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I. RESEARCH OVERVIEWS 

A. PERSPECTIVES IN SPEECH RESEARCH* 

G. Fant 

Abstract 

This article describes trends in the developnt of research 
objectives in speech cormrunication. The dichotamy of systems develop- 
ment and evaluation versus studies of basic principles and mechanisms 
is outlined. The trend of further specialization is paralleled by 
an interdisciplinary integration of theory, methodology, and re- 
search objectives. Linguistics and phonetics beccane increasingly I 
important for the theoretical foundation. Problems in speech pro- 
duction, vocal tract theory, speech analysis, and speech perception 
are reviewed. It is concluded that a true advance of systems for 
man-machine speech ccmunication systems, i.e., voice input/output 

I 
has to rely on a mre profound insight in the camrmnication proces- 
ses. The technological barrier in terms of processing efficiency 1 
and costs has been overcm so that very large and camplex systems 
may be materialized at a reasonable cost. The bottleneck lies in 
our still incomplete understanding of the speech code. i 

I - 
Introduction 1 

The subject of this paper "Perspectives in speech research" 

is challenging in many ways. I usually do not give lectures on 

such general. topics, so this is a departure from my general pat- 

tern of speaking about very particular problems. Anyhm - after 
34 years of speech research I have gathered some perspectives and 

I accept the challenge. My first concern is that this must be a 

very personal and subjective undertaking. 

Speech research covers a large area of activities in ccarmu- 

nication engineering, linguistics and phonetics, psychology and 

physiology, dical sciences, and special education. 

In the last 40 hears we have experienced a steady gruwth of 

this interdisciplinary area. There are two trends which are appa- 

rent. One is specialization; the other is integration of concepts, 

dels, methodology, instrumentation, and even of research objec- 

tives. Same groups are working in applied areas, others are in- 

volved in mre basic research. On the other hand, w e  may formulate 

* This paper is a lecture presented at the International Symposium 
on Speech held at Tata Institute of Fundamental Research, Etmby, 
India, July 23-26, 1980. 



objectives of systems development and evaluation; on the other hand, 

w have the study of the basic principles and mechanisms of speech 

camunication, the search for codes relating message units on a 

linguistic level t o  any definable level of speech production, the 

speech wave, and speech perception. 

The dichotomy between applied and basic research overlaps t o  

a large extent that of systems developent versus studies of encoding 

mechanisms. Speech research a t  the d i c a l  faculties is largely ap- 

plied focusing on pathology and how w11 a human being performs in a t 

comunication task. I have in  mind defective speech, hearing loss 

language disturbances, and so on. 

On the other hand, many of these applications deal with defects 

i n  specific mechanism of speech production and perception which need 

t o  be analyzed and understood w i t h  the background of basic theory. 

Specilization becomes empty and stagnates without the influx of 

concepts and knowledge f r m  a broader field. 

The speech field cwers a large number of specialities and the 

extent to which these w i l l  f lurish depends on how w11 the channels 

of scientific cmunication are developed. It is my hope that the 
I 

many branches of act ivi t ies in medical practise, rehabilitation, and 

special education w i l l  be brought out of their  isolation. 

The same holds for cmunication engineering groups. Advanced 

mrk i n  speech recognition and speech synthesis has  been given new 

potentiality by the enomus developrtxmts in  computer technology 

and microelectronics but the real bottleneck lies in the still in- 

complete insight in  human functions and language. We need to  in- I 
i 

vest much m r e  in  basic research. 

Interdisciplinary trends 

Research groups differ  much with respect t o  their  profile. 

Often there is a mixture of applied and m r e  basic research as in  

my institution in Stockholm. The need for m r e  f u n d m t a l  know- 

ledge often grows out of a specific demand or application. My mrk  

on speech analysis performed a t  the Ericsson Telephone Cc~npany in  

1945-1948 grew out of the needs of m r e  efficient  use of speech 

channels. How is the spectral energy of speech distributed and 

which speech sounds muld be disturbed by r m v i n g  narrow spectral 

bands? 
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The Haskins Laboratories' mrk grew out of projects on aids 

for the blind. They probably have contributed mre to the under- 

standing of speech than any other institution. One should not con- 

fuse this acccmrplisht with values of their basic issues, which, 

from an engineer's point of view, tend to be somewhat philosophical, 

as so often happens in psychology and linguistics. Issues such 
I 

as mtor theory of speech perception or the specilization of audi- 

tory functions to handle speech are academic stimulants typical of 

humanities. I have been an adict myself in cooperating with lin- 

guists to develop theories concerning the basic constituents of 

language. I am referring to the mrk of Jakobson, Fant, & Halle on 

distinctive features. 

Which faculty have w? to approach in order to find out essen- 

tials of speech comnunication theory? The main work appears to be 

undertaken by linguists, phoneticians, psychologists, and camnu- 

nication engineers. We have experienced a real integration of ac- 

tivities in this field. Today there exist many phonetics or lin- 

guistics departmnts around the world that have an engineering 

staff and advanced technical resources for analyses and syntheses 

and studies of speech production and perception. This new orienta- 
l 

tion within humanities requires an understanding of basic principles 

of signal analysis and other aspects of ccmnunication theory. As 

an example I could mention that the professors of phonetics in 

Stockholm and Uppsala, Bjom Lindblm and Sven Ohman, both cane 

from the humanities faculty but have spent 12 years as research 

associates in my department at the Royal Institute of Technology. 

Lindblom and I now have parallel set-ups of camputer facilities 

and c m n  postgratuate seminars. I employ his phoneticians for 

expsrimmtal work and he recruits engineering specialists from me. 

Objectives and visions 
I 

Let's go back to our research objectives, expectations, and 

visions. 

What are our ultimate goals? Man-machine speech comnunication 

is in a stage of break through but haw far can we come in a fully 
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automized society? (1 )  Is the dream of a perfect speech automatic 

recognition typewriter anything else but an il lusion? (2) C a n  

speech synthesis f r m  orthography ever reach a level of acceptance 

close to that of d i rec t  recording and play-back? (3) Can we ever 

hope to  radically change the isolation of the blind, deaf, and speech 

handicapped? 

We may f i r s t  of a l l  question whether we real ly want t o  replace 

humans by ccanputers that speak and understand. Is t h i s  not an in- 

human development? Why should w e  provide the blind with book read- 

ing machines, when they might do better w i t h  the help of a friendly 

person who reads for  them? Here technology has t o  adjust to the 

particular needs. 

Today millions of people are straining the i r  eyes and attention 

t o  read data from computer terminals. In a not too distant  future 

they might be able t o  benefit f r m  an added speech output for  trans- 

lat ing any text t o  synthetic speech. Text information services 

over the TV o r  the telephone is one such application. Not only 

the blind wuld  benefit but also anybody who wishes t o  be free of 

focusing the i r  attention to a screen. But f i r s t  we must improve 

on the quality of synthetic speech. I am referring to the quite gen- 

e r a l  synthesis-by-rule. There is no shortcut here wer the lengthy 

path-way of improving our knowledge of spoken language, speech pro- 

duction, and speech prception.  

Speech synthesis aids are now coming in to  use for  non-speaking 

handicapped persons. W e  have rewarding experience of such systems 

developed i n  my department. However, we wuld  l ike  to improve on 

both general acceptance and the possibi l i ty  to tune a synthesizer to 

match specific voices, and to  enable the user to express h i s  perso- 

nal at t i tudes by a manipulation of prosody-controls. 

The advance of speech recognition requires the same insight 

in the speech code a s  needed for  synthesis by rule and, in addition, 

a mre profiound insight i n  dialectal  variations and personal speak- 

ing habits. I f  cormrunication engineers approached the area of 
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linguistics, phonetics, and psychology with the same eagerness of 

learning as  that  of some non-engineers experimntalists, we muld 

be better off .  However, this is not a matter of learning only. 

The hard mrk lies in the discovery of structure and rules which 

have never been formulated. S o m t  of my colleagues in Stockholm 

are specializing in  that field. 

In the technologically limited area of speech processing 

there has been a real  break through by the advance of microelec- 

tronics and speech coding devices. Speech signals can be digitally 

coded a t  a rate of 16 kbit preserving high quality acceptable t o  

telephone subscribers. Data reduction systems, as  vocoders of 

various types, allow useful cmunication a t  bitrates of 2400 b/s 

or  lower but with degraded quality. Many public information sys- 

tems with limited vocabulary can ut i l ize  fixed vocabulary storage 

and concatenation of mrds. 

The Texas Instruments Speech and Spell rel ies on such techni- 

ques with LPC-based data reduction. Talking dictionaries is a re- 

lated product. In the future we w i l l  experience a large ncnnber of 

gadgets and aids i n  our homes, offices, and automobiles which pro- 

vide some simple form of audioresponse. But th i s  is a technique far  

simpler than synthesis by rule. The speech field is beginning t o  

becanae attractive to large ccarrpanies i n  electronics. 

I shall now a t t e q t  an overview of the advance of m r e  basic 

research - the area I have labelled mechanisms and codes. 

The s m c h  chain 

W e  have a l l  been exposed t o  models of speech ccmnunication 

in  block diagram form with several successive stages in both the 

production - speaker part and in the perception - receiver part. 

By doing so we create the fiction that w really know something 

about the mechanisms involved and the transformations required 

to translate data f m  one stage to the next. This is a t  least  

a research objective. 



Examples of such internal mechanisms are the relations be- 

twen  vocal t r a c t  cavity shapes and the spectrum shapes of cor- 

responding sounds. Another would be the peripheral mechanisms 

of hearing which are f a i r l y  vie11 understood i f  m l i m i t  ourselves 

to  cochlear mchanisms only. 

In the center of the block diagram is the speech wave. The 

farther away from the speech wave we look i n  the block diagram, 

the less b e c m s  our insight in the mechanisms. Our knowledge 

about brain functions is still rather speculative. 

The basic purpose of the speech chain is to describe how 

speech messages are encoded. I am referring t o  the search for  the 

speech code or ,  in other mrds ,  to  the phonetic code, relat ing 

l inguist ic  uni ts  to the speech events. How do w e  produce the signal 

structure, that is, the pattern of ac t iv i t i e s  in any shape of the 

system given a specific message spoken in a specific language by 

a specific speaker with a specific d ia lec t  and anatomical con- 

s t ra in ts ,  i n  a specific situation, and i n  a specific &? These 

are, of course, the ultimate aims of speech research. 

It pays to adopt a dual perspective of the speech chain, 

on . t h e  one hand, the biological and physiological mechanisms 

within each stage and, on the other hand, the code relat ing an 

external message to ac t iv i t i e s  in each of the stages. Given a 

knowledge of the code relat ing message units t o  a specific stage, 

we may reconstruct the code for  a related stage from a knowledge 

of the internal encoding mechanisms. 

It is easier  to  make general s t a t w n t s  about the system 

than t o  provide exact de ta i l  descriptions. One general issue 

is that of causality. 
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The nature and timing of right-to-left carryover effects and 

left-to-right anticipatory coarticulation should be studied in 

greater detail. When do w allow an articulator to start moving 

towards a following target? Is it when the articulator is free 

to mve and does not impede the overall pattern? If so, how early? 

In short, huw great is the asyrranetry of coarticulation in various 

contexts, and to what extent are articulatory components traditionally 

assigned to one phonm segmnt synchronized? What are the general 

rules for synchronizing phonatory and articulatory states? 

Vocal tract theory 

My own research in speech production is limited to the peri- 

pheral stages. During the last ten years w have improved vocal 

tract transmission line analogs to take into account losses at all I 
parts of the system and the effects of the non-rigidness of vocal 

cavity walls. There has also accumulated saw? knowledge of the 

subglottal system and the glottis impedance, which I will return 

to later. 
I 

Our d e l s  are not perfect but this is more a matter of lack- 

ing insight in actual vocal tract dimensions than in netmrk model- / 
ling. We lack data on consonantal articulations of various types, 

e.g., laterals and nasals. Our insights in the anatomical differ- 

ences between males and females are not very deep. Almost all of 

our synthesizers are scaled after a male prototype. 

It would be a considerable gain in experimental techniques if 

it =re possible to extract reliable vocal tract area functions frcm 

speech wave processing. During the last ten years an impressive 

munt of wrk has been directed towards the developent of such 

''inverse" or "reverse" transforms, but I do not feel that these 

methods have reached a sufficiently high degree of accuracy. What 

w may derive with these mthods is merely "quasi-area functions" 

that fail to preserve correct absolute scaling of dimensions, and 

occasionally are subject to large errors, e.g., in terms of over- 

all length which is turn generates ccPnpensatory shifts in area func- 

tion shapes. 
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Nasal coupling and consonants introduce additional ambiguities 

basically related t o  the limitations of the LPC-based mathematical 

methods. Transmission line @els provide better prediction results 

since real  losses and coupling effects may be taken into account. 

H a e v e r ,  the actual distribution of losses and vocal w a l l  ktpdance 

within the t rac t  cchnplicates the analysis and impairs the unique- 

ness i f  not sufficiently we11 kncwn. 

Source-filter problems 

One difficulty is that the events within a glottal  period are 

not stationary due t o  the time-variable glottal  impedance. 

W e  have a general problem of separating source and f i l t e r  char- 

acterist ics which affect speech analysis and synthesis strategies. 

In the glottal  open phase, the glottal  + subglottal bpedances are 

a part of the f i l t e r  system and the source defined as  the flow of 

a i r  passing the vocal cords is affected by both sub- and supra- 

glottal  systems. In a mll-developed voice there is a period of 

cchnplete glot ta l  closure and formants are excited a t  the instant of 

the vocal cords reaching contact i n  the closing phase. In the follow- 

ing, open phase formants are generally damped and a t  a higher 

rate than in the glot ta l  closed part. It is not always possible to  

find a glottal  closed phase within a voice cycle. SCXE voices are 

leaking and breathy, due t o  incomplete closure. 

A developing area of speech analysis is  devoted t o  the human 

voice source including problems of descriptions of glottal  flow 

wavefom, the dynamics of this wavefom, and of the excitation 

efficiency. I w i l l  return to  th i s  area later .  

Speech perception 

In my view, m knOw less about speech perception than about 

speech production. A variety of block diagrams have been proposed, 

more or less imaginative and influenced by personal interests in 

specific aspects of perception. Some schems have been projections 

of linguistic structures enploying a sequence of stages from sound 

shapes t o  phonemes, syllables, words, and sentences. Others have 
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stressed the active caponent of prediction, e.g., the anticipa- 

tion, confinnation, and rejections of an internally produced mes- 

sage. 

This is what engineers enrolled in speech recognition ca l l  

the top-down process interacting w i t h  the b t tm  up activity of 

auditory mre peripheral analysis. The Haskins Laboratories' Motor 

Theory of Speech Perception may be interpreted as  such an interac- 

tion between predictions and auditory sensory flow. Where they meet 

or  rather h m  low down in  the auditory system such interaction takes 

place is a matter of discussion. 

Another issue of the Haskins Laboratories is that the auditory 

system is especially adopted to handle speech. This is also un- 

disputable a t  a higher level where language learning has entered 

but is it also true of basic discriminations of speech cues? There 

appears to be conflicting evidence. W e  shall probably hear m r e  

about th i s  f m  Prof. Alvin Liberman. 

Scane of our mrk in Sweden directed towards the commication 

abil i ty of hard of hearing people has stressed the crucial role 
I 

of language mermry and language processins. When a t  old age we I 

find difficulties in following a conversation, it is usually mre 

the deficiency of central processing than the peripheral hearing 

loss which is disturbing. This has also to do with the abil i ty to 

localize voices and commicate in the presence of noise. Subtle 

functions of binaural fusion are probably lost.  

Our lack of understanding these processes may be illustrated 

by the following t m  spectrograms of a sentence spoken in a re- 

verberent lecture roam. One microphone was placed close to the 

l ips  and another in the middle of the roam. The effect of roam 

acoustics on the spectrographic pattern is dramatic. How does the 

auditory system cope with the masking in order t o  resolve the 

dynamics of voice fundamental frequency and formant structure? 

Later I shall return to theories of auditory analysis of 

sound shapes and saw experiments have made. A main finding 





is that the perceptual importance of physical sound characteristics 

is very much dependent of whether w l i s t en  i n  the speech mode o r  

not. 

This brings me to the more pract ical  expectations which a 

comnunication engineer w i l l  have on speech perception research. 

We wuld  l ike  to build speech analysis systems tha t  incorporate 

knowledge of auditory analysis. Is t h i s  a t  a l l  feasable considering 

our notion tha t  perception is a processing i n  para l le l  over many 

dimnsions? Perhaps we can model some of the peripheral auditory 

functions. Important w r k  in  t h i s  direction is going on a t  the 

Pavlov Ins t i tu te  of Physiology in Leningrad under Prof. Luchilla 

Chistovich and i n  Grenoble, France w i t h  Prof. Rene Carr6. 

The phonetic code 

Let's have a closer view of the analysis of the phonetic code, 

that is, the relation betwen message units  and speech events a s  

it has developed in l a s t  40 years. 

The naive view of speech is tha t  we produce a sequence of 

discrete successive sounds, each corresponding t o  a l e t t e r  o r  cam- 

bination of letters in the alphabet. With a less naive definition 

of message units,  t h i s  basic notion amounts t o  an expectation of 

finding one quasi-stationary speech segment for  each phoneme. Al -  

though this is ahmst  the case for  many fr icat ives,  the general 

situation is, as  w a l l  know, a many-to-one relation i n  either 

direction from phonemes t o  speech wave events. Acoustic segmenta- 

t ion may involve arbi trary decisions. To quote K.N. Stevens: "The 

t ru th  about segmentation is tha t  you - cannot." 

Instead of discrete pattern breaks, ~ 1 3  are often faced with 

continuous variations. Another extreme formulation of the d i l m  of 

speech analysis comes f r m  Charles Hockett in 1958: "Imagine the 

phonemes as  a succession of eggs ordered in  a row. Next crush 

them against a moving belt and the resultant mess is the speech 

wave. " There are, howver , interesting attempts being made a t  

present t o  bring order in to  t h i s  mess using analysis-by-synthesis 

methods to derive underlying articulatory comnands. 





One main point of this excursion is tha t  the durations and time 

constants involved in the dynamics of speech production do not al-  

ways have simple counterparts in perception and that t h i s  is one of 

the many arguments for  further m r k  on the dynamics of speech per- 

ception. 

In sp i t e  of our insight into the highly dynamic characteristics 

of speech, we still phrase our concepts of invariants i n  mre o r  less 

s t a t i c  terminology. When discussing discrete message units  and ar- 

ticulatory targets,  we may, l ike  K.N. Stevens, restrict ourselves t o  

ensembles of possible discrete states, but i f  we want t o  describe 

the speech events and the mechanisms of perception, we must tackle 

the dynamic aspects. Do the static aspects have greater psycholog- 

i c a l  r ea l i ty  than the dynamic aspects? 

This is a kind of challenge: t o  push further into still very 

much unknown te r r i tory  of perception o r  t o  re t rea t  back to a study 

of production models and be content with a view that perception is 

just the inverse of production - a search for  equivalent mtor cam- 

mands . 
I f  the purpose of our analysis is not to explain perception but 

simply to describe the phonetic code a t  the level of the speech 

wave, the problem is more managable but still complex. It requires 

the willingness to real ly get acquainted w i t h  speech wave pat tems and 

build up a reference data bank ordered with a l inguist ic  frame. Fk 

cannot rely on simple models that concentrate on -1s and transi- 

t ional  F, F2 F3-variations only. The parameters we choose shal l  be 

suited to describe essent ials  of production and be adopted to per- 

ceptual c r i t e r i a .  The analysis should be capable of deriving rules  

of invariance related t o  both phonemic identity,  phonetic simila- 

r i t y ,  and speaker identity. There remains much t o  do in order t o  

gain understanding of variabi l i ty  with respect to sex, age, and 

dialect.  We also have much to learn about what constitutes a good 

voice and a good rec i ta l .  This is a &in close to that of music 

acoustics, including the study of the singing voice. 




