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barrier may {gniglidd\dRerdtdbiiimere tha mpitaPdyStore hadHbo Solunths ¥dth HprebdhtihgIORS th Bbifd fdrdiNg
onl'y NV e Upedth fofeatult mayféithabb ms iinidws FéreffipRMidloféaturé Dshowi iR Agurd 8le€ Within1Oms
frequency of périoés 168 whitstinitrofeatad 2 lieswithin 16rkb periods 2 th8and3avithih Erieds@ter. THe@oms windows
condi ti ons nNimyy CEbitkary, lof ¢a8h nigrofeltnM myy I€within e respadtiverdifferbre SamEwihdod (Subjed @ adjusta
whi ch case ambntiattbe dndedftiersiore).dA sacond banbtvaint s rddated tg)the oeanthgelf ti@bits ircamctt tolumn of the
frequenci es bputdatesttre.ciewill be disqussel beldvatiy envigaged i thaAftbits reay christ of eaverabgraugseacin
occupy. T pefmhishreptebantd apadicultrppgrametennt the inputgpdech. [Forcexampld twe pf three bitsanay sdpresent
this may be aveicedapvgiced repsyre oitherin @ binasy\repregantatialnor infabareharttenresentationed byt he
store size. The likelihood of the second possibility - that of all entries
bei ng occupied - wll thereby he nmuch reduced but if it occurs it is
suggested 55 that é’ﬁ'é% ting P{/ inentry 16 Is always jettisoned in
favouﬂ,« of?a new one. It should be noted that after halving the

"frequenci es” of existi nd croggeat ure yﬁelﬂgﬁnmaw (s b i Dlbe y n- cies,

any new mcrofeature value will acquire,a greater f géency relative to
these than its true frequency of occur r ¥¥We woul d suggest. This gives it a
greater cfance of survigolng- andoY i sing tiwedees the top of the list, a 4
EP O 300 648 Bl charactgri stic ich ap irable. In this way,
the constitution of the tenpl ati(/ewl S con?’ﬁ%&iﬁ@tg}g% 4 accordi ng to the
success the apparatus &d8i eves 3n recogyeicedn. |1 n speaker verification
applications, it would clearly be inportant to adapt the tenplate only when
t her e wasse 100%athé bemdhait yepiabentatibr the @igiiificande of gueh kieis indépdndaatanthi diders (ié iniddle bit = 1
Conver sel y, bans thahdticistrsomee vdinirg ig préesantyas repteseitond chnstralit eetbemicofeaiureLsalettipn.tiine
nor e t he appthe cése of thebivay wpeesantaéioh thik s natbe® aad the aalr/of bibsis treateslt ds dndissbiubleaib thelteo
sel ection of bitsiatways fermpart ofsheasame nistofdgturecThis wilktequine semeirnie ol prevent the chicrdfdatueshaviom
it is propos@erethsns bits{thisgylewil deptrathe gifict pandamnassiof the choise of bit, dridotagtas fodmprsl the

randonm y ¥el @E’t"&lﬂe)subkect to the constraint that the bits naking up any
given set all [isiohq Fwaahqttw'm&awc"@@@t'w*wnaﬂotreﬁtheé I°éP’B%eIs?1' ‘t’?ﬁ‘é

; s eforp thgoae scpnd per o o B ey
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m cr of eat ur e BN {hede ,logm@,ageespect Ive er ent ow j ect to
adj ust - nent  atrik BRnRRKPMEY beldd@milo@dié&dby a lﬁ%%&ﬁﬂﬁﬁgr@hm&uelnﬁw kR eResfbddtt
the meani@g sHoull bendidtifat hid a8fids sddlrstd Bonipbral dighmeRtiteihe Bebinding bithéword inkd thé tihé
di scussed behiighthent prboess8 dbsaA@e boldusids td Wptinibe thé dveraj@ulignntRtdvérithe@lhols RYE Enal proc-
groups each dss, if uabd, Wreidiablyafddead by réstfctifithé bodiphiion 10 atieF et {e@) 200 sloftBe Wikl Ak with
speech. For tmesaligantent, @ tice-waiping Ecliriiqus appiisd to epliaiaining wiloeduedthe tomplate'e tblerance
measur e ei t hiewnarationa inthespeed of aiteransecuriest the tectique Is alao dpplicsivathé recagoitiesesieat | on:
barchart %o Asdyiming firstiPBat(iEbasic microfe@fiire values have been gshigned oni thealjasis (et gpalnspans a

| evel too | omyxiramn of 50 ms, extra microfeatures @@ generated as fllows: unvoi ced 011 -
10 Theteaniieat 230 microfeatures gegerate pnly one value. The next 200 will gengeatectwel va@s, with thehits

t he barchar thEF’e@éWRV&N%ﬁd'SPJW i ims 20 ;g hetdaving idepiical assignments withinthess wiadewso
t he ot hers ({féhegpaigamentgparaterisyjsualisedap an eight-prprged forkshighly distorted, sigbbed infg thedata aivay,
and repr é%en §’°'ﬁ?5‘tf5' H'sstf?’ﬁ‘f"ﬁf’ "['PFP“FH@" WE'E"BF"@%!"W @@P’B?EF’P Eﬁ"e ' gpneriad bypiabbing

I ndi ssol ubl e

v oo cFUpt ) papee it oo ek %tét%éeﬁ;&: 4

This will req U|re SOhE revent '}r@e mcro aV|n

bits (this ruIe Wi | | destroy the strict rhndormess of the ch0| ce of bits,
but not so as to inperil the 35 technique). It is to be noted that the
time-wi ndowfeature facilitates the term nation of the recognition process
if a word ends before the one second period has expired. If random or ot her
arrangenments are used, then preferably



any mcrofeatures consisting entirely of bits derived from periods of
silence are ignored in the recogniti @poRpeésmedss: 40 A further
proposal is the |ntroduct|on of time vvarpl ng, to accommdate varl atlons in
t he speed at whi c

°°P dhoim- YR smedin bhe ol fgies o0l Gad
e oat ﬁ“rfe 'g? gﬁ@wwqﬁép% Pﬁ%{] %af'z |°§5“°”F‘ﬁ'§ gl
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(eg) 200 s thh thé RightRt fibquenSies/drd dloréd iVthe nip@fbTErte, chésdRwbrt.Te- War pi ng t echni que
appl i ed to tenphmbantitromhdiie/the Momatitnestbngian thB pilitani) sidrels protesbetiteproducsd 8000 micro-
vari ati ons i featuleevalnge e vailies of theseareused toifoms & detd weray, @eférred tpLhereias tha talean]y phichads

i n the recogdimensions nfl@Q byR56 and formg\pat nfthe gedrehrepthol/ 1% df figurd 31 Fheoiadek (from 1 to 1000) of
m cr of eat ur e eachmicefeahunaddiessesa aw siithjstahlean and itis etten intottieecblummeniTesppriding tethe value
maxi mum ofs S(rome!, to 85) pidhernignofeatura Thuethe first20g eqwes willthavk ang 1/rows 20do 409 jes or two 1's,
earl i est 200and serpivithunie B 1igdnibe Bet@0bigwvss one val ue. The next 200 will
generate two vdhgssleau/s oy addresse] by dhestorsd micrafeating Yalyes iaimingdiedereplaiq prageivord, Spe-
time by 20 nEifieally: °F@W‘?§geqt%?’ﬂ"feéﬁ’?“ atewpl ﬁﬁ@msges\mfﬂw ) t?%@?"\ﬂ?‘f‘f@dbﬁssame findex,

Ej he assi gnmef’i‘f"t P‘gﬁg’ﬁt :Tf?a\.?%ﬂ}]daé% %)'éﬂ" t@é““‘ﬁ‘c‘?ﬁﬁi;g ’ﬁr[j 51 gﬂted a;
t n e a
hel: S %\?ﬁ@ '% wwwgidm%m i a&%@éﬁ?@?ﬁ?@&f g irkitown

Wrdma etem

bbi h
; tabbi ng t h?gls 6!:'3? E}EQ‘M &Xwo%ogﬁeé ﬁ;ﬁﬁ deich %%c. 1! r S thbi &Oe%gef&m |
tHé ﬁ'e§t Mggﬁt

and so 0n25Upr|ts9’ hl e 0%9%53 d?@As ﬁ Dl&tth has
nunber of mggeq § etenhiﬁin he maft

3000, under FEREALS at tHe &lﬂfs‘ﬁﬁ@oﬁ&p&nhiﬁ?to QEchlifdex heddd to QQQaH‘Mt Lndl%%cuilnq ﬁ&
representi ng a Tﬁ%strépe&emdn tHa@tored RthpRfek, 4Ad thelREHIBRYT M tenblET8 a¥ieviRg (RE higheBl rél&Rle
woul d need t probubiliyOGft £theword deaifiedo B the Bdabhatead the uiKAGw wdgdlr €s quot ed

bei ng nermly byrhi@srpiag process FprésentBal fuasigindar distortiahgsf thB thifle aXis@hdIk 84y tolde bysiipld shi
I nstance) W ing bdvanse of therestidtadaime ivintoverithin which e bitsotgny gigehunidrefentdre Neclf éntirely random
trai ni ng utt essigvoedoftieditsis vael theitbe individuaktitsiefshe niidrofédture wouldneerto baghifted byt anwant f
a val ue acr odepending of itifeir temporel positicarwithio the inputrvata agay(aneidgous to an eldsticfork). Those micro-
arbitrarily fesures whichhappepedtegentainbitain )¢ lost 200ms wouldexistic §foryss, with tigdndividyah bitgsuitably
gi ven a f¥eqwernedin g pyasklinear manrse Terfsel whieh-qogtained hite ag latetia §meiiar the fitesynl, 00 do 800ms
t hat val ue) affem thestrtpbthe inpd datiarsy wold eNstdné forms; anskpg @ H»(P?“&F %"‘?F’Eﬂa@'{? qliyof whpse
tenpl ate. Si Fﬁ"fpa’l‘ﬂ“ "SMP“"“E"H@" I“EP‘@PO"Fﬁ'@?’&? é’&'l!"b?"é%'“\?ﬁ"’l PF° Pl e val ues: each
value is gi ven '2'"@ hifsehemerie 8A00- The
pr oduei ng, t h&* ?L

F Savencrs ﬂ:émg‘? e .,‘,%,“ﬂ ...,,ma%f%ﬁ eg:w:ﬁ% g
mode, the in % ul Ts e| enged
produce 3000it id Q%qﬁ. tOont

data array, f tﬁer.ﬁﬁﬁiaa&n %'auéa\asa sdl tﬁma two o umma 1000
by 256 ang forg tﬂ%ﬁérgﬁnthﬁ'ﬂﬁsﬁé%@ﬁﬁéhu&féﬁén@ 19 of figure 3. The ndex. (from
l1to 1000) of Qmmem,%;&h%whe addresses a row of this tableau, and a 1 is
witten into tipspeetaliéfangg @réeSeaebnatgy bvistwiBin ¥ adnier &Easpe{cweqmden&ymaaéebanafhg
t he m crof eat utte.rangpus the first 200 rows will have one 1, rows 201 to 400
one or two 1's,iv)spactrabenecyygnadibrits -Lig tHe differenc® batwser the 1bvals id zaljatenPdies of thadandd keerred
t abl eau i® nowtadddilessed by the stored mcrofeature values formng the
tenpl ate for eakdnecietedergBine prafildsi- ivcthd differengestbetweer thé enatgy levelswithin@ nimbenefzespec-
t enpl at e addr e §¥afeequenay bands in suceessive sapble periodavi ng t he sane i ndex, and the
col utm wi t h i t ¥i) %esg-grassing fatp - the numberiofzer-qsasaings of tha sneeettwave formdusing3/9iven peried

m crof eat ure vz!!')l‘ﬂ’@g'FSatQ ﬁ@dﬁ‘@ﬂ"&%‘hﬂ@a’ﬁ PP§*%‘P@!‘W“ a"f‘i @mewtheamr Ve form diriag
to arrivé at aatg femperied; normal i sed by di viding

| s
by the maxi num’y %ﬂ q}?ﬁ "')to arrive a
rel ative probalﬁ"’i‘jomg"'gtpﬁﬁsfsﬂ(‘ﬁ'ge ?)QAF%%%'F% ?iﬂﬁ'ﬁ% a%ﬁ‘f@'"?éﬁﬂrﬂﬁ%mm;émﬁm'e
mi cr of eat ur eS 201 "Oriwar ds, there are two or nore entries (1's) in each row
of the tabl eau. Preferably the mcrofeat e values in the tenplate store
are ordered with the highest frequencies at the top, so that the 25 first
frequency to be read out wll be the highest possible score for that
m crof eature. As soon as a match has been found the next microfeature is
addressed. Simlarly, in determ ning the maxi num score for any tenpl ate,
only the frequency at the top of qhe.list correspondi ng to each Index needs

th




30 Thi's: war pi ng process represents a quasi-linear distortion of the
time axis and is easy to do by sinpl gpyg%oséssgind because of the restricted
time wi ndow within which the bits of any given nicrofeature lie. If
entirely ranS%P assignnent of the bits is used then the individual bits of
the microf eat/iP¥¥woul d need to be shrfted by amounts depending on their

tenporal posit 'Aqnteryg tnrrllinnthewﬁcle eec firt nc&%rr\ Qa% zrb%oed?-lz dgg Il‘tg entle
fork). Thosercn]off ) |suse G@c% Qﬁl’ﬂa u?dtﬂtp ll’\EQ'OHE g{ ente
200nms woul.d E?n bité rb mhé% elir -Irheqar ﬁjé dack of th ﬁ:@}"
in a quasr 83 as QéuFb% th‘ilBu Qlafilty 4udh bd Srgl,
the int erval %N {hggrpggg;g“,@sg;et of the |nput data array woul |3

exi st~ n 4 forms and so on, so that a mcrofeature all of whose conponent
bits fell within the |n|t|al 200ns _interyv woul d exist in only one form
Statistically, the total®nuf98r @00ni cr o?@&?%ﬁee Val ud® &REF9Y be j ust the
sane under this schene, ie 3000. The operation of t hbelgwesdne que wil | be
very simlar to the techni que described above. re:FHg ¢gature of the
front end processing 12 will now be di scussed furthe‘r;h :" are a nunber
of possible parameters whi c004ny000& derilogd for entry into the inputdata
store. Not5 all of theseggoul d ngpggsarilppgagatesed i n any particul ar
apparatus, though since it is_envisaged thai the paraneters will be fairly
coarsely quantised tt is th&3ghtOlddsi r asffoBsLdRrARLE ude both frequency domain
paraneters and tinme dormdain pataraikrs, duldhe basis that the information

| ost in quantrsatron is different in the two cases. Possible features are

as fU ovd: ormals ion cou u rinciple, g ua a er ne
V-OI C-ed/ unvoﬂ% A&%#\re ui{alﬁlt %M‘S%EJ% h“j Z |tLtheg S| ni%e(:ttj:E gﬁlﬁ% %ﬁp 3&3 S

within a nu &eh he
spectr al energy gra ts - e% he ﬂ Werence et eve S |n

adj acent gneﬁ)@fwgmva%%agug erred 50 toin (ii |) v) spectral energy
tinme profiles - ie. the differences between the energy levels within a

nunber of respefe ratrwrawffrew@reﬁmﬁamgﬁrdqnensm@rjﬁuseeamh@e&%.mdmwabkcode
zer 0- Cr 0SSi Nghdildbeadeqiidie ienunber of zero-crossings of the speech wave form
during a givem pmtdétarthindte) i¢ levélatod iow foriatio to bé significamtber of stationary points
(maxi mum @andofri nunvaingd -iratioidsethapmeelthreshalé f or m duri ng 55 a given period
Viii) excess18t ainteonmiiate voioingit s - the di fference between (vii) and (vi).
Consi deri ng fpbssidided | npl enment ati on for each of these in turn, assumng a
sanpl i ng rat e duitfbiefragyenaiaeges fas thedwo filtpracare: dow-bang; [300Hz3HOI6GMS, b Ppints;highrhgnd,
Af i | t er spann?¥f§Hz \E0GRHE (3eb Reints, bath withgpenie ral) JFP?"P@Z]’G@G?%"‘P@! vould ag repregppted o
5000Hz ( 6% pbY fqyrdit ligaapgodes. Fhe gssignmpentiof theieratins dothe parqsmetnn g gopfingae
of the word. a’\"r’(@"’&ﬁ'@ﬁ’{ @eedepend g eney being apqys sqme appropriate thresholdievel {fiffprent for eqghy
four bits, i ftefBandly o s whi ch are then coarsely quantised, with non-Ilinear
intervals; ig §Dach gferthe eiLG | evel s will be assigned to one of (say) four
or five ngw L3pStrabEnergr 5Pvels o ont i nuous quantrty such as energy, bar- chart

coding is Used Q) dnll il BRTR oftbl b bark 3t Atfers, b 0QHz & h 80
0000 frequgffeg Qﬁ&%hm:ally spb(éd ﬁg‘ﬁ' b QL.S@NZ. E%m }b%éaig t aa m a&ﬂme out-
low 15 puts from the filters O sampled very 10 tdded linearly W? Jrly quantised for -

consi der abl e agsibAment tlphrambtbldodes. Three or i bn AiReaNaUSdrs ﬁﬁﬁdb@@uﬁ&éﬂt GegA&ented by bar-
i ntroduced, CcHartR6dingQiwdloPthrel¥itd),8¢0r di ng t he actual dynam c range of the
i nput energy | evels over sone suitable period of tine, and adjusting the

assi gnment to the paranetegg codes ggpcor di Ngdlvw JopdenPEshoddC | N speech needs
to be treated wth caution,, and should only act rather slowy. 25 i)

Voi ced - Unvoi ced Measure %e ratioof |o requency energy to -

hi gh-freg@encyenergy is used as a ®dasure intermediatey. Atwo-bit code shoul d
be adequate, ie: 00 indejermnatgy ie |eyghs too low for ratio to be
significant

Again, normalisation could be introduced, as discussed under (i) with the same caveat.

iv) Spectral Energy Gradients

The linearly coded outputs from the bank of filters is examined a second time to provide another set of

7



ES ES
30 01 unvoiced - ratio:ess than sone threshold 10 I nternmedi ate
voi cing 11 voi ced Suitable. frequeng# rﬁ@aﬁ for the two filters are:
| ow- band, 300Hz, to 1600Hz, 3db points; band 2300Hz to 5000Hz, 3db
poi nt's, both mnth entl e roII-offs The ener ﬁvels in the fjlters wou

be re resent TeRe 865 I epshf0ms perig %@Fms'ﬂﬁ i1 qf"%ft“f)s..
to thg para g‘ﬁ@?t 'f‘hl Eﬁﬂ‘ﬁg% d‘gg@f YShegoareely, 58 fdin any case
depend on on or ;%;';: 8|;e 5 w88 B'Pl ate threshold | evel

ifetet%a; .Qh nd) iii) Spectral Energy Levels Spectral
ss

(dlffereng Q ea,fc,
analysis I's qarri.___e' apg%tgrgshm filters, spanning the range 200Hz

to 5000Hz, witlhy ﬁ@mct d.taaa%mmm Fbibide, BBRE Sehubrio TBrep g thoh low
4500P¢, and m&ubnei’es mggh ) 853, offr, £, DfndR4f & ABxiGh, bh@ maylBGaentified with!h forrhdnf Wi 6w
filters are ga{fank RS ¥re nt EREER frvariaRtEeF Spbedhy THUS te ubé dfSogartithlcaly &hatdd@iers
heavi |y cisantilowe thedeQtiod e AIHBYAY by Smpléve@ighinthe 666, ASsuc EWvaiaas @ brih@4lfthe lowest for-
non-1i near | gdfth & thesampledddabl y sufficient, represented by bar- 45 chart
codi ng (two or lindgineehabthé c.‘.b)iesab@:e@ﬁwrittenonverticQQﬁipsofpaper, oridddr eavh suressivéoas tehal.
01 00 the lowest entry, otwresgpnding to the difference between the energy levels from th@ Ivlo lowest filters, is
i nt er medi at e+lHen the first formabfiill be assumed ki bglabokg thelowest filtexeHlidesthe stipdownuitibithiysew entry
i ntroducet, akhetirigicalevabig eitheiear -. Then thei firdt formant withmaw be aligped with fi slightly beipwdherasiginal
Energy G adi level.¥hichis adentadzas ip datum diesdl If e dqwastontry is ma thenét wikhelassymed thattes fistifasmant
exani ned a sbasbpiween thetwo lpwest gijar bands, ger thestrinsia teft ynchanged-f thy lowgst eptmgis 5 then it will be
parameter c oaegmedthe% figgt @"“Q"H"’EB%‘W’ tEQ)H’ﬂesb@PF Eﬁ!?" bPHlSP%H'é‘ PﬂM"f"P‘@‘f’v@ﬂ% @S strip
progreSS| ng Pill@gan of these, hey
are {hen YJualit 'T'%“é’g th@ﬁdat“'?' E z tl]?f‘ '3#' pyelly
I eveI S I ess fﬁ 8 %fo :’hm' '“ ":‘at E % ﬁ%‘e indi :rat;z
"+": differ eﬁlc mant,s 8."??'&’."& A S 38 E“ﬁtaé% Teat i

th d-
segu\e/ﬁ |C ; e&plrj g@gﬁ?’ %fl&%%reﬂ% fﬁé?ﬁaﬁgfﬁ%ﬁ%% ts%lnly %’m%i%tfﬂhgﬂaﬁiamfm \‘}o'l:ﬁuﬂ :s]%etacted
i ndi cates a mMeqhSiiilgnfHtis Wdéﬁ@ofh ﬁd?éépgécﬁ% nftlgn PorspdakE Vdrificdtibn btﬁpogélor\@réﬂ@-ﬁ
formant rati Qgnt@y@mbdRR TN a trahdattibr WHaNAGIIREOR is IRPorB @EdeRain dthdss, ahdRecdbaordk

| ogari t hm cabhers, alemspRibhbrgh bidigerithil could de@ile iMBERtab Eddkoll O De di spl ayed by
sinple realigning the coge in such.a way as to bring all the | owest for-

mant s t o fhev)spsdtral ENRY TimePaglese t hat t he codes above are witten on
vertical strips of paper, one foreach successive 10rs interval. If the

| owest entry, dostastb@enecy ondierds dgainstdiefuiensyearciss daleganeseiwithinone fomsdiyne interel, so the
from t he twoedergysadieiits integehsfjlter kmnd-cantbi eategotised Rgainst tinkeo Hera thierevard 16 dpergyaditarences,
t o be above whieh dapherspresdnted by the Sinechedindrehemeras in (i¥babave. i partial oifull voising isipeingused
at the or¥gi tearalignipespertel enerdy gradienss,as depaibad infike Arevioys sectionpthen thi prfilespgains time
al i gned wi t hegnche subjiecied fo the sgee HW)S"W%WF"@'I TRt be qenteglied Rythespedtrgl egergygradipntiafor,
datum i ne. Mtiodhe | owest entry is = then it will be assumed that the
first formant_]ies between the two |owest filter bands, and the strip is
Ieft\,unchangghze“t“fmsts'ﬁ%R?tBV\est entry is -, then it will be assumed that the
first for ma‘nt ITJh rsln%gro?wrottz}gssmoswecgut nf" at%(ed mer}qérg g 99 se?smunYed an%oodega ro-
bel ow, and t oRie e "l'@ﬂ unc'l?an ged" 2 TR PP
t hefi rstfor ‘ﬂh ssi (roughl y) ali gnedvm th thedat um | i ne
Sincethefiltgdys are, zqggg,;, mcally spaced, the position of the next

maxi mum Jndpgat edab%,ga.gssﬁ, guences [+ ,-] or [+, =-] wll indicate the
rati o of theoﬂecondtotwc.t,m i rst forrrant, and t he position of the next

maxi mum wi | | 1¢ndi cmtezo&&srnggi o of the third to the first. The realigning
of the spect r althematifym tlinibbodf 2616 E6ssings Wotldybe B (periodlin @is), and tRdIpeiiad dould be MEredsed |
Voi Ci g | S detdecréased if ded be. Soineforh afambdiingaon filterimpwanldde desiribla tetiibdodiag] eg dvatging
real i gnnesat theeiadja@ntoeides;, ar applying anffiafiler withaoefficientctaq) ni2f 1/40ar exbrople.speaker veri f
i cation purposes, no real ign- nent Is carried out. Thus in a transaction
where verif viWgglaRaete | nportant at certain stages, and recognition at
others, a sinple change of algorithmcould be made under software control.

30 V) Spect r a|the|:1_:H@p ¥1 sigtioRarynoipts; (m@gma and minima) in a fixed period would be counted and coded. The
period would be the same as for assessing the zero crossing rate, and a similar coding scheme would be used,

perhaps after smoothing, ie
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nunber of “zero crossjjygs ocgyryy ima fixed tige ggtt%rggl , mSQY 2.5nB, IS
counted and coded appro- priately eg as follows: 0 NnO zero crossings
0001 ™ 1 or 2 crossings 45 0011 3, 4 or 5 crossings 0111 6 to 11

crossi ngs 11lihexcesslStatioRargPoité 0SSi ngs The maxi mum nunber of zero crossings
woul d be § x (period In ns), and the period could be increased or decreased
i f need be. Sonksdekiigia Mdre Ediipadt pararfietétfrothitletwaidfdr, wiitch isthopefulig Meaningtul, @ maybeavoeth
codi ng, eg avensideing thesktesd fumber obstijtiaeyointssdveraero crossingi (Thy panameten wbuld vafyi frdimed to
wi t h coef fi ce@nticould bekeprdsedted dffedsnicothingasfofpwe:. vii) W ggl e Rate the nunber of
stationary points (maxinma and minina) in a fixed period would be counted
and codedfs The 55 peri od would be the sane as for assessing the zero
crossing rate, and a sim | aQo0godi ngO0sth@ne weacdss beertredla per haps after
snoothing, le 8 EP 0 3004548 Bl 08, ¢ »w Oto 2 extrema; or, 00
0to 3 extrema 001 Sg " . 01 4 to 10 5

011 7 to 12 111 0113 to Joto 12 11 11 to 20

Vil ii_gxceﬁ"s Stationary Poi nti3lto | nl3emklhg®a nore @®onpact paranmeter from
t he waveform which is hopefully nmeaningful, it may be worth considering

t he excess nu M r | ter
woul @ vary 1 orkeiie ShFn R HRlsTb il ine'eBhR kAT higfimn hefer RERALLP
follows: %5 000 0to 2 excess extrema 001 31to6 "

gtléosm bl e sel eh |20§0f g;raglt ﬁ%eeggge/ngr up Sﬁ 80 bllf %\flb(%ggt '|'on
suggest ed earl i er®hi ght 5oL, 8 tier’Pe s‘s&e}e Sndf gy
4 bits b) dNurber 6pectral ienergy lpvelst s16x2xBits,tte ie n 12 "

M i e

Voi ced - unvoi ce®heasur ¥0iced - unvoiced measure: : 2 " 35 2 "
Tot al 80 bits There is a paradox involved in the nethod of scoring
outlined earlier. Suppose that five utterance are us.ef iT forﬁbﬁg he
tenpl at e,%and that four of themare identical, while obads ¢ s,
m crofeatures in commn 40 vm'th these four Then a repetition of the
repeat ed utterarnce wi |

5

?or 0 r P of th (gf {t'qq? g
ot erance wi |1, ermpzfs o W;é ﬁ:§'" ; Buppsgel %
hav U q u al th t ese)?:u t|t t ? % s ﬁ aéﬁtﬁ%%;n
S tuat Ion 'S uttétanc& Wil beo % Hé‘h &L|8§cnt’e av%%QJaR,and Wit ¢ ated
nunmbe utterance
One way of monitoring this situation is to count the number of zeros added into the score. When this number
becomes rather low, it is an indication of a large number of matches between stored values of microfeatures
45 and values from the unknown utterance, but may nevertheless be associated with a low score. Some kind of
weighting could be applied to the actual score in this situation. Alternatively, rather than use the frequency of
occurrence as the weight to be accumulated, a monotonic function of the frequency could be used, via a look-
up table. An approximation to the square root of the frequency is suggested as a suitable function.
Another possible variation is the provision of accelerated processing. In one such option - where micro-
50 features are derived from restricted time windows - those derived from an early portion of the unknown utter-
ance can be processed to determine eg those 26% of the templates most likely to score highly. By the time
this operation has been completed, further microfeature values will have been generated and these can be
used for a final sort of the selected 25% (or a three-stage process could be adopted, depending on the proc-
essing speed and number of templates).
55 Alternatively a random selection of microfeatures may be used in a first sort, followed by one or more fur-
ther sortings. As a back-up to either of these options the normal processing could be carried out too, to apply
a correction to any action taken as a result of the accelerated result, if this proved to be incorrect.
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auf ei nander f #1. géamishtungaich Arispruelyd odérd O.dei-den dierGruppei ih ginejerste Katégorie und nachfolgende spé-
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j ede Zeit peri ode (wijriy Akl &rNﬁldMgﬁﬁgﬁQm&chMﬂrfdﬁﬁMﬁ}erﬁlleihb@igéﬂeﬁbntl’,éﬁﬁdSCheS
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