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ABSTRACT 

This pllper ciど\'cribes ihどl/IVesligllliulI ufll/(/Il/Pllìwillgρ11.';'1，ρilS 

ill 11 s/JI!ech pilι・It \I'ltell /ellglltellillg or s/wrlピlIillg 1111' pilι・It

ρω・iod， 1//(/1 is， /0 1 1'1'1・illg or misil/g jitl/山11/1'1/1(// ji-el/llel/CV 1ゲ

speeclt. Tlteωー/)erill/I'IIIII/ 1ω11/1五1'('\'ど(//e<l ///(/1 Iheρrl'ji!r(/h!e 

posifiolls I\'I'/'I' (/1 I//(' jirsl /llIlj' (ゲ， 1i!1'ρilιi! /ll'rio<l )υIμ1/('/1 
s/w/'Iel/illg， 111/(/ (//Ilte secυIId/1lIグrゲiljο/' pildl /('//glltel/il/g， Tlte 

jìl/dil/gs (山ωμどcled 10 ill/plυ1'1' /ltl' lfll(//川げ"/川悦・h sl'l/lltesis 

υ11 pilclt II/Udll/(/liulI 

1. INTRODUCTION 

Fun<Ïι\111じnwl frcLJuじncy (日J) \:01\[101 i�けnc l)f thc Illost ill1pulÏリnt
lìcius uf rc，c‘Irch [0 illlprol'c th(; naturall\l::s， uf !iynthc:tic斗1心じじh
111 orclcl' to obtnin thc 卜;1 pattcl'll 、 whiじh is cstilll，ltcd frol11 

linguistic infol'll1ation c[仁 111 a t<;xt-[O-spcじじh systじ11l， 山1
approach. In whlじ11 ι“I(じ;りuごb叫、刊tlに叫‘日川11 1)<川11‘u川11川l日川nc:tcl's 1じ l与よ 胃 LPl Jl】χ川L江11‘川1111じ[(;1 日 l 

‘礼山11'‘℃じ 己XじItc以吋d 、WI日th i川川111川1日1刊p刊3孔川t
111 this ，品1j1】lρ】roaじh唱a spcじじh wavcllmll is 11'じdictt:d i 'rllll1 、1 sct of 
ncollstlじal paralllt:rcrs al1d al1 i11lpulメ己Input

r 11 SOI11C 1 じ昌じ孔lじh， thc inpllt hω bccl1 rcplaじ以1 with ‘1 rcsicIlInl 

sigl1al scqucl1cc じorrc当pOl1dil1g ro lhc: uiffc:n':l1じC bctwc:cl1 thc 
original anu thじ rl'-sYI11hcsizcd wavdol'llls[2， 3]， in ordcr to 
il1lprovc thc narllrallH:ss of thじ rc-sY'lthc，izcu spccch. In rhis 
I1lcthod， to r口isc Fu・In othcr 1V0rcIs， to shoncn thc.: pitt:h pt:riocl， 
SOI1lC of thc n.:siclllal signal scqllenじじ is cIcletc.:u. On thc othcl 
hancl， to 10IVcr F'u， a zcro scqucncc ( who叩 l己ngth is appropriatc 
rO achievc thc desin:d pitch pc.:riocl) i， inscrtc.:d into rhc n.:sidual 

signal inυrdcr ro obtain thc ucsircd pitt:h pClloå il1 rc-syntill.:sizccI 
spccch 

Howcvcr， 川 thcsc past 1・cscal・じh dTol'ts. therc was littlc \or 110) 
じonsidcration �iven tυthc timing of dclcting thc: rcsidu�tI si日nal
seqllencc 01' insertln!! �1 ZCi"O :icqllcnじe， Tl1crc.:forc、 Jベ\vcre
11l0tivatcd to invc:stigare to hnd Ollt thc ùptimal in旨じrrion!uclc.:tion
position within a pitcl1 of spccじ11， FlIrtllCll1\Orc:. a ncw nldl10d to 
111日niplIlatc thc pitch len品th was pl・oposcd ancl uc:scl'ilコじd in this 
papCl 

2. INVESTIGATION APPROACH 

r\s thc lìl'st ;tcp of ollr invcsti日日tion. wc: V�ll'ied tl tc 

inscl.tion/dcl己tion position by 1I出ng a parnl11c:tC:l' '1 (() '1く1)
cluring thc.: F'u modlllation proじじ必，‘lnd tht:n cvalllatc:d thc: l]lIaliry 
of thc rc-synthcsizcd specじh in c‘lch じasc: by li日rc:ning. Thc 

man中1I1a1in当l】llsitiOI1 1，，， was ddincd ω 

t"， = t1"， + '1 x Pl' 

\\'hcre 

11，‘is pitch starting position， anu 
l'f' 1， pltじIt pcriod， 

Thc.: positions arc illllstratcd in Figurc 1. If tltc valuc of q is sc:t 
nc‘lr t() Zじru. thc maniplllatin月position is founu at thc bcginninド
of tÌ1じpitch.日nd if thc valllc is sじr i1C日r to ùl1C. thc maniplll司1111日
positiol1 is tOllnd 11<.:ar thc c.:nd of rhc pitch， Thc dctails ot己ach

manipllbtion arc dc沿じribccI in thc ncxt two subsc.:じtwns
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Figure 1: Th己 rc.:lntionship amol1g pitch stnrting positiol1 1"，.， 
pirch pcriυd !}μ・'J，a:1(1 nwniplllnting position t"， 

2.1. Insertion Manipulation 

八S wc I11cntionc:d in 1. Introcluction， in thc previoll詰rcscarじh，
SOI1lC zc:ros 、verc il1scrtccl into thc rcsidll礼1 for Icngthclllng 
pitch[2 j， Howc.:ver， zc.:ru 討幻i巴 叩巴♂引11�川i
巴c山nt.:ra川‘礼11じ討 1I川I1n‘川111lr，1日l山111ピお出討 l川11 the n.:-討ynthc:s出IZじd 訟叫pヲ己Cじh 、W、vhiじh じω品t11 

be 1 ο 1I川lけld 日川| メ山l) 】 l川n thc: s計11川l日Iglc.:己 11川l日mpulsc.: し I'C 五ynthc，is sys1c:Jn， 
Thc:rcforc、 tlte rc:sidllal五ignal州lICI1じC 01' thc original川\'<.:Ionn
was lIscd il1ste‘Id 01・tht: zc:ro si呂n日1 inscrtion 10 Icngthc:n pc:nùu 

(pl) afrcr /"， in this in、じポIg江tlon

， -、，、.).)\1 
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一川山・11. 1日ピ lIt1ph仁川山t !，lJrt IUIIリ1111じ リIIg11l�tJ I"l"lllU;，tl 
>ÍflWI 、 '.. :�t1 !ピ!日 、 LII'h IWI11 !。、� ::て ; ': ) :lIILÍ ..:mt、‘11/"，

Foll，，\\IIl�、，ll'l' 1l1C 、1I111111:1rV l，f lh<.: 11l;lllirnll:ltllll'- Th" íìll\\ " 
illuドrr.ll山1111 Figurc 1 \ tÍlじじ111ilku l1ull1bcr�じりnじ日l川IIU 1"じリビh
oIh�r) 

1. l�l':，iJl::I! � !).:nal ‘l �Ú:r ! 1 ." :討仁川じul‘11..:d

:;. Spc，'cl1 Slgl1‘t1s bdó1 じ1..... :11'1: ，1 iJ rorward IU1 
:hピpl"nod p 山111c: sc:c:d 1'01' Ll'ι、n:-syI111lc:sl討
Pl'l'(':，'>1I1ι Thc !ClIgll1 01' 1111.' 邑liJ siι11:11 
�l"lLllじ11ピじ I!魯 じqual 10 lhc onkr llf Ihc L1'ι 
pm以出il1g (1\ι) 
ト�L'目、v川'cl'orll1 is cSlim品lcd 1'1'0111 Ihc slid úri巴ill:d
，pc:..:dl出品11:11 Sèl]lIènじじ， LPC par川nctcrs 01' 1l1c 
pildl、リIId 1l1è I'csidll‘tI sCqllclICC辻仁じordin邑lú lhじ
LJ>C rc-sYlIlhcsis calclllatiol1 

、
Ui ...:..: 1"， + hj八_Y'-J

J�I 
(i = 1，..<， 1 ，... -1- 1.1，‘ 十三

\\'hl.'rc 

1'，1'、l己目idllal引gnal al 1 = i 
Xiぉ111じけrllCIリf LI'C‘ 
11，川)-lh LPC p:lramclcl山lu..:，日nd
d， ;� sjjdリIl芸Inal �pじじじh ，1長1l:t1

1.1，‘ -.\' <1.ー) 111 

prclÌiじlcιi w:t\'d山111 (1.， ‘ 1) 

4. TilじdifTclじnじじbclWl!Cn 111じ山Ig1naJ \\'川、:!tHlll
:lnu lhl! cSlill1al..:d únL! isじ:ttじ1I1川じd. Thc poin1 
\':itÌ1 thじl11inil11ul11 di1ìì.:rcnじじ IS th� lransf�rrll1g 
po主ition lì'oll1 1l1c cslil11alCd signal to thc úrigin:t1 
討l与n:ll.

2.2. DeJetiol1 ManiI】ulation

In ordcl' to shúrtcJ1 thc pitch pcriod，日p::lrt úf lhc rcsidllal sign日l
scqucllcc w:ts dclct..:d in this illwsligatiol1. In this I11Clhod， 
SOtnc rcsidl!:11 signals arc dclclcd fúr shonω川c引n川11川11川11旦lc1ωn旦th (pん、)
山r 1リhじ l1l刊川川1.川a川l日l川孔川川lリ"日1日山山t1川11叩 pos幻叩引it川tion /."，. Thl!l1. I1C\\' \\引Cl01・l1l IS 
prcdict�d according 10 thc prcccdinιW:lVctorm， lhじrcsidl1:江11
5剖l惚叩E引113' 出cqμ11にCI1じc ‘礼lけげfl‘h:r 1h 己 dckじ:t代tじ:d ún じ， '日川tI川l日1(l lhじ LPC P】‘ 11':'山.11川n川11じlωtじ:rs

E弘島ル yド ' 1恥V;.川i日咋i
;司「巳U ‘ ー111じじthc rcsidll川昌Cl]l1C1H':C loc礼lじd 日( lhc pitch bOllnd日ry.
\\'hi�'h山l川11， 11111じh inlorl11aliol1， is dcklcd with thじ 山】rtじ111叩
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Tablc 1: Sl'l、じじ11 ;IJ1l'iblltcS 
川II1l'lin日

Ir..:q 
talkC:1 

Il、kH?

Il1alc. l1nl'lりti.:ssiりn:t1n:11l日lけr
・‘koohiil1i 111irl11、1Iυ irèll1:tslIka・円
([)o you I1c..:d ll1ill、rl)r èolli.:..:'.') 

!日出おじに

U11l'l日I1\:C
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rable 2しp( ‘111:t1、'sis <:OIIdi1 iOI1討
リrdl....; !(、

山ilh.h�\\' kn呂th :2 1川じh::�:
、'.-imlm\ピじl1:己l じじI� 1じリl' :hc pi:じh
\\ïIHILl凶1ypじ IJbd、ìliλIi

ll1:tnipulatioB. Thcrcforè. in lhis invcstig:ttiol1， thl! m::nipllbil1ι 
pu引11<)11 \\'as !\cr川1"， 一/，バ/，2. Th..:n thc rcsiuual討l巴11:11s rrol11 
lhis pu引tiun for /).< \\':lS uck:lcd. CÙl1s..:quc:ntly lhL! c:rrcじl ùr 
.:li111in:lting thc rcsiul1al at lhc pilChじnu. W‘IS c:\p.:じlじd 10 b.: 
芯l1PJlIじr、.:d.

3. EXPERIMENTS 

3.1. Speech Data 

。n..: spècch s:llnplc was l1S":Ù for lhじ nWl1iJll1lalio11 01' lh.: pitch 
p..:riod. 12aじh pilch \\勺， bÚl111dcu at lhじれ1dùcn dc只じじn1 PO，;ItJ()11S 
úf th.: 121じClm心10(l-Gnljヲh (12GG)幻邑11al whiじh \\'as alla仁hèd III 
lhじ \\'nvcfúr111 dalal4). ROl1ghly spcaki11g， thc bÚlll1darics \\'cr.: 
lúじawd at thc positiolls of lh己l 己sidl1al討Ig.n日1 Wilh lhc l11axi11111111 
<ll1lplitu(k. Cúmparl!cl 10 thcじlìG引起l1al. :1 >P己じじh引呂n日1 ù.:lays 
Ul1l' 1い 1hピ prL1lxI与ation llr SIヲじじじh �川und 11'::、c: froll1 lip討 Th.: 
:1111・ibutcs 01' th..: a11:1I}￥c:d/r.:-synthè話iz..:d sp..:cじh :tn: shOll'1l i11 
1、'ablr 1 

3.2. Speech Analysis 1'001 and Analysis 
Parameters 

As an sJlccch nnalysis tool; thc Spccch Signal PI・occsslng
Toolkil[5] was l1SCÙ. Thc conùilio115 of lhc LPC :lIlalysis arc 
5ho\\'11 i11 Tablr 2. 

3.3. Manipulation Procedure of Lellgthen
ing/Shortening Pitch Period 

Manipulntiún was 1日l'1'onncd 011 all pirじh 1】山ーiúds üf lhc sp.:じじh
$1ι11al， or frol11 -f)(l s:lmplcs 10十�)11 saml】il:s i11 j() s:lllìJlIω 
stCJls. Th.: mnnipl1lalion じorrèspondcd 10 th� J'�I mudiliじallllll
1'1'0111十J :2Ul-Izlú -'10Hz aJlproximalcly 1'01' thc l1scd sJlじじじh. Thl.! 
clllrat i011 úf cach 1じ-sY11thcsizcd spccじh wa只じh日I1gcd dCpl.!l1di11日
Ú11 whじlhèr Icllglhじ11ing 01' sho1'tc11ing. Thじ 111日1111孔d‘ltJng
positions w..:n: localcd :tt '/ニ0.:2. (I.:�. . ・ ' . 0 吋 .
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Th.: n:ーザIIllu:siz..:d \V�lwforllls ill this r.:s\ぷtn: h ar.: acccssi出d
throllgll thc interm:t ，itじ

hnp:!八\'\vw.an.:aJia・じ0・jp/lhilはi/i..:slp:2()()()'

T引l川thω川川Oω山此…l山肌川討山川i山仰l
Ih、U山J汀ir ot口I恥f..:じ山:汀n日川11巴 Ih己 sp】じUじh d�品川i川la日1\山W、VI川th th..: じ(υì('心j 訓巴naけ 1. . 

Thc invcsligntion 01' thc l1laniplllatin邑flO出tion in a sfl..:..:ch pirch 
for Fu 11l0dlllntion wω，，:xcclItcd. ルlany I1lnnifllllat川g poslrlons 
for inscrtion/dclction wcrc tried Ollt clllring tlu: rc-synthesizilll 
proccss which \l"crc nflpliccl to t11l.: sp巴cch wnvcfnnn byωna 
LPC paral1lctcrs and thc 11l0diticcl rcsiclllal signal scqllcncc. Thc 
rcslllts llf thc cxp.:ril1lcl1ts rcvcnlcd that thc prcfcrablc pOSltl叩
wc印at thc白川l川f of thc pitch pcriod for pi帥古川rtcning ( l'o 
raisingl， nnd nt thc sccond h日If of it for pitch Icngthcning (/'à 
lo\Vcring). Thc fìndings arc schl::dlllcd to bc clIlploycd inro I 
spcじch synrhcsis旨ystcm

7900 
TIME (1/16000 sec) 

RE-SYNTHESIZED SPEECH 

SA民.1PLES

ACKNO、VLEDGElVlENT

use 
of org. 
wav. 

CONCLUSIONS 

use of estimated wav. 

Figurc 2: 1I111日r�l[iul' ，，!"th..: pi�ch kn呂Ihcninζ11l.lI1iplllalioll
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Thc listcnin日tcst that cvalllatcd th..: qllality 01' thc 1-しl110cllllatccl
spc..:じh rcvcalcd lhal n larg..: (/ for in，crtion maniplIlation and 
a sl1lall (J for dclctilln wじrc prcfcrablc. n:spcじtivcly. Thcsc 
tcndcncics \、..:rc intcnsilicd by thc incrcasc of thc 111日nifllllatin日
l己ngrh in both cascs. Th己 d..:grnlbrion 01' thc l1laniplllation 
of dclctiりn was日r..:at..:r than that ，)1' thc l1laniplllatiulI ùf th巴
In討crtiOn 

Th..: rcason why a sl1lallcr q was prc!crrcd in Ihc l1laniplllation 

01" d..:h.:tion is that tl1<': locnl l1laxil11l1l1l of th..: rcsidll山1 signnl， 
which was 1"01Ighlyじon・，，:sflonding wirh th..: pitch cnds， \Vollld 
bc dd:l":cI if thc valll": of (/ wa討!argc. In othcr words， th..: 

dじIction 01' th..: n:当idllal sigllal arollnd th..: CI1<.I of lhじpltじh Illight 
じ:lllS": th..: JcgradatioJl l)f rc-sYJlth.:ぉiZl.!d spc..:ch as d.:scrib..:ι1 iJl 
2.2. J.)clrtion i\lanipulatil川

。11 lhl.! olhじr h山Jld. lh..: 1 山ISOI1 why largl.!r (/ wω pn.: tárL'd in 
th..:じast.: of h.:Jlgthじ11111呂thじJ111ピh J1L:riùd SI.!":Il1S Ih礼1 th..: l'ωid(lal 
出品Jlal h‘凶IIIリl己íJltolïnatlùll、whiじh ..:、IJl't b..:ιbcribçd by LPC 
paralll":lcrs. 川 lh..: Jil川 hユIf ùJ" thl.! J1ilch J1じríod tl l.1J1 Ih..: おじcùJld
halt"ofit. TII":Iじfor..:. i J" Ihじ10じalioJl o!" ll1aniplll‘It 1011 IS刈t il1 Ihc 

忌じ仁ond halfofthç pitじh (Ihλ1 IS， (/1当Iargç). Ihc dllplicat..:d I'csidual 

dùl.!sn・t ha\"..: 111l1\.:h inforll1arilJJl il出.:11". δo th己 rl.!-syl1th己主iz..:J

旨J1ccじh lI'ouldn'l g..:t grcat dama日U

RESULTS AND DISCUSSIONS 

use of 
org. wav. 
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