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Voice texture manipulation through
constituent component phase control
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Common understanding, “phase deaf,” in our auditory perception is valid as first order ap-
proximation. However, it is possible to add delicate timbre, voice texture in other words, by
manipulating relative phase of constituent components, when listening using headphones or
under so-called near field listening conditions. This article introduces a specialized interface
to control amplitude, frequency and phase in re-synthesis stage of TANDEM-STRAIGHT

system as an interesting extension.

1. FUL®HIC

EENLZHTOMAAHIZ XD, FMEI NS E0N
WERZZIT 5 Z L, HMIROMTIRIA AL T
2V~0) oz, BlAE, AREERED TAX
&y BT 272 0DFRE LT, THEOTEBARK
> ZF & STRAIGHT? THIHE L Tw3, LaL,
—fRI I TR E ISR L e\ T EDERRE o
TED, BTOIEHHIED WD),

1 AILRES 27 L T
Faculty of Systems Engineering, Wakayama University
12 7Y 7 v RS R MR v 8
CNBH, Cambridge University
13 SZATEERSA S AR
College of Information Science and Engineering, Rit-
sumeikan University
T4 IR T
Department of Information Engineering, Meijo Univer-
sity
15 HER =R
Kyoto City University of Arts
16 HUERRERABEE AT LR
Graduate School of Informatics, Kyoto University

ORI, TaRMErD L. BEEFEDOIRE
NTI, HEOEDEHE R L FE-FEOTHICLD,
BEAE COEFICE FN 2RO, 12IET v
T2 AL AENTVE, ZDd, JTLORBS DM
BRI TLEY, ZOMEEE L L LIFTER
W, VEVZETOFREEE TS, FRRICE M
TV RENTLE I,

L»L, "y F74 V=T 74— VYRV
B COZEOY LI, ZORMEZEZIO>DOH S, #
o DRPETIE, ORI X 25 nZ{ti,
I S5, 22T, MG S N EEz
AWT, FTof#zEIThEZL L6700
AT LIZOWTHNAT 5.

FEY AT LIF, STRAIGHT ZHERLL 7
TANDEM-STRAIGHT® D&Y %9k L T HH
INTWE, BRI, 2OVR ST X BIRAEK

TRV ADRDDIZ, AM & FM Z&bEAeE
I D57 DURIME -+ T - AAH &2 BRI E
52T, BHLICHHEPHARING, ZOTESA
T LTl — D W & 2> 2 WA I BB % F TGy



L2

DIRIEZFEL TS, HNAHZ, cos (A, sin HzAf,
TR, 5 v 4 LM, Schroeder f7AHY®), /N
D R EICBETE LIk D, MBI N B H I
I DFEWHEL S, Lerd, 206 D% Hk
ICE—7 4> 7522 LbTHETHLY, FED
H&IZIE, TOFELATLT, O Tfiihy &T
HERRTAREFOOP DN 21— a v 2k
Rl CIHE 72\,

2. TANDEM-STRAIGHT DiiiE

%3, TANDEM-STRAIGHT DOfZE# A L,
2, KERDRA v b TH D EHET DIRFRF I
WCHIHT 5,

2.1 TANDEM-STRAIGHT

TANDEM-STRAIGHT %, #4212 VOCODER'?

ThD, HiEl, BEERE 7 4 Ly EBRICOEES 1,
BRI N5, BEiERE, ArE0EERRS T
2 MRS &, 2N DS O BRI Y & 2 S RERL S
Tw3,
TANDEM-STRAIGHT TiZ, D% Ae
b¥ 2 LT, WEMERD RS IC X 2T % PR
L7z S» 7 4 VP RiERIE L T %, gL
BT, AR O 1/2 OfEZ R T CGGHR S 8
T— AR FIVONGDRD NG, TN KD,
PSR (R R 9 %IRRT 1 ) RSN S B 23 & S
218 ROWILTIE, AREESTIT FOISHEIE L 72
Bk R ORIE M TbIL S, ZOMEIZ LD, EoT
W7 B 1 O BN A BN £ S 415, consistent
sampling'® D# 2 HITHI VLT, FREMLETDOL N
W ERET % 720 ORI % A R 7 PV LT
ZEIck D, WISIEADMEEIS G S H> 72 R
BFEHTH 5 STRAIGHT AX7 bV Prgr(w,t) 5%
RKdohd, 5B, Prer(w,t) &, 87 —DRi%
R0,

2.2 PRS2 OHLR - iRIEDHITE

TED S AT LDEHEREDTIX, 74 VF DM
HA VSNV RIBEZR RO TV, PELETES AT
LTIE, 20 STRAIGHT A X7 F L ZHWT, H
BHEFE ORI OIRIEZRE ST 5. 22T, fi
Hin7-0, MRS 2EEE T, Pror(w,t) 1%, A
WGy D87 — 27 bV (Elfg) DAZRLTHS
ERELTEL.

O os(t) 1, XATRSNB,

:§:aungn</quMA+wdﬂ>(U

k=1

Av¥ 737 av 2011

ZIT, NIBBRTDEEZRT. we(t) =2nfi(t) I3
k%ﬁ@ﬁﬁ@%ﬁ%ﬂﬁﬁ%%tf%@ ﬁﬂ@A

DAL, HA (BER) BB fo(t) D k5L %
%. F72, an(t) 13 k FHOFBRST O BRHRIF T H
D, XAk hikooNn 3,

P(kwo(t),t) (2)

2.3 AR ORI : 8D HIE

K 1 OOHIE o (t) 1, cos BitH, sin fifH, 288
fifH, 7 v & AIMHOBAIE, UNIORT X 9L,
RIS L 22 WIERDHIC 72 5,

o cos it : pr(t) = 7/2

o sin fiffl : ¢ (t) =0

o XEMM:k DE&HTICIEL T or(t) = 7/2 &

or(t) = 0 ZZZHITHE

o TVHLAIE: o (t) Dti% (0,27) DXHT—HE

9349 B EE 2 o TEOGE
I, EBHTH LD, PHINMHE LTRET
UL L\,

Schroeder fiifli, #k 10) TH 2 & N7 HEEIC
X DEI NS, Schroeder fitfls, Koy DIRIEIE-
ZoNTE JL, GRINWBoe—r 77058 (%
TEORKAE &/ MED ) ZRIMET 2. BRI
RIS LD n HHDORITDOAM ¢, ZIRET 5.

ak (t) =

n=01—21Y (n—)p (3)

af

ijﬂ ai
CITHwOHNTWS ap 1F, X2 THRESINHD
Th5.

R/IMiItHlZ, TANDEM-STRAIGHT & Z OHiH
Tdh % STRAIGHT THw 6N TWwE, &5 D
#l () 12, DT X 912 STRAIGHT 2 <72 b L
Prsr(w,t) 963K 7 cepstrum ThH 5 C(q,t) ZH\>
THIFE cepstrum TH 5 ¢(q,t) Z1EH, ZDifi Fourier
EHDOBEE LTRD SN2,

(4)

b=

Pr(1) = S(Smpki, 1) )
S = [ cavema )
2C(gq,t) (¢>0)
c(a:t) =4 Clgt) (¢=0) (7)
0 (¢<0)

Clq,t) = /Oolog(PTST(w,t))e_jwqdw (8)



AT DHIEIC & D EONUL Y 242 %

Z I T ql%, quefrency 2FE L, KO R,
B, X6 DEEDOIRED 21 TR 4n L5 T
2D1%, FHIRZRD 27-:0TH 5. (exp(Smp(w,t))
2%, Prsr(w,t) WIZHIRT 5 E/AMEAEA v 2O R )
2.4 PFEHIRS OHLR : WEEE

By o, b9 —>0HHER LT

M ENDEITHEDOEHYTH 5. MWT@EE#%@%
WO ZHHE L T, RECRERSY & FERIRSY
ERIZIRD 3% 2 & ¢, BERECIIAAE T%oh
B R DS L2 T E 2R H 5. H D
Wi, EATHR I NS AR Z F—ICT 570
i, BEET 2 2 DO 2 AL E LT, Z DT
DIRAEEICD E DO TEAIHRY 71 5%, X B
ERERHVLEIEBHTES,

2.5 FRREEST\DILE

PEARICE, X1 DR OJHBEE wi (t) DFREICE W
T kwo(t) &V IOz, CDELE, Prsr(w,t)
74 NVIRERRET LD EMBRT 20, E5D

NI —DRHERETDLHDEBRT 2012k -> T,
DD X ap(t) DEED R S,
o 7 LYY L BIRT 2854,

ar(t) = v/ P(wk(t),t) 9)

o NT—RHEBET %D LMY 254

ar(t) = argmin/|R(w,t)|2dw (10)
PRETBIB R(w, t) 13, KA TERS NS,

/‘Ejéw—mﬂ%—PmﬂAﬂM (11)

ZIT, d(w) FTVyBBELRT.

2.6 % =

?%VX?iWiIANDEMSTRAKHH?&ﬂﬁ:,
BleRfiE BH DEEETH % Matlab % Fv >3k
LT\ %, TANDEM-STRAIGHT D EEE(ETIZ
ﬁu5nm%%?E%ém%7v—A%’ﬁbn%
BRGT DBERE R wi (t) EOIAH i (8) 1F, 7 L — LM
N BT BAEICIED AT, AR B (R X
N7AlDRO o N5, PHEEESTOEHEIE, BB
BIE 7 wo(t) ZWVT, kwo(t) & LTk BHDKS
DR EEE RO 51 5, K1 ORESICIE, Matlab
D RREMBEE (cumsum) %\ 7z,

3. ¥ E

TR, ¥OoOrDOEMNT, v AT LDOEEH Z R
7. E11ig, Ba»ERIBEOEADKIZOWH %2R,

sin phase, p-p:1.4848
1 1

cos phase, p-p:1.2481

0.5 0.5

-0.5] -0.5]

0 0.005 0.01 0.015 0.02 0.025 0 0.005 0.01 0.015 0.02 0.025
time (s) time (s)

alt phase, p-p:1.0166
1 1

0.5 0.5

-0.5] -0.5

schroeder phase, p-p:0.58196

0 0005 001 0015 0.02 0.025 0 0.005 001 0015 002 0.025
time (s) time (s)

1 BRI X 2 0E >

Fig.1 Waveform with different initial phase conditions
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