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ABSTRACT 

Automatic Speech Recognition (ASR) is becoming a standard in nowadays cars. 
However, ASR in cars is usually restricted to activities not directly influencing 
the driving process. Thus, the voice controlled functions can rather be classified 
as comfort functions, e.g. controlling the air condition, the navigation and 
entertainment system or even the mobile phone of the driver. Obviously this 
usage of an ASR system could be extended in two directions: On the one side, 
the speech recognition system could be used to control secondary functions in 
the car like lights, windscreen wipers or windows. On the other side, the 
comfort functions could be enriched by utilizing services like weather inquiries, 
SMS dictation or online traffic information. Compared to todays these 
extensions require a different approach than the one employed today. 
Controlling secondary functions in the car by voice demands the usage of a very 
reliable, real–time, local ASR. At the same time a large vocabulary ASR system 
is required for comfort functions like dictation of messages. In this paper, we 
describe our efforts towards a hybrid speech recognition system to control 
secondary functions in the car. We also provide an extended comfort 
functionality to the driver. The hybrid speech recognition system contains a fast, 
grammar-based, embedded recognizer and a remote, server-based, LM-based, 
large vocabulary ASR system. We will analyse different aspects of such a 
design and the integration of it into a car. The main focus of the paper will be on 
maximizing the reliability of the embedded recognizer and designing an 
algorithm for switching dynamically between the embedded recognizer and the 
server-based ASR system. 
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INTRODUCTION 

Automatic speech recognition (ASR) [1] is becoming more and more common 
in todays cars [2]. The used ASR systems can be classified in two distinct 
classes: On the one hand there are integrated ASR systems, which control basic 
comfort functions like air conditioning, radio, or navigation system, e.g. to enter 
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the address. On the other hand, todays upper class cars are utilizing speech 
recognition system running on a server which is accessed through the Internet. 
This 

Allows for more complex tasks, e.g. supporting inquiries for weather or traffic 
information. Irrespective of the used ASR technology, in general the set of 
controlled in–car devices and functions does not expand to the secondary 
functions (e.g. lights or windscreen wipers). The driver can reach those without 
having to stop focusing on the driving process itself. Pressing a switch is in 
general, faster and more natural than to use a spoken command for such a task. 
However, controlling comfort functions is a more complicated process. 
Complex tasks like music selection require a significant amount of the driver’s 
attention. Therefore, the driver benefits from controlling these functions by 
voice. In cases where the driver has to use a joystick instead of a steering wheel, 
e.g. due to a disability, controlling the secondary functions takes significant 
additional effort. Therefore, it makes sense to expand the voice control to 
include the secondary functions as well. The requirements for controlling 
secondary and comfort functions differ: On one hand a reliable, real–time 
speech recognition system with a safety model for incorrectly recognized 
commands is required for secondary functionalities. On the other hand 
controlling the comfort functions by voice, does not require real–time speech 
recognition. Also, a mis-recognized comfort function does not directly influence 
safety. In this paper we describe our effort towards the implementation of a 
hybrid ASR system.  

A real–time, grammar–based embedded recognizer is used to recognize 
secondary functions commands directly in the car. A large vocabulary, LM–
based recognizer connected via the Internet is used for advanced comfort 
functionality. We investigate different methods for dynamically switch between 
those recognizers, which is an important step towards reaching the 
aforementioned goals. Remaining parts of the paper are organized as follows: In 
Section 2 we define secondary and comfort functions of a car. In Section 3 we 
describe the design of the two different ASR systems used for in–car speech 
recognition. Section 4 describes experiments used to evaluate the in–car speech 
recognition. In Section 5 a brief summary is provided. 

 

HYBRID SPEECH RECOGNITION 

Because of the different requirements for the aforementioned in–car functions, it 
is difficult to use a single ASR system. For the secondary and basic comfort 
functions it is necessary to use a real–time local ASR system with very high 
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recognition accuracy. This is achieved by a small vocabulary grammar–based 
system directly integrated into the car. The advanced comfort functions often 
require a large vocabulary, but do not require as high accuracy and low latency 
as ASR for the secondary functions. We are using a LM–based recognition 
server accessed through the Internet to provide this functionality. Finally, we 
designed a system which dynamically switches between the two recognition 
systems to provide a uniform interface to the user. In the literature the term 
Hybrid Speech Recognition is used to describe a combination of HMM and 
ANN-based recognizers. In this paper however, we use it to refer to the 
combination of a grammar–based, real–time recognizer with a server–based, 
large vocabulary recognizer. Speech Recognition. 

For the recognition accuracy test we created two different grammars. The first 
grammar is covering only the long forms of the commands and was designed to 
be used only with the first 10 test sentences recorded by each speaker. The 
second grammar is covering all commands for the secondary functions. The 
second one was used for all recorded commands to examine whether the error 
rate is getting worse with bigger command variety in the recognition grammar 
as expected. However, more important than the speech recognition accuracy is 
the accuracy of the actions triggered by the voice command. Even an incorrectly 
recognized command can trigger the correct action. Therefore we examined 
action accuracy as well as recognition accuracy. In Table 1 the results for the 
sentence accuracy and the action accuracy obtained on the test set are shown. 
From the speech recognition point of view the most important results are the 
sentence accuracy (SA) and sentence error rate (SER). It is difficult to decide 
which combination of grammar and set of commands to use based on these 
results alone. In the quiet environment the short form commands with the full 
grammar give the best accuracy, whereas in the noisy environments the long 
forms with the reduced grammars give the best results. Taking the action 
accuracy (AA) and more importantly the action error rate (AER) into account, 
Table 1 gives a better indication which is the safest grammar and commands 
combination. The smallest AER and biggest AA are 

With trigger word Without trigger word Quiet environmentReduced grammar 
36 % 59 % Full grammar 42 % 60 %Noisy environmentReduced grammar 42 % 
46 % Full grammar 42 % 61 %( Maximal sentence confidence score for the 
comfort function commands with the secondary function grammars.) 

Always achieving using the long form of commands. Whether the grammar 
should also contain the short forms is subject to practical testing we plan to do 
in the future. The table shows also the average sentence confidence scores2. We 
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did not take into account the confidence score during the evaluation. However, 
using also such an information is an option how to further eliminate incorrect 
actions caused by an incorrect recognition result. On the other side the result 
rejection based on the confidence score will decreased the action accuracy. The 
number of commands from the recognition test with confidence score below 
50% was 5. In 4 of these 5 cases the recognition was incorrect. Therefore, if we 
used a minimum sentence confidence score for the secondary functions of 50%, 
it would further reduce SER or AER but AA as well. 

SPEECH RECOGNIZER SELECTION 

The recognizer selection tests included all three approaches described in Section 
3.3. For the confidence score approach we re–used the grammars used for the 
tests in Section 4.1. With those grammars we tried to recognize the recorded 
commands aimed at the comfort functions. Of course the recognizer produced a 
recognition result containing a sentence from the grammar. But now the 
sentence confidence score is taken into account as well. Therefore, we examined 
the maximum score a sentence for a comfort function would gain, which are 
listed in Table 2. Comparing these values with the sentence confidence scores 
reported in Table 1, in all cases we observe a satisfactory difference. The lowest 
confidence scores were achieved for commands containing a trigger word. The 
best result was achieved with the combination of using such a trigger word and 
the grammar containing only the long forms. For the garbage–based 
experiments, we modified the recognition grammar to include also an out of 
grammar (OOG) model. In the experiment with garbage preceded by a trigger 
word a command “<Trigger word> OOG;” was added. In the other experiment 
just the command “OOG;” was added. We were observing2 Confidence score of 
a particular recognizer was scaled into to the range 0 to 100. 

How many times the result “OOG” appeared among the recognized commands 
for secondary functions and how many times “OOG” did not appear among the 
comfort functions commands. Table 3 shows how often “OOG” was returned 
when feeding secondary function commands into the speech recognition engine. 
We did the experiment with and without the trigger word “Komfortfunktion” 
which is not part of the remaining grammar. The results indicate, that for a 
reliable separation of secondary and comfort functions, the usage of some kind 
of trigger word is necessary. In the following experiment we used the grammar 
containing the trigger word and used the comfort function commands as input 
for the recognizer. In nearly all cases (98% in quiet, 100% in noisy 
environment) the recognizer returned the “OOG” indicator. In case of the 
comfort functions the error rate, i.e. cases in which the output should be “OOG” 
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but was not, is more important than the accuracy. A comfort function command 
which is accepted by a secondary function grammar could trigger an unwanted 
action on the secondary functionality in the car. The error rate measured in quiet 
and noisy environment was 0%. Consequently, the results are confirming the 
previous indication, that the usage of an adequate trigger word is a reliable way 
to determine which recognizer to use. 

CONCLUSION 

In this paper we described various aspects of the development of an in–car 
speech recognition application for disabled drivers. We analysed the usage 
options for disabled drivers and identified possible risks that need to be 
minimized. First experiments indicate the feasibility of our approach, but also 
unveiled the need for further work and massive testing in a real–life 
environment in order to maximize safety of the driver. The speech recognition 
accuracy in this case is only of secondary importance. 
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