
STANFORD ARTIFICIAL  INTELLIGENCELABORATORY '. '
MEMOAIM-

STAN-CS -73-385 s

RECOGNITIONOFCONTINUOUS  SPEECH
SEGMENTATION  AND CLASSIFICATION  US

SIGNATURETABLEADAPTATION

..

ING

BY

R. B. THOSAR

SUPPORTED BY

ADVANCED RESEARCH  PROJECTS AGENCY
'ARPA ORDER NO. 457

SEPTEMBER  1973

COMPUTER SCIENCE DEPARTMENT

School of Humanities  and Sciences
STANFORD  UN IVERS ITY



STANFORD ARTIFICIAL INTELLIGENCE LABORAl.'ORY
Ml$fO NO. Am-213

COMPUTER SCIENCE DEPARTMENT
REPORT ~0. cs-385

RECOGNITION OF CONTINUOUS SPEECH:
SEGMENTATION AND CLASSIFICATION USING SIGNATURE TABLE ADAPTATION

R. B. Thosar

i

c--

c

Abstract: This report explores the possibility of using a set of
features for segmentation and recognition of continuous
speech. The features are not necessarily "distinctive"
or minimal, in the sense that they do not divide the phonemes
into mutually exclusive subsets, and can have high redundancy.
This concept of feature can thus avoid apriori biding between
the phoneme categories to be recognized and the set of features
defined in a particular system.

An adaptive technique is used to find the probability of the
presence of a feature.
of other features.

Each feature is treated independently
An unknown utterance is thus represented

by a feature graph with associated probabilities. It is
hoped that such a representation would be valuable for a
hypthoesize-test paradigm as opposed to one which operates on
a linear symbolic input.
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4eCOgnftiOn  Of i;ontin;Jous ';jJGer,h; ~e9mentation and C
%Wature T;zqi~l Adaptation,

Dj

R,B,Tnosar

A very
speech-Lnjerstandind

study

I assifi.cat‘fon Using

into the T)roSlarns
syst%ns  we been reported by Neweli  at, a

of
.613.

Theq  COGS i Jer a variety of tzslc and speaker d8aendant
for

recjyirWWiMZ3
such a wsteq, In the past two 3/8arh

SpWvih-understand  f n-j
saveral  models ior

systeprls af\d-  ths; r imDlenentaions have been
rePortedC2,3,43, These 7oilels  view the Weech-tinderstanding  oroc8ss
in its totality: the use of all the knowletige, roughly catagorTzdd as
the acoustirss, syntai and Semant ics  of the language (or soeakerl and
the specific task under consideration,

This report  does not concern itself with a total syst8me It
dea I s ki‘th the representatim7 9roblem in the acoustfc domain,
igasoement  of the iaS& but ~G’chout ioOsi,nil sight of the fact that
even:ual ly it ‘;lU  s t fp?cf int3, and get feed-back from a aeneral
natural hngua33 underst5n~li n\S system.

Ne deslra 8 reoressntaykn  of soeech signal w h i c h  7s  in scme
Sense 0pt;num for subsequent analysis: sa.v syllabif!cat!on using
iJh~~QlOgica1  constraints  in first instance which in turn may b8 used
as i npLJt (with errors) to an interaotlve natura I language
uwbc3tandin7  systey,

Tm reorese?t&oq  Sou.]:?t  iq !!JT in term of a Ifnear strinq
of Sy~bols(Dho~emic/oho:~9~ic or wen sub-phonetic>,  but in terms of
“featur@s” Wl7iCh  a r e  n0~-autuallv-axciJSive. rhs reotese~tatlon is
t h u s  a  featue “grasbtl In 1>/3ich  the f e a t u r e s  O v e r l a p  and the ovsr/aDS
EirF? not cowtrained by- a cro-defi  ned WlationshiD between the
fVWW%,

This regres$ntat  i 0’1 Is ftivored  desDite  the otwious comclexitv
because  we feeI $7~3;  it Is u~realisfic  t o 3xDect seGmsnSs  of the
siSr,al t o fall into n;cer ciaar-cut; Phonetic or Sub-Wmnetic  slots
\vh”,r:  the h Icy, ::cmte~~ sensftivits  of not only the transitfona)  sounds
3 iccjids %n,” Gl ides [51 but .;I50  the ralativelv  stat i o n a r y  towels 163
and fr&,tivas  [7] is known to exist, This is true for 6
spea*er,  sjr, dherl  y~;i~l icity

sincjle
of spe;tkars is considered the situation

is nuch ~+ror~,  Furtq:, '.dt!  are stil I far a b! 8.y from Using anOth8t
sourc3 nf Itnr,dJ(eti;‘;e: tq? inter-shongmk  ddnamfcs  introduced oy the
articUlaCOTy constraintS  .2f t t1 9 voca I mectmn i sin? wh i.cp are no t
“fk?r,;inOar?t”, at least for flu:;lar!  sPeec;h  PerceDtion,



This arj[>roach ;s rpl rtad t o the hyperohonene clusterfnn
suQpstea b y AStrahan[Ej  bdt diffsrs in one crucial asoect, The Bet
of hypetphones are ;yutually excltisive  snd hence result irj linear,
Cop-overlh9plnb  SBGUenCe of 5ellnlnnts, The model described b; Rabddy[Z]
uses a rrora general two-level  segmentatim w h e r e  voiced/unvoTced

frlcate6/non-fricated
ond

diC?Oto~y disambiguats  first  l@val clusteffns
Simjlar to kstratiaws, However we use a
ffjatQr8

generalized
featWe

concept OQ
wbre the

b3beWrg,
set is used both for 980mentat;on" and

Thus we do not consjder segmentaticn and classiflcatSon
as to distinct Steps in the reco$ni,tion Process,

Th i S COnC9ot  Of feature r7esessarily i T29ses another
corcWOn, It can not te 9 diChotomOus  decision whether a feature 'is
3resent  o r absent, The aresewe  of a feature is associated with a
confidence  figure:
specif fc

the urOMbil;ty  of that feawre  being D?esent when
inr\ut  3iZr;al js -jiven, Thus if the value of probability is

sigrificqrt  IIT P, relative ser7ss then  it is Qresent7’, O r  if it fs
higher than a oFDosing fe-;t?lre  (as recluested  by syntax, sav) then we
nay Say Ch'3t the fe&ps is ;‘r3sBilt,

t-
I 1 $j 6’ cf an adaptive classifier is not essentfal  t o tt7;s

i

i

L

apGrOaCp, per 56, +~wPVP~ i t does free one from making 'rlar7.v  a ad hoc
aecisior w h e n  LUi Idjrlg h Cia.5slfier, ~1s~ it has a clear advantage in
an @vOlving SY33tf?T, tie need not make aorjori d8CiSions  as to the
speaker invari;rnce  cf tkt 2araneters  measured of the Set of f csatures
adopted in an hplpfjnt?tion, Cieaf!y t h e r e  is an umber  I:mit t0 the
range sgeakar ti"cZEngent Vari~tioW :1 classifier would tolerate, An
adapt  iVe S y 5 t P ibt can bit! moui fie;j to fleet th8S8 variations without
Q.iOr chances In the decision  r?etnodology,

1~ view elf above discussion a set of general requirements for
3 recoWit!on system may bt! sun,wdzed  as fOj lows,

1.1 It iS "Ootential ly" caDable of extracting al I the
infofmatiw COntR;red i? the signal, Stationary as weil a s
scn~stationary,Co~text indeDQndef?t  aS dell as context daOen$entAths
co-arVc~iatlo~  StU,?ifjs: ?hq!arlf;), show that the two d;chotom!es are
not Pezessariiy  identical),

e.

2) The symbolic infor7Mlon that is extractsd, e’i thef as
Sir\Q/6 f~dXr~-~rOprty~  o r coflbinations th8r0Offt must have a
conf iderCe level aSsOC;ate,l  3ith it, TMs seems necessclry to cut down
the con-binetor!cs thotigh not essential ConcePtually,  because ami
C~jiTp!8t~i  systerq wou16 event;ufilly recover froq an error,

3) It sp:OulG  b8 caaabi~  of yenerating  an estimate as t0 a
4Jvf!n pieC8 of Shnal 9aV  i r1c.J certain voperty: a verfffcation
CaRgOi li+,y as OPP0Secl  tc 1, :bwer W+en the C o n t e x t  (at any l8v6l  in
the acoust i c- sk/::taCt  i C--jerTant  i C soup) has high expectation 0) x
h!hO y, tJut the aCcLstfc input interprets it differently,
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and 41 It ~houla  b e  ;xdautive,

The three req&eve!lts  above are rjrobablv satisfvable  by mast
aooustic systems, Put LGheh  w e consider the fact that a speech
comnun~caticn S,LsteP would be nest useful Gen ft accspI3 manv
speawrs, sorle  form of speaker  adaptation8 sreferably not startina
frorr scratch fcr each newcorller,  seems desirable,

L

.

L
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In the fo} Iawjng SeCtiOPS we outline a system whfch satisfies
above requirenents, The Ijresent system exists more as a l00sel.v
OrggfiiZed  coilec~ion  of pro?cjra.ns, The stress has been on showing the
feaslbllity rather than dorking towards a COmputationalIY  efficjent
and hence Sasicallb’  rigid code, The P6Xt section is devoted to the
aesctiPtion  of the general suecifications, c a p a b i l i t i e s  and the built
in constraints  Of the existing wograms, The f0llOwfng section
djScl;sSes the feafjOj=jlnc! behina the choice o f the sub-Phone&
elements  and their associated distinctive features, Eidedments
berformed USiPSl  b set of sentences provided by the ARP4 data base
which  demonstrats  thrJ capabi IitieS of the system are gfven In the
fast section,

Li Syster; Specifications
------w-II--I"cI--cIc

This Section s a 17 ril a r i z e s the specifications and the
c~nsti-aints  operative on the current sj/stem, H o w e v e r ,  at several
r?iaces WJC! pofnt o& t.h? generalit:! and extendebi  Iity of the system,
where ever it vay net be OtviOtis from the very broad view taken in
the !ntroductio,T,

1) The hcoustic input is sa~~r,~r'c!  at W KHz, The parametric
spaca i 'L; crehtelj  ty C&hj 256 sari2 le FFTs 'vJhich are overlapped 1 2 8
S;arples, l.5 pkr8Tetery  (fomarltz at-d such) are e x t r a c t e d from each
FFf, SW+. I e< ard CUantiZed to 6-bits, Table 1 desorlbes  the set O+
oarsmeters, Far detai  les se;!  C9L Thus the only acoustic Tnformatron
rpteineo is the crdererl set of :Q-dimensional  vectors,  each taken
every Qt msec,

T h e s e  Laranet.ers  are r:ot trje "best5 nor are they sufficient.
? i t 5 h i nforqation and Pitch synchronous analysis would provide
bettdr  , ;: fwre consiTten%  set tif p a r a m e t e r s , The inverse fi IterSnn
teCh~iClt?[lflJ Or 3.3 ecijiV3lbn +, one would provide much better formant
information as compar~f  to the simpl? peak-picking used at present.
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2; T h o :;yStem iro@ratsY in a stati0nar.v world, No attempt has
beer: mace %r! extrzct information front  the non-stationary Darts of the
siGlnal :lifeCtly cly ffi)rl the r9~cecli  Daranetric  representation  in J,)
above, The knouled2
the

e cf what to look for is fairly extensjve- from
speech synzhesis, perception  and analysis experiments fncludjna

the CO*articulation 2.nalysls.
the n~cess I ty 9f

The mctin Problem of where to look, t,e,
auriori

feed-back from Chz first
s;JgilWdXthm  IS more or k3SS Obviated  by

order segmentation: the
wesente~~  j n

Pf imary results
this uaoer.

"classffica~lorP box
The rl!ain reason for this lack 1s that the

u s a c,l in this system is
nrobab!(istic,

bashal iu
trainable classifier at-&hence needs a large SamDIe t:

DroGUce reltable restilts, it is an ORen question
C{asSifisr ~~OU1d  suffice

whether a sfmoler

the
at tnk stag9  in the r9cognit:on  ;9pocess or

very 'a i g h context-scrl3itivnoss would make a
decisior! n3rt;)  httractiv9,

Drobab:listfc

3 ; T h (3 adaptpti?? D?OCBSS iS totally suRervised. Each
trajnjlli] SWlDt~ is jRbC?teCl  as one of a set of
WLL QOf

Dhones(wh;ch
non-stationary

includes
&nd undecidable  sectfonsl, A phone however,

is u%d h3 13 convenient 4~51 t;o jsflne a set of distinctive
the

features
aqd li3gui:it ic-ohon0tic conotations  o f the symbol used tb
reDrWer?t 2. I? I ! 0 il e are 7lDre  of A convenience than
concaptllal

having at7.v
relation,

that ehn Wth~': +,:y
CJ~ QVVjenCe so for encourages us to beligvs
2xfeWive  Syntactic support, it wou}rJ be

to
fww

t)r>Ot,?tt%p ZPq syste?l, at least for a single speaker ior ali the
featUtes and for higi7er level fez&Ares (eg which decide between the
Set o f  c FW:T 'J(.W:i..s)  for multl~ie speakers, The second tactor may b e
trota  important i.7 a lattlsr8 ~ovstationary environment where the
speaker habi+srsuch c?s naSalizing certain vowels
conteuts) ~?A:I he

in stiecf+ic
ctuckl even wltb all the

support,
syntactfc, semantfc

4i A 1 I c,he anal&~ sfv.mn  h the results has been obtahed  by
PrOCeSSin  thF3 inout i7 Strir.tly left to right fashion a n d  with a set
Of confirfmce  ii~i+,s  on each feature being pre-defined,  The mu{tti/e
sets of r9sLJlts  on thg SQTl7e sentence d?monStrat09  the fact the system
cf:n alSo be used in cr.;?  “veri ftcatiorV node where the Probrbiihy  (in
the *orsC case the aprIor{) of a feature being present ;n a
fe(3icn  of tha Input

soeoiilc
Can hf3 at3tract~~ from the system,

Ca would like to stress at the outset that the eoecff ic set
of Phonas I hiturss d rl lj t%,Sles described further on are not
nard wir3+L It-W3 ?:7e 3rogfa3S  rlor in our ninds, The programs used tb
CTQ$3J l9i=3Pt-l d7cl intsrur  +;P the signature table set u6 described
Qgrein nrt! aavf~lo~e!-;  for exploratory research and hence are vt3r.v
aeneral,
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Tab 13 2 Jives  the list of tifiones  a n d  the featurss  assOeia*,ed
With th8!7, Tbie 7hgnes are ;lef  ined wtth the stationaritv of the
classification Process jrl :lirld, (we a d a p t  t o tmut over a long range
learning  SSSSiOq, but for i7terprota2iOn  of a Specific input t h e
Cl;isSifif3r OJoe~  IOT d:dnamicnlly  ildapt),

Thus most of the c~~n~;lUe~ts  (voweis,fricativas  etc,> Which
are inherently stationary xppear  wit+ unaltered phonemic label. The
nasals sho'+J a fairly consistent formant  Structure OV8r the closure
i nterva I thoilgh r,hev  tend to die out in amplitude
nasals are included

i n time, '30 the
thotliiih v1ey a r e  n o t  s t a t i o n a r y  in t h e  s i g n a l

BrOcaSsinJ  Tense,

The Sltdes  (6,~) and their fricat8d CoUnterParts (v,zi are
incll;daG mstiy fcr v-t@ seqnerlt3tiOn  purPose3: W@ would lik8 to
locate the sections of tne signal that sire weaksr than vowel!5 but
stronger tnan Wiced StO35, The liquids  (Itr) are SOmeWhat  more
stationary, in sone soecif ic wctirr8nc9S(they  ar8 Und8niabl.v context
s~nsftb3) and tqere is a fair chance that t h e y m i g h t  b e
sesMnted(lJq3ed  w i t ?  31 ik?3 aI73 7aSdiS)  anzi aiS !8nd th8lr(s@(V89  tb
ClasGfication  for those  occ:Jrrences,

The StOPS, afff  ic?teS a n d JipthonrJs are CombTnatlonS  of
chones  and ??nca  do not apPe%r  at al I t The voiced stop QZPS are
defined a s  VS, The wrsts, PaTticUlarly  the stronglv  asDbat8d
(D,trk) canVt be sce&nlly  distinguished (remember, ~8 are fn w 6,4

_ fmec cross-sectifm) fro-1 their fticativ8 cognates (fJs#sh)r but are

inclUd8d  to Take tne iqPlani;ed  l e a r n i n g  labeled  informatIon  a t ftti8
closer t o a Phonetic  transcrfDtion,  To r e p e a t ,  a  p h o n e  merely  m a k e s
tt easier tQ jtifige a set of features or a bundle of features8 so to
say, hok?v8r, thq feature  set i s  more lmnortant  f o r  b o t h  segmentat]on
a n d  classification,

>k I “ihough  th e f e a t u r e s  %r3 c l e a r l y  "bound"  a s  a hfsrarchy b.v
the ClefinitiOn  of Phones (ti?erQ  is no Nay to define a nasajized Vowel
i n the preSe?t  set except try addition of extra Symbols), the i8ature
leacrl: iS Treated inde22nJently of others during the jnterDret?ve
ohwe, Thus eVt2n  if the s:eTem wtis rlsvcar shown a nasalized  vowelp the
feature NASAL Tay Snow iJII; i n  pv-all81  w i t h  a  VI)i4EL  ( i f  n a s a l i z a t i o n
i s  iRaved wwrCCr  iate I:! arid is s t r o n g enough in the sm3ciitc
na5aliZef-j vowel) or can De VsrifieV u s i n g  a  l o w e r  conffde?ce level
fnterpreTatlon  for th8  sep?snt i f  denanaed  b y  o t h e r  c o n s f d e r a t f o n s .

%OW conSij8r  the set of features in this table, The features
VOISEDC FPIL SW? and WIFRI ape intended for obtainino  a
Drf?"fimlpary SeYmentatToq: based '39 energy consfderattons jr-i the
spectrqr,  7hq.t they are not- mut;i;zlly  exclusive ia clear from the fact
t4'3t  "VS" tqe WJic3d star,  tS included with " s I " ) which indicates
stc~-wps a.qd  Si l~ncg, T71S avoides  confusion between Strong  VOicjne
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and wear* voicing, A cleansr set :night be obtained by measuring one
rare Dafam3%9r,  thg ~itc?, if it can 08 reliably obtafned for voiced
Stop& or by PoStponinq the I-lecision  until after the voiced&n-voiced
nature o f the
f e a t u r e  VOIFGI,

STJ" found ptjst be resolved, The same aDDlies Lo the

The voiced category of sounds IS the mo$t Prolific in sPsech.
TM features VOi,iEL,
SlJDgivide  vi3

bjASGLI(for  nasal or glide) and NASAL are, Usad to
voised strechw of speech,

spectral
again with no regard to the

dsta f I * T :7 c3 fB~ture NASAL
YMSatiZatiOn,

i s  suor>osad to dstect

L t?~;t this feaWrs is adapted to nasal stops what@ there
iS n0 oral outout, For nasallzsd vowels and other sounds, the nasal
Dole-zero Po=;ition a?d cthar nasalization effects(FantClj,J)  depend on
he ofal shage an$ t32 daJree of WXS~I cou~linq, As we shal I indicate
later, cur results do show overlf;ip between \/&/EL and
sets8

NASAL ieature
iq u t i t

RaSaliQf and nc;t
is difficult to assert that the feature 1s deteotjnq
m:efsly r%Pondin~ tg a weakened vowel,

Tab!e 3 shows the 3drticular oaramaters  used to detect above
feawfes, It S?i$~~]d  be "rq%sd t h a t only the amplitude Parameters are
UseG UD to this zgiqt,
VafiatlGn

TM rp?.son is tnat for these broarj classes the
drld/Of  Stat  ;onar  i  t y

thar, the ffeauPncy DeaLIs,
iQ tWfM of energies iS more ffnooftant

T~JS  if we w e r e  t o  u s e  f o r m a t
d e t e c t  a  VOllrCL thg

poslt:on  to

At best it
rararwter  'rJoul,j cover most of its ranse of values,

'4 0 u j rJ v0duce a uniform distribution
noWna or,

and contribute
r!Ore  I i;<ely, it; lrJou}d add noise by creating c l u s t e r s  iFor

-the VWdS Jith cidh freausncy  gf occurrence and th e r e b y
VGNEL  feXtUfP for @tberg,

weaken the

The three fe~~tures FRCJT, Y!E and BACK attempt t0 divide the
freauency  ratlgt! in three rebio?s, The choice of three i s
due to traditional

arhiari  1.v
ths elsssif  icstion and that in

cotra~n ths thrw vokdep /i/,/a
the- ireQuen0.v

/ anlJ /u/ form three extfema, tiowetver,
311r resciits 2 i 0 I& [nor9 cQ'?f  Us 1 On De”bween the MJD and EUC!(, probably
he to the vwc?} s tl ;1 and the 5clwa  AS, It may be
bp3F$K-l$

advantaoeous t o
tnc! "f I ~I-~il~K sst into three,

de 1 i l?8att'?  tpr;
Thus having four features  tb

VOiCSd So~mjS. Again, as ;Je are not
~uk~Ulpexclusive  sax of-features,

looking for a

are fOUfr, as both Cl!!2 hqd '>AC,;(,
it does no harq tf certain sounds

little mre
MIy further intefpretatfon  becomes a

Ir’,ifficUjt,

Thp febt:irgS F/F),  s/T a w l SWK a r e  i m p l i e d  b y  th’fer names, It
Sy,OkS tb?t in tha Oresent stationary classification state, we
yt

could
OistintJUt Sk! 3ntween t h 9 frication in the burst iron the

CCrresPcrJdi?g  ffiCat:v5,

i V!G and STEAy' arc(-1 feawres intended for ClaSS;fiCatiCn  9+ a
Specific voke I, b Iso, tPleso are tile OntY non-redundant features as
their absjsnca carr izs the sa,;le infw~~~ation  as their presence. in the
resuits aiVen  i-1 rqis re3crt the% CO not figure wominentiy for two



pain reasons: 1) they ranas over all the vol~els and hence woulc hW%
oad dis:ribution in the freouenr;;l domain and 2) the total “learning’f
for these features is n e c e s s a r i l y small In comparison with cehst
feU3Jres, These features hnve hen i n c l u d e d  a s  a n  atd t o  f u r t h e r
ProcfGSing, Thus ft would L, 3 more meaningful tc e3rocesS  a n
“aVefa%cP VOW8 i vector after initial segmentation to giver mbre
rellablc estimate of LONG WM STLADY faatures,

it30 *;heOretjcal founaation and certain \mplenentat~on  details
reilardlrp the siwature t a b  I8 dzp:at i on ars &h3n fn [123, The
hierarchy of tables (Table 3) $ienerates a probabilfty surface In t h e
input pararratsr wh2e vJ~~ici7 is conditional to the learnt feature.
Thus, the table called by ;;nemonic label VOICED has as its output

where AVE,tiPF  a n d  LPE a r e  t h e  Input carameters,The  t w o  ;qputs AYE  and
IApE. ar& repbated it the e;trli;tst stage (tab18 \/O:l>  in craer to have
explicit, fivs Vari2k,l$ sp3ice, the saw3 as f o r other features tfL!a.
,GAsCLI), Thee rppeate1 irlijuts are clenrly redundant for this feature
ana ara incluaed to av;_lfd  scdh’:; mcblems  that arise as a result of
having Jnequal number of inputs. T%S is true particularly when the
amount of IeZrning infof9ation is scanty in ComParfson wfth the Sk9
of the feature Space, 2r(3*5),32!~ in this c a s e , .

II  B L’i S9
to ffwj the postiriori probability of a feature F

given th,5 Specific input vactor X,

PWlx) = P(XIF)+P(F)/P(X) c21

where P(F) is tne ;I.criori  probQllity cf the feature F ant P(X) IS
th:? unconditional 2roSabilitY of X , I n  t h e  p r e s e n t  system ~(FI fs
c0rpJtea using only t h e i~fori~Qt10tl aouired during the learninq
ohasc, Th;rs it is given by the ratio of count this feature was
spticlfjerf to the total count over al I the features, Clearly, these
rropsbilitles snoulrj also b e lIiooified to some extent bv the known
3priorl UiStriDdtion of the features for the language under
considerstio~,

The uncondjfional 3rcbabl liti, P(X) is obtainecd  i n d i r e c t l y .
The phone-feature  relatfoqsniD  (Table21 indicates that the fsatJres
VOICLDr F-q I (‘ # -QIFii:  aq:l STOP are m u t u a l  Iy exclusive and totallv
exhaustitie,  Vhdr?fcre,

(7)



This cW-stralnt  t'st?a in COrljunct
wo t

i3tl with ea.2 gives a n estimate of

This irletilod  of obtJainin 9 th9 Dostlriorl Probabifftjas  a l l o w s
u s  t o treat aI i otwr features which do not figL;re i n w.3,
i r,cJeOendent  l y of each other: unF3 of the main advantaaes of thfs
apprcact- strwse~l in the introductory section,

2.2 ImW9mencatT0n 0f counters
~~“.v--ue”-lr---““L”-~~-“~

i

L

The featbre DrObabilitieS obtained in the section abOvs are

fcr a bout :waveter vectw X, Nhich reDresents a short time slfce
ilf 6.4 ITSBC,, and are cOr~Dle3xly independent of the time cOnt&t,
kher@ats, SO?18 iebtUreS, PZ?rtiCUlarly those related to
frici3tibes

vowels and
h re stationar\/ over fairly extended time segments, This

fact iS ?~s@d tc inProVe The Drobabllity estimate at a the say T, by
irshQ the CCI~IPOW~  crcbaDility:

L: ( F
L..

1
i

i

.

reprwv?pts  a delay of 1\1 units,

crrder t o redtxe the nwber cf Pre-assigned threshold
WSt be sD8cifhd  to the Rrcgram, the same value, of this
usecl for 4 I the features 8%CeDt the inherantl~

non-statfonary  features  (~~~SAL,~~AsGLI~VOIF~I~  for Which a delay value,
reduced by On9 Unft is used,

In
ValMs that
rfelaY is

ix > = dFIX )*D(
T (T-l.)

Yout;td=~' iS the device used to detect “Dresence” of a f9atur9
Usin ‘4ws@  GompOUntj  Drob3Fility estimates, A feature counter fS
trisQerecj hhw the probabi I ity for that feature exceeds
cqe-%Jecified value, ar\d reqkins high for SeV8fd consecutivs trm:
i, p; i +, s ( Accic’ental dror;outs
nysterisis,

w SDik9S are eliminated by using tfme
t coWt9r thUs reports We onset t‘fme, the dUPati0l-l for

tin 1 ch t 0 8 fcatwe  was Dresent and the average Probabi  iity value over
the uufat  ion,

Cle2t:ly~  there fs 1x1 "c$di;l!um" value of tvobabi Iftv that can
oe set as the trlresho  1'1 for =t counter. It would depend on ths
pur~flsa for k-hi cF, the oUtp’*ltr; are to be used and ofcours9r the
Orvaniza ZiO’7  of the prograt-7 Wws9
3,

bs)c  is to assign  interoretatian  t o
Sir:ctt ChiS rrGort  deals pxc!uSiwiy wit!l demcnstratfcn cf the

rerf0rQnce and CaDahflitieS  Gf this
results us;n=;

aDDroach, we shalt rrjtesent

FaraWter  s,
IdPntical inzut SW Varying the threshoid and the delay

- (3)



L

L.

it
feature.,

is not necessary to sDecify a SeDarate threshold for each
The confidence witn vJhich a feature may be detected is

clearly refated tc the ai?oUnt  o f learning for that feature: its
&priori  probebility,

The actual thresholds used far each Counter are thus obf2!&ed
bq r.Uitiul:~ing  its acrioti Probability by a global confidence figure,
which 1s s p e c i f i e d  as a Dercentage,  r a n g i n g  f r o m  1  t o 1 0 0 , Xn sbme
H b a a I'
feature

CF.WS where the ~rohabilit:~  distribution is biased because the
is snecifiej for unrelated phone sub-sets OLg, LONG and

STEADY), the threshold figure may be arbitrarily chosen,

The results given  In this report  are based on 26 utterances
Which Wjre Jseo as the data ba';a at a speech Segmentat ion workshop
heh at the Carnegie-Yellon Vniversfty in July, 1973,

Thcj, &tter%nces are listed in Table 4, The i3entancas  are
dividea in tti0 Sets of ;3 wvt$nces  each;  those with a r~~~~
the idertificsticn  label are used for the

is1 iowh
training and the rest for a

gross evaluation of ths syE;tclm,

Petaileci  rssults  are gtven for utterance 19 to show the
3oWstency of the featur? set, The word "Tower" occures three tfmes
in this senzsnce  ana has been used five times In the tdning
Phase(sentences  25 and 26),

l-‘iLl,i. Gives the wavefgrn of utterance 1% The vertical lines
ikr9 spaced 6.4 msec, ;ntervals. Table 4 shows the phone Information
asscoiated i,\l i t h this uttaraflce and the
segrrwd  nufl:bf.r for eaci7 Dnone,

s t a r t i n g and the ending
This association 1s dune at present by

visual inSPeCZlO,n  of
t h e  ClZssi

t h e  w a v e f o r m  a n d  i s  r a t h e r  conservatfvs  Since
fler operates in a stationsry  domain,

T a b l e  6 shows %he counter outputs obtained when the
co~fidVce threshold fs set to 60 and the delay parameter 7s 3, This
combination bi&ses the res!Jlt  to:dards higher probability and
stationarity,

greater
fig, 2 shorJs a graphic representation of these counter

outputs and @ISO the OOsitlOn  Of the phone
kith It,

strlng(Pony) a s s o c i a t e d
The necessary co:mrUssicm  of

shift beTKse,r: the featurss,
+,ha data  may cause a relative

ti Ii t the error
charac-ter on either 3jicle,

is not more than 1

It 4-4' 'i y be noted %hd t!‘W features \/OICE3 a n d  STgP are f o u n d
kitr;  ni~t7  reliability, Even 'dhhen  tne friction in the first t-burst
(Sf%@ 332-94)  is missed  coT~r13t9jyr it is not substituted  b.v any Other
feature, CithfV t-bursts are also r-nther sketchy, On the other hand



the 99 s 81 at the end of tn2 sentsrlce(Tower c) iS d e f i n i t e l y  Dicked UD
a s  a  f r i c a t i v e  arlj also Identified  as 3 S / T ,

The feature  VaWEL  s h o w s  an i n t e r e s t i n g  p a t t e r n , Most vowals
indicate fair to Cgh confidence, But note the vowel AA in the second
occuww?ce of Tower(seg, 2~~9-296)  which is shorter in dur&onCanywav
It is a nvt of a digthons) and weaker than others, The graph in
Fig.2 shads It as Srohen  in bm sections and has low Prosabjlity.

Go;w A stec further we can see that for all the vowels fn
WS utterctnce the s u n - c l a s s e s FAOYT and WI are identified
correctly, Trle lnt0rvgnin~ YI ije ‘WV in t h e  w o r d  T o w e r  ia de?;ned  t o
be a BACK (Table 21, and this feature does not show up at al 1,

F’iG, 3 shows the graphic representation of the same utterance,
2na)yze9 witi7 cOl?firjence  l?vpl set to 60 and the time delay at 2, A
comparjson with Fig.2 lndi cates-that  more Information, a jot of which
is redundant with respect to Fia.& Is extracted, 9ut the interesting
aspect iS tnat now the t-bursts show up as fricatives, though they
are ,incorrectly  laoelled as eitilar F/P or SHIK. The likely reason is
that thera a r e  more jnstances  o f  F a n d  SH i n  t h e  train-ins s e t  which
a r e  ClWwr  ta these, rather weakly arthulated bursts than the
t-bursts and 9" sounds In the training set,

The Second interestin? aspect is that the "w" gl i Jestfeature
NASGLI) are :yore  definltlvel;!  located and also declared as BACK,
aloeft hith lower confidence and mre weak.

FVgclres 4 and 5 show tb3 g r a p h i c  representation for the c
utterance 2, wttn the confidence figures set to Si0 and 40, and t h e
delay P a r a m e t e r  s e t  to 3 and 1 reS38Ctbe/Y,

This exanple is intsnded to demonstrate another hOOrtant
c h a r a c t e r i s t i c s  o f  this aPproaC!G the feature set being mutually
indepenoent during the analysis phase.

Fig,4 is 9 lean" in the sense that none of this competina
faa+,ures (VOICED,fHIC,STOP),  (VOXL,YASGLI) and (VOWFLJASAL? show
any ovarlan, 'rihi3rCtaS i n  Vi?,> t h e  vowel EE (time 0,5 sac) has the
features VONL and @(ASAL overlxpwiqg  for most of its durat?on, On the
otner hand, VOYalS AE (timt? Q.65 set), E (time 1.25 secJ and AW
(tli7.e 1 ,SS set) shop llttia or no overlap with feature NASAL,

L

Fro?] the pnonepfeature relationship (Table 21 used dur'ing the
t r-a i n i n,;, i t  IS clear that th? feature NASAL iS associated only wrth
nasal  Phones fl,lJ and I\JG, Tha  example  above shows t h a t  nasalization  ‘ i n
vob3ls can bs d8t,2&ij *dithOlJt creating an explloft GhSS for
nasalizea  vowels,

I
I UC)-.



To repeat, we do lot assert  t h a t  vie h a v e found the way t o
define 2nd detect "nasal iza'Cton" in zhe strict sense of the term.
This is ;In example to substantiate our strategy for k0eOinc t!=ls set
of f e a t u r e s  i n d e p e n d e n t  O f  e a c h  o t h e r , and for not using are-defined
raiatiOnship*j betdeer  features as A way to imOrOve  recognition and/or
Orovide  a simPle aigoritnm for the phonetlc ;abeiling  O f the
utterance,

T a b l e s  7 a n d  8 give  a gross wdluation as to how wel I the
SidnatUre  taules perform men t h e  l e a r n t  d a t a  itself  is analyzed, The
tsstins  9roJrarn co!?lDares  We associated learning infOrmation(as fn
TablO  5) with the OutDlJt of the counters on a segment by seamsnt
oasis,

Table 7 gives the overal i fiqures for the various features.
Ttie entry "Excess" is “,ho s U!!7 of wrong classification, when the
correct featArc  is nC,t found at-;l!l r-tnJ  also of other features which
overlab  We correct feaXre, Thus excess is mainly a measure of
se?erabi  iitd oi the COmpetin?  feht;urPs, Table 8 represents the Same
i n f o r m a t i o n  +;iZh  a ohone-disc  Lrt?ak  dodr~, This information is USefuli
for 1) rsdefinitioq of the iflp1.t  yirqmeters  and feature reiat!OnShio
a r, d more irqpor%ant,  2) rcdcfinition o f the set o? features
thetee Ives, Th!!s res'lit  for vob:c3i  AF: in the Table 8 indicates that it
is classifier! as Fi?QPIT  and \^iILl yxut ezual number of tiws, Iimiiariv
i<Ai:i-\  VOht:  is f lj aryd ‘;; sni%r,h  i:ev;i;$arl  VI0 and F-ArJK,

Th i s a::p;\rE!n‘c  confIrs  i O~I is indicative of the Wriabi!ity  Of
tne forrant,  structure of the vo!clels  with context,  One may get around
this proLIe.  by increasinJ  the nu:'lner  of features: one for overta
betheen FWLJT a II d >l I D nnd snother  for the overiac between  MID and
@Ach, A rjettsr  solution miijht be to qisa%Cyuate  these ConfusiOns  by
1) 3ver:,g  i n:, ingot over the v~ei duration and re-intararetiny  the
r2Sultir1- vet tor[amoirnts  to 8. local feed-back) and/or 2) OostOonins
tht3 3eCi::ion dnti( jt becores  essential, and using acoustic and Other
Cofltext  infC~r32tion,

Table Q rives  tf,e c.v+r:::@ll  results in the Ibjarnt data When
the COnf  i dsrsce t’Iresh0  I rf is lobdered  to 6? and the delay  to 2, The
incraase in Cl:sS5if~CatiOYl r6tcs for the feature YASAL, VASGLI  a n d
EACk,  ar.ior?z o'thzrs,  s h o w  ;;?tat Yhe zhones  which define these featdres
are not  ii2r1;iCUI2r iy stati9n3ry..



4,@ COnClusicln
c----w”““-

T h e  exmp(eS In wove section give a fair idaa of the
CaPabil  lties and the cotentialky  of the present aoproach towards a
speech recognitlan  SyStem, The syster7 satisfies all the raaulrements
out1 ined in the introductory suction,

At this ooint we ':ay nake a orojection as to how the iresent
system rri3ht  fit into a f?ll I-figdsd  recognition system, A PoSaible
strateQy  is outlined in a very general way by the followlnp stePs,

1) F 1rGl SectIonS of t h e unknown utterance setting the
confidence i)krameters  "hi3n".

2) ; 0 thf gUCpl a nypothesize- test orocedure to kentffy  and
label thsse sections, Verificatio-n  can be done on certain SectiOnS,
bitk l%ererl  conffden@  levels If demanded by the context.

3) 5: A :; k those SeCtiOnS mrked in stel3.s  11 and 2). The
recoanition  al:!or&,m  canTot do Y. better Jar, than this!

.
L: 1 If f.w=ts oi the *rtt*rance are left un-interoreted then

loher tb coilfidence  Dara-jeters,  and go to step IL

Ckarly, the rrl0’jt CruCi?.l  steo 2 a wve is dep?ndsnt  on the
Constraints  and the goal of tha recognition schema, One may mere1.v
include lawuk~ge -SaaC!f  is 3hoiologfcal rules at th i $ stage, The
systarrl  wuli therl  accent a 'Aider class of utterances a 1-i c! oroduce  a
Phonetic trw7scriPti.o~. 'Y'hs  r 3'2s .?I task oritnted, Ilmitsd vocabularv
S;ISt@'ll  riJt7t  get ;;lWay  ditil f?HF?r 3~~o~ological  rules and still 3rovide
acceotable  rds:ljt3,

c



paratreter

Fl: first fOrmant

F 3 : thftri formint

Al: F-1 amplitude

AZ: F2 ampI I tirde
A 3 : v3 amp I 1 tuice

FP2AI FP2  anslltuje

F;E: frlcativs  zaro

NP: nasat r-we

IQ: nasa I 26ro

LOW9r L iFlit UPDW  L i m i t  [Hz]

2 a ii, 800

7 ZJ :." 2 0 5 0

2,743 320P

FPl

8;1;;A

:\I P

FP?

AVE: aMra3a  energs/

(13)



PH IPA 3iqRif !C;\nt features



Nan3
VO!l
CR11
VOFRI.
ST01
VOkl
CL11
NASH
FRQ
MlOl
8CK1
XFPl
ST1
SHKi
LNGl
STD1
GAPI
CAP11
VOIZ
F;‘RIE
vom2
ST:;
vow2
GLU
&AS=,
F' R r4 2
MI02
BCK2
XFf%
ST2
St-M2
LNG2
ST&
GAP;I
GAQ;;:
VOI3
FRI3
VOFR3
ST02
VOh3
GLI,?
hiAS3
Fl?n,g
MI83
f3CK3
XFP3
ST3
SW3
LW3
STCZ

p2
w
P2
F2
K?
P2
F2
r2
p2
W
p2
P2
p2
p2
.p2
p2
p2
p2
F2
w
p2
p2
c.?
F2
p2
P 2
p2
P2
p2
p2
p2
p2
P2
P2
F' 2
w
"Lr ')
L 7
F'S
FZ
f‘ 2
P2
P?
ci
FL-) *.
p2
Kz
F2
p,"

I N;! 1x3
HPK NE
HP E. AVE
A2 AVE
HPE AVE
A2 Al
A2 Al
NZA NPA
A2 F3
a2 F3
A2 F3
fP2A Fi!
fP2A FZ
FP2A FZ
A2 F3
A2 F-3

AK
AVE
AVE
AVE
Al
Al
f]PA
F3
F-3
F3
F-z
FZ
FZ
F3
f-3

WE
HPE
MPE
HPE
WE
WE
AVE
Fl
Fl
Fl
FP2
FP2
fP2
Fl
Fl

HPE
HPE.
F! p E
hPE
AVE.
AVE
A v c
Fl
Fi
Fi
FPZ'
FPz
FP?
Fl
F:.

LPZ
LPE
LPI
LPL
LPE
WE
LPU
F2
F2
I- 2
FPI
F-Pi
FPl
F2
F2

1N4
HPE
HPE
HPE
HPE
AVE
AVE
AVE
Fl
Fl
Fl
FP2
FP2
FP2
Fl
Fl

LPE
LPE
LPE
LPE
LPE
LPE
LPE
F.2
F‘2
72
FPl
FPI,
FPl
FZ
F2

IN5
LPE
LPE
LPE
LPE
LPE
LU
LPE
F2
72
F2
FPx
FP1
FPz
F2
F2

IN6 IN7



GAP3
CAP33
v01cul
Ffdc
VGIFRI
STOP
VOMEL
NASGL  I
%ASAim
FRO&T
VID
BACK
F/P
S/T
ShIK
L O N G
STEAUY

LPF
LPE
LPE
LPE
LPE
c. P E
1. p f:
F-2
F2
F-2
F’ P a
FP1
FPl
F2
F2

Table  3, The Signature Table  Hierarchy,



c‘

NO
)*.

8

9

10
11

18

is
20
21
22
23
24
25

24

UTTERAWl
m"c"-l-m-

What is C,he average 'JraniUm lead ratTo for tha lunar aamplss?
Do anY samDIes contain troiiite?
00 YOU have any references on payaljtic ol;vjne?
00 any samples contain trfdymtte?
kS whitlockite been measured in any lunar samrole?
ghat are the Wroxene concentrations in each tvde A rock,
Give 1.78 the cristobalite  concentrations for each type 8 rock,

Count where tme equals linear equations and runt;ms less
than five  six,

b~ea-i@ where  kzy worl
e q u a l s  eigsn  v a l u e ,

WUaiS &&lss siimfnat']on  or key wofd

Alpha becomes alpha minus -beta,
4lrha gets alpha minus beta,

I want to do phonemic laoelling  on sentence sfi,
'dho's the owner of utterance eight?
#v.) fs the owner Of utterance eight?
~iS13la.v We DhQnenic labels above the SpeCtrogramg,
Put the left boundary on first "s" segment on the tenth frame,
flove the rfght boundary of the fjrst "aho one position to the
left,
0W~1a.v the root mean squared function and the si lence
threshold at3ove the spectrogram.

They are Tower A, Tower 6, and Tower C,
ih YOJ have W-W right sauared boxes left?
00 ylo~ have my rectangular cylinders left?
The Aite thck in the oicture is called a hoi,
The arange @loch In the oicture is not a box,
Put 376 other red block on the red block,
fkm left to right, they dre Tower A, Tower 6, Tower C, and
Tower ;,
I S tilers a red olock in front of Towers C and D?

Table 4, list of the 26 sentences used in the exoeriqente,

(those with a WN following the identif'jcation label ~rde?e
used for adaotat~oW



c

L

i.

i

t

The message  in th;s fir 8 is r::::

(19:&32) THEY ARE TOQI? A T&,'Ef?  3 Ar,j3 TO'rlER c

22
23
24
25
.26
27
28
29
3t:
31
32
33
34
35
36
3?
38
39
40
41
42
43
44
45
46
49
48
45
50

Pl 13 E G
vs I.3
E 22
I 27
AA 49
R 62
SI 71
T8 a2
AA 99
w UT
AH 229
SI 148
E L62
I 2P4
SI 2tib
TB 275
AA 28 9
W *3 ,f 5
AR 314
VS 327
EL 346
H 454
tv 4ti3
SI 477
l-5 483
AA ‘4 0 9
w 4i5
AH ‘jzq
S 5 3 9
EL 5 7 1

Tabi8 5, Phone Infor72fion Associated  Nith Utteranoe  19,

(18)
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SEG#  in file name refers to the Utterance Number,

Oata flla SEGl%TZC77,THOJ 18-J&-1973 1413:22

ae3in

(19 :F'?f32> THEY ARE TOWER A TOWER '3 AND TOWER C

Tralned  on: L~,uvIX,TMP Tilreshold=8fl 8 Delays3

End Labe I Leve  I st,seg End segcnt

F i r s t  revs! fvojced,  frlc, voiced-fric, voiced 8 unvobd st,bpl

128 704 S;TOP

896 4162J V3ICE9
4544 5Gl56 STOP
6. 3-3 85i2 VOICED
$344 91356 STOP

10: 48 i5632 VOICED
l45;:16 .14:?i30 5TI)P
14336 174rJ8 STOP
17690 17664 MIC
18116 1%172 WICE3
19328 19520 V3lCED
p776 2flgJ.6 WISED
20736 21696 STOP
21868 24708 VC)I,"ED
25650 29G56 STOP
29376 3J720 STO?
31168 3 x 9 4 FRIC
31488 33536 VOICE3
33520 34240 V3IcE3
34432 36306 FRIC
36352 3744L3 UICE3
37824 37885 STOP
38144 38272 STOP
33592 38656 STOP
38912 39168 STOP

4
6
5
7
5
7
1
5
6
7
5
6
3
7
6
4
3
7
5
5
7
3
1
4
3

2
14
71
94

146
157
219
224
275
284
3a2
309
324
342
4fl0
459
437
492
5313
538
568
591
596
6fl3
6G?8

11 10
65 52
79 9

133 40
154 9
213 57
220 2
272 49
276 2
298 15
305 4
319 11 '
339 I.6
387 46
454 55
480 22
489 3
524 33
535 6
564 27
585 18
592 2
598 3
64J4 2
612 5

768 832 !>.I  A S A L 6 12 13 2
1344 1664 VOWEL 3 21 26 - 6
1920 2112 VOWEL 3 30 33 4
2368 3392 V3WEL 4 37 53 17
3648 3 9 f:')  4 GAS~L~ 1 57 61 5
4: 32 4fM NAsGLI 2 63 65 3
6144 7xG 'J 3 w E L 7 94 115 20
7360 7552 N+SGL 1 111 115 118 4
7488 7bi6 VOtL'EL 4 117 119 3
7744 0,?1$"/g VOWEL 4 121 125 5



8<64
lL3C48
126iJ8
12928
135s4
10fl48
18368
188W
19392
19712
22/x6
23488
23872
23936
24128
.241?2
24192
24445
24640
24640
31424
31744
328'36
33836
36414
37184

8512
1%4:30
128W
i3184
13%3
18112
pm24
18944
19520
2W416
23232
23690
23936
24~00
24:92
24320
24384
24512
247W4
247144
31552
32748
33536
3392121
37Z56
37248

NASGLi
VOWEL
VOWEL
VOWEL
NASAL
NASAL
WWEL
VOWEL
‘VASGLI
rdASGL1
VOWEL
‘JWEL
NASAL
VOWEL
FJASAL
VOWEL
NASGL I
YASAL
NASGLI
N A s A L
USAL
VWEL
NASSL 1
UASGL:
WKL
\‘fJidCL

1
7
1
2
5
5
4
I;!
0
2
3
3
6
2
6
6
4
6
3
1
0
3
2
2
4
3

126
157
337
202
211
282
287
295
3fl3
388
344
367
373
374
377
378
378
382
385
385
491
496
514
529
569
581

Fricatives p/P, S/T, SH/Kl and

6656 LONG 7 102
6656 STEADY 7 102
7Q40 STEADY 6 107

19264 SThDy 3 297
24256 STEdJy 7 377
31232 St-UK :1 407
34432 W/K 4 537
36ti96 S/T 5 544

133 8
1% 39
200 4
2@& 5
212 2
203 2
291 5
296 2
305 3
319 12
363 20
370 4
374 2
375 2
370 2
380 3
381 4
383 2
386 2
386 2
493 3
512 17
524 11
533 2
579 11
582 2

c LONG, STEADY3

l34 3
lQ4 3
110 4
301 5
379 3
488 2
m3 2



L

L

t

1536 2496
3584 3648
6144 6976
7480 7616
7552 7616
8192 8512

@it48 12238
12544 13568
18368 19204
19w4 20140
21888 24832
31744 32192
33344 33536
3&.372 37440

Table 6, Counter Qutbuts for the Utterance  19 with

F e a t u r e f; j ven

vOIcED 1816
FRlC 741
VOWEL 1241
NASAL 322
STOP 498
VOXFRI i13
VP I.53
S/T 346
SH/k 222
FRO&T 583
MID 991
SACK 242
LWG 642
STEADY 752
NAsGLI 575

Cfrotlt, m‘;d, back1

24
56
96

117
118
128
157
196
287
311
342
496
521
568

39
57

109
119
119
133
192
232
301
315
388
503
524
585

2
14
3
2
6

36
17
15
5

47
8
4

I.8

Confidence Threshold  set to 80 and tima cjq(ay to 3,

@erain and End times are in 10 microsec. unfts),

F‘:,Und

1.365

477
630
69
6c5
3

25
257
ii 1
353
332
4s
4 4I*
23
175

Excess XFound %Excess

18 75 1
44 64 6
il 56 1
7i 2i 22
I.16 87 17
3 7 3
5 16 3

34 74 10
19 5ti 9
59 61 10
i 1 s 34 11
24 20 106 2

1
.

3 4 0
101 30 18

Table 7, Averwed  Feature Performance of Learnt Data,

(Threshold=8fl  and Delay=3)
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i
L

'L

t

i

Found

VOICED 1816 3.432
fRIC 741
VOWEL

519
1241 876

NASAL 322
STOP

182
b98 605

VOIFW 1 1 3
F/P

33
153

S/T
+I

346
Sb!/)c

231
222

FRONT
145

583
YID

411
991

SACK
515

242
LOW

'117
342

STEADY 752:
33
67

%ASGLt 575 368

Excess %Found %Excess

31 79 2
66 70 9
34 71 3
264 57 82
176 87 25
38 27 34
25 27 16
76 61 20
46 65
127

21
70 22

191 52 19
139 48 57
17 5 3
14 9 2
457 63 79

TaWe 9, Averaged f'eature Performance for the Learnt  oata,

(Confidence  Thresholdw50 and  Delayz2)

batwe Given

‘JOICPD  1553
rRJC 523
VOWEL 102iJ
YASAL 223
STOP 4 1 I;!
vowq  91
F/P a2
S/T 329
SWK  92
6RCPJT 630
MID 573
9ACK 3w
LONG 57a
STEADY  597
NAW. I 533

Found Excess Wound %&xcess

lib 37 76 2
317 39 61 7
5 3 9 26 50
45

3
81 20

327
37

111 50 27
1 3 1 3
9 2 11

2li
2

38 64
13

12
7 21

342
8

64 -54
146

10
126 25

12
22

22 3 6
4 2 1 0
8 6 1

139
1

146 26 27

TaDb la, Wwwed Fmture Performance for the unseen Data.

(COnffdmCe Threshold=80 and  Defayr3)
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0
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SEG19. T0 177, THOI
time in 1.024 sax.

0 . 0 0.1 . 0.2 . 0.3 . 0.4 0.5 .
STOP -4-i- ;5--+
VOICED -6---+---+---+---+---+---+

NASAL -
VOWEL -3- -3 -4---+---
NASGL I -l-+2
LONG
STEADY
FRONT +2--+--
MID

Pony vs- E + I  -+- - AA--+ R+ SI ---+TB-+

j.0 . 1.1 . 1.2 . 1.3 . 1.4 . 1.5 . 1.6 . 1.7 . 1.8 . 1.9 . 2.0

24-JUL-1973 0952:31

0.6 . 0.7 . 0.8 . 0.9
-5-;-

1.0

-7---+---+---+---+-- -7

+7--+---+-  -4-4- -7
-0 -I--

-7
-7 -6

-7
+7--+-- Is +2-
AA-t , W -+ AR- SI-+ E

STOP
VOICED+7--+---+---+--
FRIC

- +5--+---+---+---+---+---+
-7+--e+-  -5 -6,,,+

NASAL
VOWEL +7--+---+-
NASGL I
STEADY
FRONT +7--+---+
MID

Pony  E  - -+ - - -+ - - -

4-2- - +4- +
+0-z+---

-3-
-5+---+--

+5--+--- +2-
1 -+ SI --+TB-+ AA--+ W.--AR--

2.0 2.1
-3;---+-

. 2.2 . 2.3 . 2.4 . 2.5 2.6 2.7 2.8 -&3 3.0
STOP +6--;---+---;---+---;---+---O  ---;a--+
VOICED+ -7---+---+:--+---+---+-

NASAL - - - -
VOWEL +3--+---+-  +3 - -6
NASGL I -4 -
STEADY -7
FRONT - 7 - - - + - - - + - - - + - - - + - - - t - -

p o n y  \dS---+-  EE--+---+---t---t-- ii + N --- SI+

Figure 2. (cont.1
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SEG19.  T0 177, THOI 24-JUL-1973  0 9 5 2 :  3 2
time in 1.024 sets.

3.0 . 3.1 . 3.2 . 3.3 . 3.4 . 3.5 . 3.6 . 3.7 . 3.8 . 3 .9 . 4 . 8
STOP + + -1 - +3-
VOICED -7+---+---+---t--  - 5 - +7--+---+
FRIC +3 -5-+---t---t--

NASAL - 0
VOWEL + 3 - - t - - - t -4-t---
NASGL I -2-t-- -
SH/K t
S/T +5--t---t--
FRONT +4--+--9+
MID t4-- -1

Pony SITB+- AA-tW - + - - - t - A R +  S  -+---t---t- EE-+-0-t

Notes: The t symbols denote scale divisions only.
The numbers on l ines are conf idence f igures (unsigned, 0 to 8).

The position of pony data may not be exact because of scale compression.

Figure 2. Graphic Representation of Counter Outputs in Table 6.

L
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SEGl9.T0[77,THOl 240JUL-1973  0356: 17
time in 1,824 sets,

0.0
-5-;--

8.1 . 0.2 . 8.3 . 0.4 8.5
- & -

. 8.6 . 8 .7 . 8 .8 . 8 . 9 1 . 0
STOP -c;-;-
VOICED -6---+---+---+---t---+---+-
FRIC
VOIFRI

NASAL - -3 tl
NASGL I -2t--  t - tl tl -3---t
VOWEL -4+---+--5+---t--  -1
STEADY t 7
SH/K
LONG
BACK -7 - -0-
MID t0-0 -2---t- -
FRONT - - 3 - - - + - - - + - l -

-7+---+---+---+---+-- -7+
t2 -

-2 - +3--t- -3---
-7+---+--+- -5--- - -7+

-7-&t-  -

-7
-0 - -1 -0-+

+7--+---t  - +2--+--
-4 -7+

Pony vs- E  + I  - t - - A A - -  R t  S I - - - t T B - + AA-t W -+ AR- SI-+ E

1.0 . 1.1 . 1.2 . 1.3 . 1.4 1.5 1.6 1.7
STOP -4 +6--;---t---;---t---;---+

. 1.8 . 1.9 . 2.8

VOICED+7--t---t---t-
FRIC

NASAL - t -4t
NASGL I +1-z+-  tz--
VOWEL +7--+---t---+
STEAOY
SH/K

'F /P
BACK
MID
FRONT +7- -+ - - - t - - - t -

P o n y  E - - t - - - t - - - 1 -t

2.0 2.1 2.2 . 2.3 .
STOP -4;~-+-- l

-7+---+- -6--G+---
-2+

-2-2-
-2- -2+--4+---+---

-4---+- -
+3--

-; +

-5 - - - + - z -  O-31--+

SI--+TB-+- AA--+ ' W --AR--

2.4 . 2.5 2.6 2.7 2.8 2.9 3.0
t6--;---t---;---t---;---+---’  ++-w-;--w+

VOICED -7---+---+---+---t---+--
FRIC
VOIFRI

NASAL t-l + -2 t - t -2t---3-  -
NASGL I - -2 -l-+3--+--  -
VOWEL +4--+---t---3-  -a- -I-
STEADY -7-
LONG - -5
MID +
FRONT - 7 - - - + - - - + - - - + - - - t - - - + - - -

p o n y _  VS---+-  EE--+---+---t---t-- H + N --- SI+

-

Figure 3. (cont.1

(33)



SEG19.  TO T77, THOI
time in 1,024 sets.

24-JUL-1973 0356: 18

3.0 , 3.1 . 3.2 . 3.3 . 3.4 . 3.5 . 3.6 . 3.7 3.8
STOP + -5 -3’-6 +4-

. 3.9 . 4 .0

VOICED -7+---+---t---t--  -5-t +7--+---t-
F R I C  - 5 - 5 +6--+---t---t--
VOIFRI -8 t

NASAL -3- -3 +
NASGL I - - I - -4---+-- +I!+- t l  - -2- -
VOWEL +5-+---+- +4--t---
STEAOY - -6
SH/K - 0  +0 tl
LONG
F/P t
S/T - 5 + - - - + - - - t - -
BACK - -7 -1t
MID -5--- -1 -2-- +
FRONT -7 +5--t---t-

Pony SITBt- AA-tW - t - - - t - A R +  S  -t---t---t- EE-+---t

Notes: The t symbols denote scale divisions only.
The numbers on lines are confidence figures (unsigned, 0 to 8).
The position of pony data may not be exact because of scale compression.

Figure 3. Graphic Representation of Counter Outputs for Utterance 1 9

(Confidence Threshold=60 and Delay-21
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SEGZ.  TO [77, THOI 24-JUL-1973
time in 1.824 sets.

1088: 35

0.0 0.1 0.2-7-;---.+-;---+---; 0.3 . 0.4 .STOP 0.5 . 8.6 . 0.7 . 0.8 . 0 . 9 . 1 . @
+

VOICED -7- +7--t-- -6-t--
FRIC +7--t---

- 7 - 7 - + - - -  ’ -7+---+
-7+

NASGL I
NASAL
VOWEL
S/T
FRONT
MI0

Pony

-8 t -7 -2+
t +7

_ -i - 4 -7 -7-+- -3
+5--+---

-0 -2- -3
-4+

-f
vs+

+1
oo-+-  E -N + EEt- S --+--  AE-+--- tl tSI- AS+-L +Z S

I,.0 -7; 1.1 . 1.2 l 1.3 . 1.4 . .STOP I.5 1.6 . 1.7 .-4+ 1 . 8 . 1 . 3 . 2 . 0

VOICED
FRIC +7 -6 - -

+7--+---t---t -7+---+---t---t---  -
-3-

NASGL I +2--t - 2 - t - - -
NASAL
VOWEL &+-a-+
S/T +4

- a

FRONT + - 2 - t - -
MID
BACK

+2--t -2

qony S SI+KB-AS-N - SI-TBE --t--  N --t TB--- R -AW-I -L-t-- AA-t- I ---

Notes: The t symbols denote scale divisions only.
The numbers on lines are confidence figures (unsigned, 8 to 8).
The position of pony data may not be exact because of scale compression.

Figure 4. Graphic Representation for Utterance 2.

(Confidence Threshold=80 and Delay=3).
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SEG2.T0  [77,  THOI 24-JUL-1973 1005: 55
time in 1.024 sets.

0.0 0.1 0.2 0.3 . 0.4 . 0.5 . 0.6 . 0.7 . 0.8 0.9 , 1.0
STOP  +7--;---+---;---t---;- -3 - +4--j
VOICED -7+---7---+---+---t-- +7--+---+--- -7-+---j.
FRIC -&---+---  - -4-4- - -70+

NASAL - - -3-- + -3+---+- -1 +
VOWEL - 3 t -5-+- -4-+-- -7-t---+-- -4-+- - - ;
NASGLI -3+---t-- t-2-+--  - -4 -3-+---+
F/P t -0 +
SH/K t -l+- -1 - -4-2- I8+ 1
LONG -0 -8 -l-+- - -
STEADY -5-+-
S/T -6~-+--+-  + -

4;-+
-60+

FRONT -5+ - -  -3+---+3--t--- +4--t---t
M I D -3t-- +4--t - 3 t  t 3 + 5 - - + - - - t - - - -4-+---+
BACK - -4-l- - -0t2 +2--+---+

Pony vs+ 00-t- E  - N  t  EEt- S --t-- AE-t--- ii +SI- AS+-L +Z S

1.0 1.1 1.2 . 1.3 . 1.4 . 1.5 . 1.6 . 1.7 . 1.8 . 1.9 . 2.0
STOP -7-i -* -5-t -2 -6
VOICED t6--+- -7---+---t---t-  -4 -7~+--+---t---j.---  -7- - 6
F R I C  +7 - -6- + - -6 +5--t - -+5
VOIFRI

NASAL +2--+-  - - +2--t-  - 4 - 4 t - 2
VOWEL t 4 + & - t - w - + -4---+---l+---+--  - - -+
NASGL I -2-+- - + 4 - - t - -  - 4 - t - - -t - - 1 + - 2 - t  - +
F/P + -0 +0- - -2- +
SH/K -3 t - -2 - - +2--t
LONG - -l---t-  - -+
STEADY -1+
S/T +6 - -5 -4 -2 - -+l
FRONT t5- -I!+---+---+- -3- - - +1--t - - -3+
MID -2+- -2--2 - -+4--+  - A+t---+---+--5+---  -4
BACK -1-+- -0 - -1+---t- t8 -2-+--+-2+---t--  -2

Pony S SI+KB-AS-N  - SI-TBE --t-- N --t TB---  R -AW-I -L +-- AA-+- I ---

Notes: The + symbols denote scale divisions only.
The numbers on lines are confidence figures (unsigned, 8 to 8).
The position of pony data may not be exact because of scale compression.

Figure 5. Graph

(Conf

ic Representat

idence Thresh0

ion for Utterance 2.

Id=48 and Delay=lI.
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