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(Voice personality transformation using an
orthogonal vector space conversion.)

FRAY FNEFE*, FRRBR®
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Abstract

A voice personality transformation algorithm using orthogonal vector space conversion is
proposed in this paper. Voice personality transformation is the process of changing one
person’s acoustic features (source) to those of another person (target). In this paper,
personality transformation is achieved by changing the LPC cepstrum coefficients, excitation
spectrum and pitch contour. An orthogonal vector space conversion technique is proposed to
transform the LPC cepstrum coefficients. The LPC cepstrum transformation is implemented by
principle component decomposition by applying the Karhunen-Loéve transformation and
minimum mean-square error coordinate transformation(MSECT). Additionally, we propose a
pitch contour modification method to transform the prosodic characteristics of any speaker. To
do this, reference pitch patterns for source and target speaker are firstly built up. and
mapping rule is estimated. These are used to convert source speaker’s pitch pattern to target
speaker’s one. The experimental results show the effectiveness of the proposed algorithm in
both subjective and objective evaluations.
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1. Blockdiagram of the proposed voice
transformation system.
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Fig. 2. Graphical explanation of the vocal
tract transformation.
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=
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I 71A HE Aol dAA o)Ak I;f wEweR
FA=e] Q7] dFelrt, ey Ayl Aale] a2
W 288 22(0.01) THAE e 16 UEE A
2ale Ao & A(5E FTHFE LPC A2EY
Ealo] AAEYT] Fol7l A ¢8-S & & U
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71 918 dd 3xpe} LPC AxEF e of & Akt 3§
g 2f EaEle, dr)A Qoix WS A
3y gl Z¥she whe AHslalch 23 33
A2 qle] A wejol s, Al WP 14 Hel S
Ftd o3 39 o] #WelZt A (orthogonality)
<€ fABIEA iy wElsE Fge] ouRE Ze w
oz g} A =t 0)F LPC A W)
Agald, zh 2f WE7) A2 2lasida 3o o
22 zZh= e Wge g EA%S o 5 )
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Fig. 3.
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Relation between signal distribution
and its eigenvector.
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ot 0.010149] oUAE Ze Al 8 4% 3d
of ¥ 83 M4 Apeln 7Y, AP 2
Foll ct2d LPC A2EF Ao A9 oF 15 2
ol T WElel WY ASE o 112] LA
& % slsih

Energy
8

12 [
-
08 [\ o

[ =LPC cepstrum =KL cosfficient

04 | R
Speaker-1
0

16
12
08 |

o4} N

0

12

oal--

-]

32| 4. LPC B2e Alel W3 A4 ¢z
X

Fig. 4. Energy distributions of LPC ceps-
trum and transform coefficients.
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31 A NHe] dlaio] Bash slo] wEkA AR
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3. AlY g =4

#HA9 LPC A2Ey Al I 54 S
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23 o] FoiAn] WA A FAdlA] Pojxict
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& &4 del=RE WA LPCEH WHde 3o
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44 st AT F A g S
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1A BFIBEWXE £33 % BR £ 18
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& 4 itk
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AN AN

a - x.',” i
o : Wl o= e . 1smsM.
an; ** aNN  AnN+l XN bn 1<m (12)
AN+ T AN4IN ANHINS] XN+1 bR+
No . . ’
anm=_2lSi(SI. . 1<k<N, 1<n<N.
=
N, .
AN+ T AN+ j;lsfl , 1<n<N.
an+in+1 = N
X0 =hpm, 1<n<N , 1<m<M.
xN+1=om
b= 3 tusa 1sn<N , 1<m<M,
m Nl j
bN+l=j;1t=n
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A (12)9) @t A AR AS nnont obe)
Q4o oA,

Xn=A""b, , 1<m<M. (13)

sle] AlF §W Al o 4E5 Na, NE AR
& Al Jeix) JBe elA AAR st o]
KLA® A% Aol mie} 0o] v olo] oz} 2}
4z 2R FHA S Sk e AN A
FHE hhone W FPA A (Dol AP &
e A Be A2EDL o] (14)% ol
target Sel e Z1x] dEIsh (/9 dYzgos
QoiAle}. o] e 1 5ol vhehisich

(14)

a8 6. A~EY W wge] EEx
Fig. 5. Bolckdiagram of the vocal tract tr-
ansformation.
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£ =Eie 9 ERs
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ZEA 5
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o, wfr W] F7HEe] ABlE o]43lo o]Foix|
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vector)’} AAET 2E g5 dlolelol] g Fal~
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29 t}ﬁ- dlelels FAlsle] #e] 34 (6)~(13)%
FHsT o] E F& g A og il F
vl 2o Mt ALES Aot HPAdE A
2} source #Ale] A= WEIE 7)A el Al
AIFIR 714 deAl ghe o83 S & RS
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3},

¥ =R Ao FHasE dAs] $8k
FU24E 7M7Y 84 WEke) 4% & Bkl
o}, o] AsE 29 6ol AAskc 23 6ol A=
ulel 2bo] Fella 47t U1 of mie} e ArER
3} taget A=EBEHZIO] Ao} A FAA £
7t 3270 el ko] AAA uigre &
4 ek webd & =Eolde Al AAAal |
W18 A & sl FUASE 3202 A
o}

3 Average cepstrum distortion

0 1 4 8 16 32 64
No. of class
a8 6. F¥lasdl wE WIS target941 712
gu_l—

Fig. 8. Distortion between the transformed
and target speech corresponding to
number of class.
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(851 & sjale] ==1 w4 2ekd (speaking
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style)& Jehlls 397t gl debd 54 siaje]
&Y 5AE OE Al 7 22 HAY 5 v
W24 A =3 WA ¢ gl Feldh zEhd
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&(prosody phrase) & H¥3lgon I o=
21y 7ol AMAIRE wielte] mx|gle] 3ol Ao
2 wslsle ouA] #-e] FAR Wil dojus
ARE 71EeE FA A4S 2Esid 2¥ 79
P(n)& Foizl 4l gt niA & S9E e
i},

ag ZF 28 99l DTW o8 A7k =]
source ¥x A &= target HF| AL
o, AzZF A 24 &8 9 9ol 7’ beta
o ols A7} Wgle] o]Fo] X1 target T HZ
I} A2t WA gte] AE det

Py(L)=P(L)—-#P,(L) (19)
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Fig. 7. Splition of the prosody segment.
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E 1.48 =4
Table 1. Experimental condition.

A/D conversion 8KHz, 16bit

LPC order 12

LPC cepstrum order 20

No. of training sentence 5

No. of training words 32

codebook size for LPC

cepstrum

codebook size for pith
contour

32

32

Pitch estimation method | clipped autocorrelation method
L 1

citk), &i(k)-= 22k A2k J-EHE target 3Ape] 3
253 Aeet AR GaeEol o2& HEE Y2e
g ALE Jehicl 22l KHG-KKSzEe] s
SJT-YJH7Z ] W& 5712 7% o] dig JF A==
Y sihe J20] A Hol MRe] Z¥s ¥

105

(a) Source

(b) Target

FE AL AP (casssT=1)NE F2EY T

& ik wlaste) KHG-KKSW®A 58.1%,
SIT-YJHHRH ol 44 3% 2 74sl98-S & & 9

ok F9A57) 329 ASee el W¥e) )
80.2%, 63.4% & ¥& 1&g Jehgd, ol A
= AlgE FulSed 2 source 3R] HLEH
HEel7} target $HAbe] AAEF welof SRS
Ry Qict.

2% 84 Y% $4 dHeletel i sourceAl,
target3tal Y Aot dweiSo] o] A Y 4
o) AdezaRe Jeplidc)l HIS-L targetsA}
9] 249 dMHeg wisyt It E Fuliel 7l
Foeg el Qleh 2 ssEgoagates
He-2 sourcedAh} targetZAte) SA3o) vl <
7hel STl sS4 ek

(105)

(¢) Transformed

a3 8 AdEeg g9
Fig. 8. Spectrogram comparison.
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82.7%, SIT-YJHHEA] 69.1%24 A=A} 790
£ vl Fe & vehg AR Fxie) A9l 3ol
ZF o3& & § Ut ol HE A=Y oI
AE KHG-KKS o] $4:3 A58 vehizies
= 2R 5 gl P 2 A0S HA el
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£ ¥gon 7} 3xjuict 55 qF A 2EkdE v}
Wz gick oleld ARdS ABX sHiAEAj] A =}e]
A 71Zo} LPC A 2E=3 delujeaxle} 22
23] BARThs v Aeldd] #9so] AA
Q) o} 71F AR target 249 = AANAY
L 2& sourced] 7W7RE- 797t HAY 5 Q1SS 9
ulgh o}, webs vl hAd JRA RS flsixde &
gl B wgpo)fle] ] 2Eldg 293} = o
vz #4, LPC A2EY A9l T4 SA5E &
A HBE FYafolhe & 5 Ut

k2 2.9% Q2= 43
Table 2. Average cepstrum distortion.
No. of class KHG-to-KKS SJT-to-YJH
no. conversion 0.9941 0.8790
1 0.4402 0.5109
8 0.3391 0.3940
16 0.2822 0.3312
32 0.1965 0.3190

E: 3. ABX Hl2E A3}
Table 3. Result of ABX test.

.Experiment ~correct identification
ratio

KHG-to-KKS 82.7%

SJT-to-YJH 69.1%
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