
ABSTRACT 

s’p~ch c~dcrs that. are optir11izcd to t.hc: chiira(Wrist its 
of a particular set. of speakers will outpcrforrn ii s;1~~11 
coder whicI1 cat,crs for all speakers; provitli11g I 11at 1.11~ 
sl)(Atcr 11si11g it. is one of that partic.ular sel.. ‘l‘his I)iil)('l 

dcscribc5 Iiow spc>cc:h coders t,hat are opl.iri1izc~tl 1.0 (li- 
Lher m;il(~ or fciiial(~ speccli can bc an in1~~rovc~n1~~r11.0~1 
urioptimiscd coders. Thcsc: iiiiprovemc11t.s arc I)il-ri1l.c 

rcducCo11, speech quality and robustness. A rc~li;ll,lc 
gender idciit,ifier is described, which wouItl IW I)riicl.ic.al 
for t,he iiiost. dcmatiding applications, acl1ic~Vil1g 95% 

accuracy after I second of speech. ‘flie iriil)ro\;t~lilc,lil,s 

in t,crnls of gciider specific speecli codirig arc sl1ow11 in 
I,SF q11antisat.ion with bii,-saving. and pit.di clcWdioii 
wit,11 hot h bit-saving and robustnc:ss. 

1. INTRODUCTION 

The current. speech coding standards have all IWII tlcx- 
signed to work cITcctively for as wide a rar1gc of speakers 

as possible. Naturally sorne coders pcrforin b(~tt.(~r for 
some types of speakers than others, for exa111plc it. is 
known tl1a.t Mandari11 speech [3] perfor111s well iI1 I,SF 
quantisation t,csts. If a speech coder is optSimizcd l,o- 
wards a particular set of speakers, then its pc,rformnncc 
should be grcatcr than that of a coder opti111ized for 

all speakers; providing it is only used with that set, of 
speakers. One problem with speaker specific coding is 
that the t,ypc of speaker must be identified i11 some way. 
In typical niobile applications only a few seconds of 
speech may he available to rnakc such a11 identifitrat ior1. 
The only practical selection that wo111d be possibl(i is 
the binary decision of gender (more specifically l1igh 
and low pibch speakers). Gender ident.ification cau be 
reliably carried out after a short burst of voiced spcccl~ 
using just a pitch estimator [‘L]. The robustness and 

accuracy of t.he pitch detector will have so1ne bcari11g 
on t.he performance of the identifier. 

Pitcl1 and LSF quantisation have been chosen to 
demonstrate the advarltages of gender specific codi11g. 

‘I’ll(~ raiigc> of pitch valuc~s is smaller for a particula1 

gc>ndcr than it is for both genders. this be utilized to 
provide bit-rate reduction. or 111orc rclincd estimation 
(~ul~-san~pl~~ cst.imat(~s for c3;31nplc). ‘J’he pit.& detcc- 
l,or will IW 111orc rob11sl. if 1.l~ raiigc of pit.cl1 values is 
c~o11~l.r;i.i11(~(1. Sp~~li c.otl(7s wl1ic.h rely 011 i3 rc~liablc~ 
pikli c5t.illliil~c for ;lllill?‘SiS will gilill I)v this csl.r;r ro- 

I)llsl.llc:ss. so overall sl)c(‘(‘li (IIlii.lit.~ (‘il.11 iiiipro\*c 131: 

~~llitlll~iSi~l.i~ll Wit’ CIIOSC~II for gentler specific: coding foi 
I.wo mwoiis: (1) I,SF c~llil1ltisati0ll exists iii iIlost lliod- 

m-n spcc:cl~ coders [ 11: . so ail!; i11iprove11ients hcrc will IW 
rclcvarit to inany applications; (2) ISI’s reprcscnt, the 
I.crrf Ijoral aspect of sp~cli. which has a cc~rtsin amount. 
of spcxakcr dcpendcncy, so thcb clistribut.ion of I,SFs will 

diIfi>r between male a.1~1 fcmalc speakers. 

2. SPEECH DATABASE 

‘I’l~e SINCYII tlatabaso wl1icl1 wits used in all of tl1e exper- 

i111c11ts was the Subscril)c:r dat,abasc [I]. The gender of 
t,he spcak<:r for each SIWKII file is known. ‘I‘a.l)lc I out.- 
liiic5 I.lit: use of the speech tlal.al~asc~. ‘I’lic training aiitl 

1 Nurribcr of 1 Total 
speakers speecli/inins 

Pitch training 200 100 
T’itc+ tcst.ing ‘200 100 
l;SI: trailling 400 200 
ISI: testing 1 200 i 100 

I 

‘I’ablc I : USC of speech database 

tcstir1g sets are independent. The spccc11 files vary in 

length. but there is an avcragr of 30 seconds of speech 
per speaker. There are the same number of male and 
fc1nale speakers. 



t’igurc I : I>istrit)ul.ion of pit,ch estinliil(3 for malr and 
frma.lc spcakcrs. 

3.2. Identification from Pitch Statistics 

Averitgir~g conktent. pit;ch estimat,t:s o\;cr a number of 
fratiics is enough for ndcquatc gelidc%r identification in 
1.l~ tlc~scriI)ed applications. Hy t,aking t.tlc avc’rage pitcll 
over IO c-o&tent frames (2Oms loug fraincs) and using 
a. simple, I.hreshotd decision around 95% accuracy can 
IX, acAiic>ved. Figure 2 shows the dist.ribut.ion of average 

piL& scores for 200 different. speakers over 10 voiced 
frames of speech. 

By t,aking a threshoid of 41 samples (i.e. malt 
speech avcragcs over 4 1 samples, olhcrwise female), lhe 
following accuracy results were achieved:- 

J:igurc 2: IM,ribul,ion of mean pitch estimates for rnalc 
and fcmalc spcakcrs. 

‘I’his accuracy ham proved adequat.e for t.tle purt)osi”s 
of pitch del,ctct,ion and LSF quantisation illlprovc!lnetll,s. 

4. IMPR.OVED LSF QUANTISATION 

LSF quantisers trained on a particular gcndcr should 
perform l)ctl.c:r wiLh I,llal, gcndcr t.han LSJ?s lrainetl 

wilh t)ol.tl genders. ‘I’hrcc sets of LSFs were trilin(~O 
using male, female, and t)oth sets of speakers. ‘J‘l~c 1~ 
speech w,a.s independenl, of l.tic t,raining speech. 

4.1. Vector Quantisatiou Tcxlmiquos 

Two mef.hods of J,SF vector quantisat.ion wcr(’ t,ric$(l. 

a s(,raight.forward l.O-dilnension VQ and a 1-3-3 splil 
VQ (similar to [3]). 130th wcrc Lrained using 1.11~ l,l3(; 
algorithm with a Euclidcan dist.ance met,ric. For t,ti(‘ 
IO-dimension VQ: codehooks from 5 bits to 12 1jit.s 
were generabed. For t,he split. VQ each codebook from 2 
bits 1.0 7 bi1.s wcrc generated: producing t.ot,al codcl~ook 
sizes ranging frolri fi bits Lo 21 bits. 

4.2. R.osults 

The performance of the VQ is tc:si,t:d by nieasuring il,s 

Log Spectral J)ist,ort,ion (LSD! equation I ) for cacli of 

the codehooks. 

LSD = 1 JJ 7i ~[lOlOgl,s(w) - lolog,os’(w)] (1) 
0 



~vhcre .\‘(,I) is t,hc unquanlised I,P(‘y power sp~t,ru~n. 
and S’(G) is t hex quantAed LPC power q~c‘l.ru~t~. 

Figures 3 and 1 compare Ihe performance of c-odr- 
books traid on a specific gender t.0 one t.raincd on 

t10t.h gcnclt~rs. ‘I‘he graphs show how LSD varif3 wiI.tl 

c-rx~~l~ok six It is c.lc;tr t,hat there is a significanl. iln- 

1)ro\~(7~if~nI ill using a gcllcler specific cTodc~book. For ii 
=;i\;(~ t,Sl) t~(~t a.roulld 2 bits (:a11 lx? sa\:Nl for irtate 
~ptak~rs. ;t~~d 2.5 t,it,s for fclliate spcakcrs. 

I’igurcs 5 illld tj stiow l,tlc performnnc:c~ of t,he split, 
\;Q. II. (‘an lxx WWI it. is not as good as ihe lO-dilllension 

VQ. F~niate speech only showing 1.5 t)ils improvc~tlic~nt. 
a.ntl malt sp~ch harely makes any diIf(~rcncc. 

mde 
42; ,--1 

I 1 

Figure 4: ( ‘0Iriparing a female specific VQ wilt) a gen- 
eral one. 

I’igure 5: (bmparing a malt specific. splil. VQ wit,ti a 
gcncral enc. 

Figure 6: Colnparing a female specific split VQ with a 
general one. 

5. R.Ol3UST PITCH DETECTION 

‘1’1~~ robustness of pitch det.ection can be improvc:tl if 
the range and possible pibzh values is constrairled. 13~. 
using the gender of t,he speaker it, is possit)lc LO WI. 

a more constxained range of pit.4 values. Froni t,tie 
graph in Figure 1 it can he shown t.tliL1 rllidc pil.ctl Ix- 
riods occur mainly txt.wccn 36 and 95 sarrlplcs. and 

female pitch between 20 and 58 sanlples. Cons~rnining 
pit,ch searches will reduce the chance of pitch halving 
and doubling, and may speed up the pil,ch dct.ection 
process, as the scar& is smaller. 

One hit. saving can hc achieved with t,he scheme 
shown in lable 2. 

Female speakers can also benefit from subsample 
resolution. Figure i shows how conslxaining malt pit.ch 



det.ecCon improves robustrlcss 

Figure 7: Cousl.raiued and Illlcorlst.r;tincd pit,ctl tracks 
for SOIIIC male specc‘ti. 

6. APPLICATIONS 

Figure 8 shows how the gender ident,ificr would be added 
as a front, end t,o a speec:l~ coder. The gcndcr identifier 
out.put.bing a flag t,o the cod(ar’s pitch dctecl,or and I,SI: 
quant,isc>r. Ttle coder will aIs<] Iransnlit, this flag t,o the 

decoder in some way. It, would not. 1~: part,icularly ef- 
ficient to transmit this Ilit every frame, so a rescrvcd 
codehook entry in one of t,hc paramet.crs which could 
be t.ransmitt.cd in a silence frame would be a rnore effl- 
cient. solution. ‘I’hc s&up shown assumes the gender of 

~lle speaker wilt not, cha.nge t.hroughout. the use of t,hc 
coder; this may not, be be case iu some applications. ICi- 
ther a user-controlled reset, could be implemented or an 
aut.ornaGc syst.em, where after a pre-defined amount of 
noll-st)eec:tl activity occurs a reset, can be done. Other 
speech coder specific parameters may also t>enctJit from 
gender spt,cific quantisat ion, such as t.hc harmonic am- 
pli~udos in Ml3E coders. Overall bit. allocaLion may be 
altert>d on a gender dependent, basis, for example one 
bit. less for female piIch than male pilch. 

Figiirc, 8: Comhirling gender itl(xlitificr wil.ti a. sp(~(~(:tl 
cotter. 

7. CONC:LUSIONS 

‘l‘tl(: rcsul1.s in Ltiis ppcr illdicidc~ I.tiitl 1)). l.ti(\ ;It)l)lic,;i- 

t,ioii of gender specific. quntll.izitt iorl o!‘ t,SI: illl<l I)irf.ll 
paramcbers, irnprovolnc~uts in cotlillg c4Jic~iotlc.!. C;III I)! 

gaiued. The gains iu pit,ch dct.c~.r ioll rol)us1.11css C’;~II 
Iiavc: also improve ana.tysis in ot.tic~r 11ar1.s of 1.11~ S~)VCY~II 
coder. The gender idolltificxr (‘XII IN\ IIIij<I(’ i11to il sillll)Ic 

front.-end t,o most, speech c4(,rs wit.11 \.ory lil.t.te t,r<> 
c.cssing overhead. Rc4iablt~ idcllt ific:al.iorl C~II I)(, III;I.C~C~ 

aft.er just. a second of speech. so it is l)ra.cI i(.al for iiiol)iI(~ 
appticaLioiis. 
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