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ABSTRACT

Voice recognition systems are becoming increasingly widespread as

forms of data entry. One such use of speech input would be as an

aid to pilot communication in the cockpit. The Verbex Series 4000

Voice Recognizer (VVR) was chosen as the input channel for a

forthcoming flight simulation system. The VVR is a speaker

dependent unit with the ability to recognize continuous speech.

An additional feature of the VVR is its use of structured

grammars in defining the speech format. Tests were run to

determine the VVR's reliability, and also to investigate the

variations in performance for different grammar structures.
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1. INTRODUCTION

Speech input is becoming an increasingly widespread form of

data entry. This trend can be attributed to the fact that speech

is probably the most natural form of human-machine communication

currently available.

It has several advantages over conventional forms of data

input such as keyboard entry or operation of a control panel. It

needs little training, requiring only that the user confine his

speech to a previously defined format. It allows simultaneous

communication with humans and machines, and also permits a great

deal of mobility and freedom for the user to engage in other

activities. Speech also enjoys the distinction of being a human's

highest capacity mode of communication, which makes it a

particularly efficient alternative. It is unaffected by

weightlessness, darkness, high levels of acceleration, and

mechanical constraints, which renders it especially attractive

for aerospace applications.

Due to its form, speech input contains some inherent

limitations; for example, it is user dependent and sensitive to

levels of background noise. Over the last few decades however,

significant advances have been made in voice recognition

technology, resulting in sophisticated systems that circumvent or

even eliminate some of these problems. Voice recognition

capabilities have progressed from single word recognition, user

dependent systems, to extremely complex models that are user

-3
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independent,accept continuous speech, and use elements of

artificial intelligence theory in decoding the speech signal.

In view of the above factors, it was decided to employ a

voice recognition system as an aid to pilot communication in a

flight simulator. The model to be used is a Verbex Series 4000

Voice Recognizer (VVR). It is speaker dependent and so it

requires the user to train it with a specific vocabulary. The

speaker's voice patterns are stored on a solid state cartridge

and are subsequently used as templates for recognition. Two

additional features of the VVR are its ability to recognize

continuous speech (strings of words as opposed to single r

commands) and its use of structured grammars. Tests were

conducted to examine the VVR's viability fc- use in the cockpit,

to determine its reliability, and to investigate the differences

in performance for different grammar structures. The results of

these tests and a brief outline on the use of the VVR are

presented in the following report.
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2. METHOD OF USE

The procedure for using the Verbex Voice Recognizer can be

outlined in a few basic steps.

1) Define D A Translation TAble.

A grammar is a means of specifying the vocabulary to be used, and

the format in which it is to be accepted by the VVR. A

translation table defines the output messages sent to the

computer when the spoken commands are recognized. Both the

grammar and the translation table may be defined on the host

computer using a text editor.

2) Transfer JQCrrde

a) Creation of the 'Master' Cartridge

Software supplied with the VVR is used to transfer the grammar

and translation table to a solid state cartridge, thus creating a

Master. Only a single Master need be created for each intended

task.

b) Creation of the 'User' Cartridge

The VVR's training facilities enable the user to store the spoken

equivalent of the vocabulary on a cartridge, thus producing a

User. Any number of User cartridges may be created from a single

Master. The VVR also allows retraining, so that several training

sessions may be carried out to improve the voice templates.

(For more detailed information on use of the VVR see [13 and [4) i,
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3. EQUIPMENT

The VVR is supplied as a single basic unit and requires certain

additional peripherals for successful use. The extra equipment

needed consists of :-%

H 08.'.-

The VVR interfaces to this as an RS232-ASCII terminal, and

it requires no CPU, memory, etc. . The computer used in this

particular test was an IBM PC/XT.

2) An External TeriJa

This acts as a means of communication with the user; for example,

by prompting for speech input during training and recognition

sessions. The model employed for the test was an ADM-31 terminal.

These provide storage for the voice patterns and vocabulary

structures. They are usually supplied with the VVR, or may be

purchased from the manufacturer.

4) Vje . so-twar

Also required is the software used for transferring the grammars

to cartridge, backup of voice patterns, checking of cartridge

contents, etc. This too is supplied by the manufacturer.

7~1
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4. RELIABILITY TEST

This test measured the error rate of the VVR by monitoring the

number of misrecognitions and rejections obtained during one test

session. As low a rate as possible is desirable, and a persistent

error reading of over 5% should give cause for concern. The VVR

also permits the user to record several training sessions thus

producing updated more accurate templates of the voice patterns.

One would expect the reliability of the VVR to increase with the

degree of training it has undergone. Several training passes were

therefore carried out, and the trend in the error rate was

monitored.

The training session used was the one supplied by the VVR,

whereby when set to training mode it prompts the user to repeat

specific phrases. These phrases simulate continuous speech by

placing each word in the context of several other vocabulary

words. The testing was carried out by setting the VVR to its -.

recognition mode and having the subject read twice through a list

of fifty phrases. lncorrect recognitions and rejections were

noted manua-ly.

The vocabulary used was a modified form of the one used in

an earlier voice recognition test I]. It provides a realistic

approximation to one that could be used with the VVR in its

capacity as an input to a flight simulator.

See Table 1 and Figure 1 for results of the test, and Appendix 1

for the grammar structure used.
6
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As can be seen from Table 1, for most subjects the error rate

showed a downward trend or remained constant as additional

training was performed. In four out of five cases it had dropped

below 5% after only two passes. The somewhat unexpected results

of Subject 5 can be attributed to a greater degree of background

noise than was present in the other cases.

The error values for some subjects remained more or less the

same over several training passes, and this may be due to optimum

recognition for that grammar being achieved after only one

training session.

It was also noted that some subjects had problems with

particular words, repeatedly obtaining rejections or

misrecognitions from the VVh. This situation may be improved by

using a feature of the VVR that allows retraining of single

woras. Once the troublesome areas have been isolated, they may be

given a greater degree of training than the rest of the

vocabulary.

An overall view of the reliability results indicates that

the VVR is a viable alternative as a data entry unit, provided

that a sufficient amount of training has been carried out.

. . . ..-
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BELIAB1LUT li2,U RESULTS~

Misrecognitions Rejections Overall Errc
( ) ( ,) ( )

1 4 0 4
2 3 1 4
3 3 0 3

2 1 0 1
2 1 0 1
3 1 0 1

3 5 1 6.-.

2 2 2 4
3 2 1 3

4 3 3 6
2 3 2 5
3 0 3 3

5I 7 0 7
2 13 0 13
3 14 0 14
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5. TEST ON STRUCTURED AND UNSTRUCTURED GRAMMARS

This test was run to explore the grammar definition capabilities

of the VVR. A grammar may be defined with a rigid format

(Appendix 1 Structured grammar), so that the VVR accepts only .- *

specific sequences of a set of words. Grammars may also be

unstructured (Appendix 2 Unstructured grammar), when all

combinations of the set of words are recognized. The former would

seem to be the more reliable, for it is only allowed to accept

certain combinations of words and is therefore less error prone.

The latter, by being open to all combinations of words is more

4P likely to misrecognize some of them. The unstructured grammar is,

however, the more flexible of the two, for it allows a greater

variety of commands to be given (due to the increased number of

combinations it permits). It is also easier to use, as it does

not require the speaker to remember exact sequences of words.

A test was therefore performed to monitor the relative

reliabilities of the two grammars, and to investigate whether

additional training could reduce the error rate of the

unstructured version to acceptable levels. A single subject was

used to test both the grammars under conditions similar to those

of the previous reliability test. The same test list of fifty

phrases was used, and retraining passes were performed until the

reliabilities of both grammars reached comparable and acceptable

levels. See Table 2 and Figure 2 for results and Appendices 1 and

2 for the grammars.

10
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DiscUssion 9. R esult s

Initially, the error rates yielded by the unstructured grammar

are seen to be significantly larger than those from the

structured one. They do, however, display a downward trend as

additional training is performed, yielding a value of well under

5after seven passes.

It was also observed whilst conducting the test, that the

response times obtained for the unstructured grammar were

noticeably longer than those for the structured version (up to

twice as long). This characteristic is to be expected, as a

result of the increased number of vocabulary combinations

presented to the VVR by the unstructured grammar.

It was concluded that if the magnitudes of the response

times are acceptable, and if the user is prepared to perform the

required number of training passes so as to significantly lower

the error rate, then the unstructured grammar is a viable

alternative to the structured one. 1hus the flexibility of the

former is gained, whilst the reliability of the latter is

retained...

Initally theerro raes yelde by he nstrcturd grmma

are een o b sigifiantl larer han hos froth

struture one Thy do howver dislay donwar.treda

addiiona trinin isperfrme, yildin a alueof ellnde

* 5~ fter even asses

itwsasoosredwis codcig.h etta h

respnsetime obaind fo th unsrucure gramarwer

* otcebl onerthn hsefo testucurd esin upt



STRUCTURED v. UNSTRUCTURED GRAMMARS
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Fig. 2 -Reliability performance or the VVR for different grammar

structures
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- EL SUCUR.ED, .,. UNSTRUCTURED GRAfNUS.

TRAINN PASSES ,ERROR. RAT E S

Misrecognitions Rejections Overall Error

I4 0 4
3 14

3 3 0
4 30 3
5 0J

Rslsfrom Unstructured Grammar 3:

MR REJ MR REJ MR REJ MR REJ Ero

1 17 2 13 7 13 4 14.3 4.3 1.7
2 18 0 16 1 13 2 15.7 3.0 16.7
3 10 3 30 1 9 1 9.7 1.7 11.3
4 6 2 9 2 5 1 6.7 1.7 6.3

5 6 0 6 1 5 1 5.7 0.7 6.3.'-6 2 2 2 2 3 0 2.3 1.3 3.7

7 1 0 2 0 0 0 1.0 0.0 1.0

MR Misrecognitions REJ Rejections
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SUHMAR,

The results of the reliability tests as well as the overall

performance of the VVR indicate that it is suitable for such

typical tasks as input to a flight simulator. Its response,

however, varies with speakers, and some may be required to train

it to a greater degree than others. The speed of the VVR's

response changes according to the complexity of the grammar C'

structure being tested. The impact of this characteristic should

be taken into consideration if the VVR is to be used in a real

time simulation.lt was also noted that a structured grammar

needed less training than an unstructured one to achieve the same

reliability. The latter, however, may be preferred for its

greater flexibility, and with sufficient training the error rates

can be reduced to acceptable levels.

134

S-•°°

i , .- . - . - . - . - . - • - . .-. • .. .. . .



APPENDIX 1

This is an example of the format that a vocabulary takes when the
grammar is structured.

over
wake-up
go-sleep
number .DIGIT @1,5
turn .OPTION
heading .DIRN
execute command .DIGIT
change •FACTOR .DIGIT @1,4
altitude .MOTION .DIGIT @1,3 •VAL
• OUT
:erase
:abort

.DIGIT zero
one
two
three
four
five
six
seven
eight
nine
point

.OPTION right
left
on .I
oft .i..

.DIRN northward
southward
eastward
westward

.FACTOR frequency
airspeed

.MOTION climbto
descendto
hold

.VAL = thousand
hundred

.OUT exit
quit

1J4
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APPENDIX 2

Unstr'uctured Ama

The grammar listed below will perf orm the same task as the one
listed previously. This, however, is an exampic of a flexible or
unstructured format.

.WORDS @1,6

.LIST @1,6
0 :erase

abort

.WORDS =execute

command
number

* change
altitude
zero
one
two
three

* four
five
six
sev en
eight
nine
point
frequency
airspeed
ol imbto
descendto *

hold
* thousand

hundred

.LIST ov er
wake-up
go-sleep

* turn
heading
on
off
l e ft
right

* northward
southward
eastward
westward
exit
quit

0%
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