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Speech recognition is an important area of research because it ollers an

improved form of hunran-machine rnteraction. The author discusses the

problems that neecl to Lre oveicorrie to builrj accurate speech recognition

systems.

SP*[CFI RECCIGfiIITISf\i 'l i {,ii}ii'i(ilx' nJry--Er

genoratc. By thc mid-191i0s, slreech
recognition proi:r;tn1t]1ers wcre
builcling or1 Ch,rmsky's ideas of
gramnratical strue tulr'. anci usirrg nrorc
powerful hardrvare tc) irnplement
statistical phonemr.-chain recogrrition
routincs. It ,w'as not ut.tiI thc ciramatic
increaso of proccssing po'wer of thc'

I980's and i99{l's that technologv
companies could scriouslv consi.ler the
possibilitv of speech recognition.
Furtltt r. nranv ul tlre rnajor ctrmparries

collaborated to crc.lte application-
programming stanclards. This
millcnnium has broueht a rvidc array
of nerr speech recor:nition products
and research areas.
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\ bc a chaiir'rrgrng iicici it,,
\tllrnr"rr.l'nr.. Ilre srrccessIui
speech recogtrizer is free fronr the
collstraints of speakers, vocalrul;rrit,s.
ambiguities and environrnent. A iirt of
efforts have been rnade ilr tlris
directiolr, but contplete accurac_y is still
fal Ironr reach. The tasL is not .ln r.lsl
r)nc due 1o 1|1p i111611lisci1,lirr,lr1 rr.rttrr..
of the probiem.

The recognition score rlegrades due
to significant variations in the r.vat,
different words of a,. lan5luage arc
pronounced by user-, ironr diflerent
regions and dialectal bi:ckgrolnris.
Also the variabilitl' oi the voicr:
characteristics frrrm one speaker to
another affects the recognitiorr
ac{rrrac) The trarrc,Juccr. q1rviyg116gpI

and reverberation are other {act!--rs.
This alticle reviews challenges to
automatic speech recognitjon, ir-hich
are r'najor concerns for scieltists.

Introduction
Speech Recogrrition got its first iump-
start in AT&T's Bell Labs ir-i 1936 ithen
researchels developed the first
electronjc speech sl,nthesizer. Aiter
more than three decades, Thr.:shold
Technology introduced. the fir-.t
commcrci.rl speech 1s6q-rEr..ii::

prodrrct in tirt c;rrlv 1970's - the VIP100

svstelrl. lVhile tire system performed
some speeclr recognition, it could only
rccognize a very limited number of
discrctt-rvords from a specific user.

'i'he prcblem u,ith these early
efforts r.r,as that they focused primarily
on tire end product of speech - the

words people \vere attempting to
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Automatic Speech Recognition
For decades, people have been
dreaming of an "intelligent machine"
which can master n.ltitral speech.

Automatic Speech Recogniticn (ASR)
is one subsvstem of this 'n'rachine', the
other subsr.stem being Speech

Understanding (SU). The goai of ASR

is to transcribe natural spcech N,hile
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TECHKNOW SPEECTI RECOGNITION

the goal of SU, is to understand the

meaning of transcription.
Automatic Speech Recognition

means different things to different
people. At one end of thc spectrum is

the voice-operated alarm clock which
ceases ringing rvhen the word 'stop' is

shouted at it, and at the other cnd is
the automatic dictating machine rvhich
produces a typed manuscript in
response to the human voice or the

expert system which provides answers

to spoken questions. A practical speech

recognizer falls somewhere hetween
these. two extremes.

Disciplines Involved in ASR
Automatic recognition of speech has

been a goal of research for more than
four decades. Its interdisciplinary
nature adds to the difficulty of
performing research in this area.

Tendency of most researchers is to
apply. a. monolithic approach to
individual problems.
o Signal Processing - The process of

extract:n8 relevant information
from the speech signal in ar-r

efficient and robust manner.
o Physics (acoustics) - The science of

understanding the relationship
between the physical speech signal
and physiological mechanisms (the

human vocal tract mechanism).
a Pattern Recognition - The set of

algorithms used to cluster data to
create one or more prototypical
patterns and to match a pair of
patterns.

a Communication & Information
Theory - The procedures for
estimating parameters of statistical
models; the methods for detecting
the presence of particular speech
patterns, the set of modern coding
and decoding algorithms.

o Linguistics - The relationship
between sounds (phonology),
words in a language (syrtax),
meaning of spoken words
(semantics), and sense derived
from meaning (pragmatics).

o I'hysiology - tJnderstanding the

higher order mechanisms within
tl're human central nervous system

that account for speech production

and pcrception in human beings.

o Computer Science - The studY of

ef ficient algorithms for

implernenting ASR in software or

lrardwarc.
o Psychology - The science of

understanding the factors that

enables a technologY to be used bY

human beings in Practical tasks.

Problems of ASR
Significant progress in ASR has been

achieved by increasing the awareness

of the problems of speech recognition

and the application of various

techniques to attemPt to solve these

problems.

A. Recognition Units

The first step in solving the recognition

problem is to decide which units to
recognize. Possible candidates are

words, syllables, diphones, phonemes

and distinctive features.
o The Words - The word is a basic

unit in speech recognition. The

meaning of an utterance can onlY

be deduced after the words of

which it is composed have becr.t

recognized. The word is so basic

that a whole class of sPeech

recognizers, discrete utterance or

isolated word recognizers has been

designed for the sole PurPose o{

identifying sPoken words'
I{owcver, these devices require

each word to be spoken in isolation;

this is not the waf in which

sentences are normallY Produced.
One of the problems of employing the

word as the recognition unit is the

nun'rber of words in the language. This

is of the order of 100,000. For

recognition to take Place some

rcpresentation of each word needs to

be stored. This implies ti'rat a large,

though not imPossible, amount oi
storage is required. Nevertheless there

are a number of domains of man-

machine interaction where the

vocabulary can be restricted to a much

smaller number of words. In these

situations the word is often employed

as the recognition unit.
Another problem encountered in

using words as the recognition unitsis
in determining where one word ends

and the next begins. There is often no

acoustic evidence of word boundaries.

In fact, in the Pronunciation of

continuous speech, co-articulation
effects take place across word

boundaries, altering the acoustic

manifestation of each word, and

obscuring the boundaries.

o The Syllables - Instead of using

words as the recognition units,

smaller unite such as the sYllable

may be consid.ered. The syllab'Ie is

attractive as it has a fixed struciure

It consists of an initial consonant or

consonant cluster, a medial vorvel

or diphthong, and a final consonant

or consonant cluster, CiVC1. The

vowel is obligatorY but the

consonants are oPtional. The

intensity of every consonant is less

than that of the vowels, so an

algorithm can be devised for
segmenting the speech stream into

At one end of the
speclrum is lhe voice-
operoted olorm clock
whlch ceoses dnging
when lhe word 'stop'
is shouted of il, ond

of the other end
is the outomolic

dicffiing mochin€
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TECI{KNOlV SPEECH RECOGNITION

syllables, Problcms arise, however,
with strings of consouants, as it is
often difficult to decide rvl'rether a

consonant is part of the final
consonant cluster of the last
syllable or part of the initial
consonant cluster of the next
syllable.

o The Demisyllables - A very
significant reduction in tire number
of units can be achieved by
employing demisyllables instead of
syllables. A demisyllable consists
of half a syllable, (rom the
beginning of the svllable to the
middle of the vowel, ClV-, or from
the middle of the vowel to the end
of the syllable, VC1. A svllable can
be segmented into demisyllables by
splitting it at the point of maximum
intensity.

o The Diphones - Another possible
recognition unit is the diphone.
These have been found useful as

the unit for speech synthesis but
the number required, 1000-2000, is
similar to that of demisyllables. The
problem of segmentation, deciding
where one ends and the next
begins, however, is much more
difficult with diphones than
demisyllables.

o The Phoneme - The other possible
recognition unit is the phoneme.
The advantage of the phoneme is
the small number (Appror. 40-60
phoneme). However, phonemes
have a number of contextual
variations known as allophones,
and there are some 100-200 of these.
Even so the small numbers
involved make the phoneme, or
phone, an attractive recognition
unit.

The problem with phoneme
recognition units is segmentation. Co-
articulation effects modify the acoustic
manifestation of each phoneme. Except
in certain cases where a voiced
phoneme is followed by a voiceless
one, or vice versa, it is impossible to
tell where one phoneme ends and the

There are a great number of {actors,

which cause variability in speech.

These include the speaker, the context,

the speaking rate, the environment
(extraneous sound and vibration) and

the transducer employed.
o The Speaker - The speech signal is

very dependent on the physical
characteristics of the speaker. The

size of the vocal tract increases

during childhood, and this gives

rise to different formant
f.equencies for the productions of
the same vowel at different ages.

The vocal tracts of men are, on

average, about 30% longer than
those of women. This again gives

rise to different formant
frequencies. Age and sex of the

speaker cause Sreat variations in
fundamental frequencies of speech

sounds.
People from different parts of the
country and different social and

econom.; backgrounds speak with
different dialects. This variability is

even greater with people speaking a
second language. The competence with

People from
diflerent ports

ol the country
ond dlfferent
soclol ond
economlc

bockgrounds
speok wllh

differenl diolects

\

next begins. rvhich it is spoken depends on the

motivation, intelligence, and

perceptual and motor skills of thc
speaker, and also on the age at which
the second language was learned.

Even the same speaker uttering the

same words on different occasions

shows some variability. When a person
first encounters a speech recognizer he

will be in an unfamiliar situation and

so will speak to it in a formal manner.

Hou'ever, it is on this occasion that the

machine will be trained to recognize

his voice. At subsequent meetings he

will be more relaxed, so he will address

the machine in a less formal manner.
This may cause the recognition
accuracy to decline.
r The Context - The production of

each word siili exhibits variability,
even when a familiar situation has

been reached. Co-articulation
effects cause each word to be

pronounced differently depending
upon context. The articulators
anticipate the beginning of the nexl
word whilst the end of the present

word is still being produced.
Words are also pronounced
differently depending on their
position in the sentence and their

degree of stress.

o The Speaking Rate - Another
source of variability is speaking

rate. The tempo of speech varier

widely depending upon thr
situatiorq the topic being discussed

and the emotional state of th,

speaker. Unfortunately th
duration of all sounds in. fas

speech is not r".ir.",
proportionally compared with thei

duration in slow speech. In fas

speech, pauses are eliminated an,

steady sounds, such as vowels, ar

compressed whilst the duration c

some consonants, remain almo:
constant.

The amplitu4e of speech signai
depends on the amount of vocal effo
employed and the distance of th

microphone {rom the mouth. The voc,

E-recemE&?mf IEEffiil
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effort affects the shape of the glottal
pulse, and thus the intensity and
frequency of the speech signal. The
distance between the microphone and
the mouth can vary with a hand-held
microphone, but can be kept
approximately constant by means of a

microphone on a boom attached to a
headset.
. The - -.'ironment - The

background sound in many
circumstances is an uncontrollable
variable. If this sound is constant
and always present, such as the
hum from the cooling fan in a

computer, the level can be
measured and its effect subtracted
from the speech signals. If the
background noise level is variable,

. it is important tha+ the signal' should be made as high ,, por"ibl".
This is usually achieve.r ,1, holding
the microphone close to the mouth,
and by using a ndirectional, noise_
canceling microphone.

r The Reverberation - The speech
signal may be distorted by
reverberation. As well as the direct
path from the mouth to the
microphone, there will be other
acoustic paths due to reflections
from objects such as walls and
furniture. These paths will be
Ionger than the direct path, and so
will add delayed and distorted
versions of the signal to the
original. Working in an anechoic
chamber could eliminate
reverberation, but this is not
usually practical. It should be noted
that the introduction of extra items
of equipment or the presence of
other bodies might distort the
signal.

o The Transducer - The transducer,
used for converting the acoustic
signal into an electrical signal may
introduce distortion. If the same
microphone is always used, this
will not cause variability. If
different microphones are iised,
however, as will be the case when a

speech recognizer is used via the
telephone system, the
characteristics of the different
microphones and their associated
transmission channels, will
introduce variability.

A further problem for a speech
recognizer is that of ambiguity. This
becomes important when the system is
required to perform some action as a

result of the signals, which it has
received.
o Homophones - There are a number

of words, which have different
spellings, and meanings, but which,
nevertheless, sound alike. For
example, consider the words 'to',
'too' and 'two'. In applications such
as a speech-driven word processor,
homophones present problems.
These problems cannot be resolved
at the acoustic or phonetic levels.
Recourse must be had to higher
levels of linguistic analysis.

vowel /a/ spoken by one person
may have identical formant
frequencies to a vowel /s/ spoken
by another.

o Syntactic Ambiguity - Even if the
phoneme sequence can be
recognized and correctly
segmented into words, there may
still be ambiguity of meaning until
all the words are grouped into
appropriate syntactic units.

o ltord boundaries - Another
problem of ambiguity concems the
location of word boundaries.
Occasionally a sequence of
phonemes occurs which has one
interpretation with the word
boundary inserted at one locatiory
and another meaning with it
inserted at another location. This
may involve shifting the boundary
by a single phoneme, such as

lgreiteip/ which may be
interpreted as 'grey tape' or 'great
ape', or it may mean moving the
word boundary by a whole syllable,

o Overlapping Classes - The first and
second formant frequencies (F1 &
F2) are able to identify most of
vowels. Though, if we plot a graph
of F1 versus F2 for a large number
of vowels spoken by a variety of
speakers, the points plotted do not
form separate areas. For e.g., the

for example /lalthauski2:/ may
mean 'light housekeeper' or
'lighthouse keeper'.

Classification of ASR Systems
Vocabulary Size Restdctions
o Small: 100-300 words
o Medium: 1000 words

Environment Type of Noise, Signol/Noise Rotio; Working Condilions

Tronsducer Microphone, Telephone

Chonnel Bond Amplitude; distorlion, echo

Speokers Speoker-dependence, speoker-independence; sex; oge;
physicol ond psychicol stote

Speech Styles
Voice Tone {quiet, normol, s

words, conlinuous speech, reod or sponloneous speech);
speed (slow, normol, fost)

produclion {isoloted

Yocobulory Chorocterislics of ovoiloble troining doto; specilic or
generic vocobulory

--lf,Elmffi,f
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. Large: 10k-50k words
Speaking Style Restrictions
o Isolated Word
o Connected Word
o Continudus Word
Speaker Dependence
r Speaker-dependent
o Speaker-adaptive
o Speaker-independent

(Closed-speaker)
o Speaker-independent

(Open-speaker)
Environment Dependence
o Studio
o Ordinary Room
o Noisy Room

The Future Challenges of ASR
Looking ahead, the ultimate challenge
for designers is to develop a system
that can match the ability o{ humans to
recognize languages. According to
Microsoft's Whisper project on speech
research, their goal is to "develop a

general purpose, speaker-independent
continuous speech recognition engine
that can recognize unrestricted text
and is effective for command and con-
trol, dictation, and conversational syst-
ems." While this ambitious goal appe-
ars lofty, it may not be that far away.

Future research will continue to

improve statistical models for
analyzing speech, not only by

improving mathematical algorithms
that adapt to the unique style of the

speaker, but also by better control of
the varying environments from which

speaker might use the application.
Researchers are expending a fair
amount of resources to strengthen the

underlying statistics behind their
language models. However, speech

recognition devices wiil never

proliferate the mainstream market

unless they are abie to offer better

control of outside noise (e.g. in an

office or in a car).

Conclusion
We have discussed the problems in
building accurate and robust speech

recognition systems. We categorize
these problems as recognition units
(phoneme, syllables, diphones etc.),

variability (speaker, context,
environment etc. ) and ambiguity
(homophones, word boundaries etc.).

The basic problem is the paradox that
speech consists of a continuous stream

of sound with no obvious
discontinuities at the boundaries
between the words, and yet speech is

perceived as a sequence of words. It is

almost impossiblc to prr.dict accuratcly

thc r.'rte of pr()grcss in i-rny scicntific
field. Ilowcvcr, bascd on tht' rate o[
progrcss ovcr tlrc past decade, it seems

rcasonablc to nrake sonlr: broad
projcctiorrs as to rvht'rc spcech
rccogttitiolt is headcd irr thc next
dccadc (Figure-l). pffi
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