and the spontaneous gpeed approach, were investigated.
VODIS ams to control not only the ca phone and audio
comporents like radio, but aso the navigation system.
Depending on the task one or the other approach is
appropriate [2]. A navigation demonstrator system that allows
sportaneously  uttered queries was developed by the
Interadive Systems Laboratories in Karlsruhe, Germany and
Pittsburgh, USA. In this sdion we review the two approaches
mentioned above axd show why it was necessary to colled a
continuous geed database in the ca to provide our
demonstrator system with a recognizer cgpable of processng
speedt recorded in the red car environment.

1.1. Limitations of the Command Word
Approach

Using spoken digits to da a phone number or seleding from
a persona phone diredory by just uttering the name, is an

appredable help and very much increases the safety in the ca.
The first speed based approach to include other control
functions like seleding the radio station, controlling the
CD/cas<ttte player, or entering destinationsin a ca navigation
system, is made by means of command words. Compared to
continuous Peed, the remgnition process is smpler and
requires fewer technicd resources. A set of commands can be
defined that matches the desired functiondity. With an
increasing number, one would typicdly arrange the
commands with a similar context, that is for example
controlling the same device within a hierarchicd structure.
This does not only reducethe size of the adive vocabulary but
can aso gve the user guidancein form of an adive command
word list in a small display. These hints are very important
since one can na exped the user to memorize dl the
commands nor to know which hierarchicd level is currently
adive.

Let us consider the following example: The driver is hungry
and is looking for a placeto ed. Eadh time he utters a
command the small display will provide anew list from which
he can choose. He steps through the menus of his navigation
deviceby using the foll owing command words:

“NAVIGATION"
“ENTERDESTINATION"
“OTHERDESTINATIONS'
“RESTAURANT”

“NATIONALITY
“ITALIAN"

“RESTRICTION”
“CLOSEST”

“SELECT DESTINATION"

Unlesshe is not very famili ar with the system and this ort of
query he might look at the possble doices on the display
ead time before uttering ore of the commands. Note that he
would never be ale to enter that kind of information while
driving without speed and that he does not need his hands for
a tadile interface His focus however is not on the road for
quite awhile. For queries with such a degree of complexity,
the command word approacd readies its limit. Besides being
awkward, it is questionable whether this use of speed
techndogy guarantees sfety in the ca. Nevertheless for the
nea future this peed driven approach can provide abasic
functionality and opens up rew possbilities for on-board
navigation and information systems.



1.2. The Spontaneous Speech Approach

In general, a short human conversation in the ca is nat
considered a dangerous distradion from traffic. Allowing a
variety of famili ar expressons for human machine interadion,
the user can easly access a wide range of functionality
without being distraded too much. Compared to the mommand
word approach, spontaneous geedt alows a far more user
friendly and faster input:

“Takeme to the nearest Italian restaurant!”

However, for the machine, it is much harder to recognize
continuous geed. In the ca, we even have to ded with
sportaneous speed since the user till concentrates on the
traffic which might result in fase starts, hestations, or
ungrammaticd sentences. Also, for the interpretation of the
query a natural language understanding component, that cen
process sich input, is necessary. The following example
ill ustrates the usefulnessof such an interface

User: “Where .. uh..How far isthe nearest post office?”
System: The neaest post officeis about 2 mil es from here!
User: “Okay, take me there’

To understand the last utterance, context information is also
needed. Due to the high complexity and the problems with
speedt recogrition under noisy conditions, it will take several
yeas until such systems are avail able on the market.

1.3. Towardsan On-board Navigation
Demonstrator for Spontaneous Speech

In [3] we described a first laboratory demonstrator for the
sportaneous speed approach alowing to enter spontaneous
navigation queries that are recognized, parsed and then replied
using a map dsplay. This demonstrator is using a recognizer
for clean spontaneous speed based on the Janus Recognition
Toadlkit. To run such asystem in the ca, we need a mntinuous
speet reagrizer that can cope with the alverse amndtions.

Since most studies are based on the mommand word approach,
huge dfort was made to colled command words, proper
names, conreded dgits and letter sequences in the ca
environment. In the MoTiV data clledion [4] also a limited
number of spontaneous queries were recorded but the main
goal wasto provide adatabase for command word recognizers
(seefor example [5]) and small vocabulary continuous gpeed
recognition, like digits and letters.

2. DATA COLLECTION

Our aim is to develop and evaluate a ontinuous car speedh
recognze and to study the efeds arising in this environment.
Due to the very limited amount of avail able mntinuous peedh
data recorded in a red ca environment, we performed our
own data mlledion. In this wdion, we describe the
requirements and the mlledion of a ca speed data base.

2.1. Requirements

Although we can exped that a spedfic user sitting in the ca
will spe&k a number of utterances © that the recognizer can
adapt, we have to provide aspeaker independent system in the
first place For the training of such a system, we need many
diff erent spedkers covering both genders, all ages, dialeds and
so forth. It is a'so necessary to cover different car types snce
they have a large influence on the recrded speedh. A
complete mverage would have surely extended the scope of
the projed so we mlleded 43 speers between ages 18 and
64 in threedifferent cars.

The ontent of the utterances was oriented on the
requirements of posshle gplicaions. One part consists of
sportaneous navigation queries. The amourt is relatively
small since such queries have to be transcribed manually.
Furthermore, the vocabulary and the resulting phonetic
context (polyphones) very much depend on the navigation
scenario. Therefore, the largest portion consists of real
newspaper articles which are eaily available and db not need
manual transcriptions. The vocabulary is sgnificantly larger
and, as a mnsequence, aso the polyphone wmverage. In order
to allow the recognition of proper names, we dso colleded
spoken aswell as gelled city and stree names.

For the study of environmental effeds in the ca, it was very
important to log the recording condtions as acarae &
posshble. A laptop alowed to verify the quality of the speeth
recording and to record the ewironmental conditions. After
ead reoording the @nditions were determined acwording to
table 1 and in speda situations (e.g. “indicator”), a predefined
comment was leded.

For the audio recordings we used the same microphones as for
part of the MoTiV colledion [4]. The room microphone AKG
C400 was instaled a the ca cdling just above the
windscreen. Simultaneously, we recrded the speedt with a
close-talking microphone Sennheiser HMD 410. The latter
ore is less affeded by noise and was also used for ealier
laboratory speed data olledions.

road type spead [km/h] road condition fan window wedher
engine off 0 normal off closed dry
city 0-30 tunnel low open drizze
federal or 30-60 gravel medium rain (wiper)
secondary road 60-90 cobble high wet road
highway 90-120

>120

Table 1: recording conditions




2.2. Database Statistics

According to the requirements, a first set of 10393 utterances
from 43 spedkers was recorded. It was colleded in 3 different
cas with two microphones at a sampling rate of 16 kHz. With
an average duration of 4.3 seomnds, the atire database
amourts to a total of 12% hours per channel. Most of the
utterances contain continuous geed and a smaller portion
covers isolated o spelled names. Table 2 gives the exad
number of utterances for different partitions and table 3 gives
statistics on uterance word, and vocabulary counts for
different categories.

' utterances per centage
Utterancestotal ! 10393 | 100 %
Set: | | |
Test 1385 | 133% |
Training 9008 ! 867% |
Gender: : : .
female 2384 | 229% |
male 8009 | 771% |
Car type: '
BMW 3 4654 | 448% |
Ford Escort | 2564 | 247% |
Honda Civic | 3175 | 305% |
Table 2: Utterance Statistic
category utterances words vocabulary
Dictation 6562 65511 12891 |
Navigation 582{ 4102 582!
spoken names 1330 1330 1077
spelled names i 13277 9350 33!
Commands 5 5920 592! 15

Table3: Word Statistic

For eadh utterance we dso logged the recording conditions
such as road type, road condition, speed, fan, window and
wedher. No restrictions were given concerning these items.
As an example figure 1 and 2 give a ideaof the road types
and the spedd distribution o the wlledion. Contrary to most
other conditions, the speed can be measured (is measured
anyway in the ca) and thus could be used as an additional
input feaure for the speed recognition process
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Figure 1: road types

3000
2500

£2000
(&)

81500
IS
£1000 -

500 1+

0 [1

0 0-30 30-60 60-90 90-120 >120 km/h

Figure 2: spead distribution

Additionally to the first set, we mlleded a second set with the
10 test spedkers uttering ead of 30 navigation queries under
12 dfferent controlled conditions giving a tota of 3600
utterances. The 12 conditions cover diff erent speed ranges, fan
settings and spedal cases such as indicaor, open window, and
accderation (see table 4). The queries cover not only
questions about any of 1715 streds from the German city of
Karlsruhe but also stree numbers, neighborhoods, points of
interests, and less pedfic questions like

“Where @an| drink a coffeehere?”.
3. RECOGNITION EXPERIMENTS

The mlleded database was used to train and evaluate aspeet
model for car speed (CarTrain). No data from one of the 10
test spedkers was used for training. Our clean speet
recognizer (LabTrain) trained on 30 hours of speed recorded
in a quiet office evironment was also tested for the diff erent
condtions to determine which aspeds cause a performance
degradation. Figure 3 shows word error rates over all
condtions for the two remgnizers. Note that for our
applicaion some arors are tolerable & long as they do rot
change the semantics of the input and lead to the desired
resporse. The two most frequent substitutions are “den” vs.
“dem” (both meaning “the” in English) and “zur” vs. “zum’
(both meaning “to the” in English). These caes do nd
degrade the overall performance of the navigation system.

Training and testing was done based on the JANUS-3 speed
recognition toolkit. After ssmpling the audio signal at 16 kHz
13 mel-frequency cepstral coefficients and their first and
seoond ader derivatives are omputed. A speed based
cepstral mean subtradion helps to enhance danne
robustness Finaly this input vedor is reduced by linea
discriminant analysis (LDA) into a 32 dimensional feaure
vedor. The aoustic model uses fully continuous mixture
Gausdan densities based on 2500 dedsion-tree dustered
context-dependent sub-phones. Both systems use the same
languege model and a 3k dctionary including all streds of
Karlsruhe.

Using the dean speed recognizer together with the dose
talking microphone results in a word error rate of 13.2% for
condtion 01. This condition is very similar to the office
environment sincethe engine and fan are turned off. Note that
the same microphone type was also used to record the training
data. This stup turned out to be robust for most conditions.



No. | condtion:
speed [knm/h] fan speda
01 0 off engine off
02 0 low indicator
03 25 low open window
04 0 high
05 0 medium
06 0 low
07 25 low
08 50 low
09 75 low
10 100 low
11 125 low
12 acceleration low

Table 4: Recording conditions of set 2.

Only for speeads over 75 km/h the eror rates increased to
values over 20%. For these conditions, we dso olserved a
greder loudnessof the uttered speet which indicates that the
Lombard effed also playsarole here.

For an on-board navigation system it is highly desirable to
have abuilt in microphone that is mounted in the ca cabin.
The database we olleded and described above provides us
with simultaneously recorded uterances over the head-
mourted close talking microphone and a ca-mourted room
microphone. This way, we can dredly compare remgnition
results on the two channels. From figure 3 one can see that
using the room microphone (car mic) with the dean speedh
recognizer leals to severe degradations of the reamgnition
performance. For the dean speed condition 01 we find an
error rate of 17.4% due to the microphone mismatch. For all
other conditions the performance losss are higher, espedaly
for ahigh fan setting and high speeds.

The ca speed recognize was trained with data recorded with
the room microphone under red driving conditions. This
training helped to improve the recognition results for most
condtions. For some of the nditions they even becane
comparable with the dose talking results. For others, like for a
high fan setting (condition 09, the aror rate is gill a alevel
of aimost 30%. The indicaor (condition 02 seams to affed
the recording o the room microphone and was also not well
compensated by the ca speed training. The dean condition
01 gvesthe worst results with 30.1%. Thisisavery rare cae
in our ca speet data base and thus a mismatch between
training and test environment.

In the future, we dam at improving the ca speed and the
clean speed remgrizer by nase reduction and adaptation
methods. We drealy observed fundamental differences
between the dfediveness of such methods for continuous
versus sngle word recognition.
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Figure 3: Word error rates of the two recognizers. The
clean speech recognizer (LabTrain) was tested with a close
talking microphone (close talk mic) and a room micro-
phone mounted in the car cabin (car mic). The car speech
recognizer (CarTrain) was only tested with the car-

mounted microphone.

4. SUMMARY

By providing a mntinuous speed database for car speed, we
could huild a spontaneous geed recognizer for a navigation
task in the ca. The results are mmparable to a dean speet
recgnze trained on a very large database of spontaneous
speedr and tested with the same type of close taking
microphone that was used to record the training data.

REFERENCES

[1] VODIS: “Advanced Speed Technologies for Voice
Operated Driver Information Systems’, EC Language
Engineaing Projea LE 1-2277.

VODIS-URL: http://id.irauka.de/VODIS

[2] D. Van Compernolle: “SPEECH RECOGNITION IN
THE CAR— From Phone Dialing to Car Navigation”,
Eurospeedt ' 97, pp 2431-2334, Rhodes, Greece 1997

[3] P. Geutner, M. Denecke, U. Meier, M. Westphd and
A. Waibel: “Conversational Speed Systems For On-
Board Car Navigation And Asdstance’, ICSLP '98,
Adeaide, Australia, 1998

[4] D. Langmann, H. Pfitzinger, T. Schneider, R.
Grudszus, A. Fischer, M. Westphal, T. Crull, U.
Jekosch: “CSDC — The MoTiV Car Speed Data
Colledion*, ICLRE '98

[5] A. Fischer and V. Stahl: “Subword Unit Based Sgeeth
Reaogrition In Car Environments’, ICASSP '98, pp
257-260, Sedtle, USA, 1998



