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ABSTRACT: In this paper, a method synthesizing speech signal using the 40 kHz ultrasonic signals reflected
from the articulatory muscles was introduced and performance was evaluated. When the ultrasound signals are
radiated to articulating face, the Doppler effects caused by movements of lips, jaw, and chin observed. The signals
that have different frequencies from that of the transmitted signals are found in the received signals. These ADS
(Acoustic-Doppler Signals) were used for estimating of the speech parameters in this study. Prior to synthesizing
speech signal, a quantitative correlation analysis between ADS and speech signals was carried out on each frequency
bin. According to the results, the feasibility of the ADS-based speech synthesis was validated. ADS-to-speech
transformation was achieved by the joint Gaussian mixture model-based conversion rules. The experimental
results from the 5 subjects showed that filter bank energy and LPC (Linear Predictive Coefficient) cepstrum
coefficients are the optimal features for ADS, and speech, respectively. In the subjective evaluation where
synthesized speech signals were obtained using the excitation sources extracted from original speech signals, it
was confirmed that the ADS-to-speech conversion method yielded 72.2 % average recognition rates.
Keywords: Speech synthesis, Ultrasonic Doppler signals, Silence speech interface, Voice conversion
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Table 1. Average and standard deviation of the correla-
tion coefficients over all bands, according to the
ultrasonic features.

Features of ultrasonic signal AVG STD
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BRI T, b, (j) = A Z AGEA, y, (1) 2 y,(i) 9]
A 0akgte] HATHES ol itk By(5)e] A’
RS A5 7 AT 24 10] 7Pk 3t
=t

Table 1¢f] Z} & 7
At o] Zhe 5w el 9] A ARYE A5
3007igtole] £41 1 28} ‘
O AT ECE
FZko|tt. 3 of| A N-Neighborin,
EEERSUEESE

]S whebi N=8el %

oX,
rE
4>
2
i)
% rl
' o
i
>
5o R
= >
TN}
[o

4]
i)
o b
Al
oX
)
a

G
)
i

s
2 oo §2 mo 1o W g 44 ope o

T 4
i rlo #
Bl gl

o
el
)
i
fr

pzd

1o

2

a

il

el

n@

ol

ok

2

=

U

o

Al

o o

E B

o, -lo
N

U

o o

o X

g LooX
E
i
H
=
ol
7
u=)
offl
Y
-0,
m
o,
lo
o = uj
o
ﬂ
AN

(S
=]
AN
e
FF
u
o)
lo
U
N O
L)
o
18w
o o
Q m

EfR T A 5o 2 ARGt

o
r

A

&
N

1=
{0 @ ¢

5
g ©

0
=)
©

i
3.

<]

Dot XK Lo of re
P
o |o ok

)
E ﬁ M
r- S}
oDy
ot
RIS
£ e
o O
I
o nx
=
o do
E ox
LBy
TN
S| —g
n%' &
s
>,

e o A7t 2 A STk o)
A A Eo) A(singularity) 7} I H FA]7

rr

e oo

-
e
oZ

Fig 4= St A2 gt Al gt £ 4
A gk EAIRE 2O BV =483] 7-p), 1000 Hz7HA]
Bt A3 grol 5715t 0]5-8000 Hz7H4] 0.7 0]
o] Adghol fA1EE & = QArh o|27-F Table 1
ol A AIREN=491 7-¢-2] ot e L 0.72 H A =
2h 2121000 Hz o] 5} o & ©f 2h2- A= gh w291 A
O 2wt 54 A1 50] Fuk B oS 4 kHzR

oft,

¢
ol

¢

1o

¢

o
& 075 -
N R U S P /
2 07
g 3
4 @
Z 0651

4

g

0 1000 2000 3000 4000 5000 6000 7000 8000

frequenc;
. quency (Hz)

o 00615
R
8 0041
= &§
4002 &Q’Sﬂ RS S i S SR S——.

0 1000 2000 3000 4000 5000 6000 7000 8000
frequency (Hz)

Fig. 4. Average and standard deviation of the corrlea—
tion coefficients for each mel frequency.

The Journal of the Acoustical Society of Korea Vol.35, No.2 (2016)



3

_);O
a=)
N
2

o

2

e o
ol
ok

e 32

gy o

o

S o

o oX

ox

1 o

g 2

flo o
18
o

SLPw

o do

o

o

N

oo
1=
i)

r
¢

w0
rr

18 fo
X
i)
=
Jo

g
}:]
N
2
|
o
B2 ox

b H1
mo Hr
flo

ox

)

g,

[o

fot hr
2

fr

__@‘

o X

e
Lo

=l
(Rl

LY
0

Lo
2 o
ot
o,

)
h

k=
Jo

o
i
2
ol
L3
B
do dlo
2 1
HT
me
)

o o

T

ox flo rr
4>

¥0 o
ol

to dlo Hyr
1o
=
% I
fo
BY
1o
1=
H
o
N
oo

o
(o ™

P
mjo

o] 4= Nakanmura ef ol 7o) ©]a]] A|9HEl GMM
W3 7| S 280} EX W40l &4
o] W3l 11218 A A Bt AHR-EFS T
QA

n=S-5d 7t Het

o r
)

N,
[

D
o

L
B oo

Ao e
1 o nkx

g7
3
>
I
o g

¥0, foh
2
L g

& o (&
o
_\131

N
-~
[0
=
i

2

Mo N N, H42 Jm
o Ko o
O:

£
e
e

)

M

m=1

9],

®

M

o714 - m WA ARk A RA D) a2

m=1

=103, N[« :pl), 551 B ulg puf), 54
o 508 7= A1 Aok S vepdih 1) o
S8 2h2) vpg ) o] Lpehd 5= 9.
(2) — N:) z) Emzx)xr(’lzy)
Fop” = NS{) ’Sm T 27%/76) 27%/1/) R 9
A7VA ) oF ¥ = 242E X, 9} ¥, ol Tk B

o714

-z
o
X
z o
N
R
&
sk
A
T

W = o e
b

i

m

m

o, N (X,
hm()(;) = M .

2 anLN(‘X;E;Hfz)’

m=1

(11)

(SPM0404UD5, Knowles Acoustic, Japan)gS AR5}
o} A E =47 dB (10 kHz ~ 65 kHz)o| v =41 5
off AR&-H Al o] ARIE Fig. 59 %ol AIAI5H
o 242 B4 A5 g8l 7HFa thel

Fig. 5. Photography of the employed ultrasonic sensor
(left) and frontal photography of the mircophone -
integrated ultrasonic/audio acquisition apparatus
(right).



ofo] L2 E(AKGS80, AKG, Austria)o] AFEEG1C.

139

4>(Mel Cepstral Coefficients, MCC)7} AFE-E| Q) 011,

o, 7+ ALK 9} ol x Q1 WotolaREL WE 7k wajul o ot ATAQ A%-S v W, Bl
A BEE ol @3lo] Fig 59] 022 Allah 7 L PO A UEh epolel st A
o] WAL, ol2jat Al Aol AP LB of TS ST A8 st
HAATAST VY 2 e b A -2 A E o
2 38 Zolt. 4.1 B Msw}
40kHz 221} A1 5= 38k 71(33250A, Agilent, AA 0] 2 = 2 A o}l A 0.2 o= Ht 7
USA).= /\}Qr]'oj] LA 474 ] igﬂ]’ Al }\1 2] ZF4E(average distance reduction ratio) T}t -lﬂ—ﬂ- Fa
oA =alE Zh Ale Bl ape] AR E| A FH5 ) E 9 9] Z(average spectral distorion)©| A& AT}
4 *JE% %Al o tAE gho 2 wskal) H'éH g
2 2 ] 2 21 ¥ #| o] 2 (Fireface 800, RME, Germany) T iy
2 2185t 20T Als W &4 Al mE AT |, t; Iyi=vl
QI 192Kz, GAet M B Ieu =R A S lv-v1° ) (12
Hakglon 7t 2 o5 FUatA W
2om 2] AFE o] 83t oA T4 7]u4_4
1 g P 2
Faye Ao Aotel T2l oo s sp= oo [ [1otog, 2 .
Sto] ool o3} AFL Saeteich HHL 5 ' ’
o] I A 2N Al 578 Ml1- 1 ~ ~
JmAGre e o PSSR RTID o4 P o o) 212t Sl o, &
=] =35
SAPE A OIS0 HFHAE OV EIN g croy g Ameg e Urerich DRR £ 9o 41
L ASFA S A AR U A 20 O :
B2} 20 QL BT gl vl asted ralel A
Hl2Eo] AgSGITE S HEL uad 283 3}
_ ) _ i} Ao AE=E Ul =24 1009 7745
Shg ol A Al 2He H5 A S o] 88t 25uh Al
E2 dea UEY, SD= Ao 2 2
94'%*6118_-%50‘1 ] ‘__—6]‘d‘:]— L e 0
oA SIS O15) ChoFel mheh ] 2 e ol A $E 20 A0 e
et A Table 30] 3] A§A18 H@A 2] 2hagat Bt~
LPC AZSE ATLPC Cpetrun Codflclent IR0 gy gy o - mhepoll et Atk 2
A-X1% Al<(Line Spectrum Pair, LSP), B | AE = A| N o B
A AL g BTG AP EE LPC A A EH A
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Meaning | Pronunciation| Meaning | Pronunciation | Meaning | Pronunciation | Meaning | Pronunciation | Meaning |Pronunciation
Wind [ba-ram] Fly [J-pari] Baby [ae-ki] Place [ja-ri] Cave [don-gul]
Lip [ip-sul] Time [si-gan] Liberation |  [ha-ban] Now [i-che] Reason [k*a-dak]
Butterfly [na-bi] Bush [s*a-ri] Herb [tfwi-na-mul] Soup [tfi-ge] Knife [kal]
Washing | [p*al-rz] Seed [s*i-al] Taste [tfwi-hjan) First [tfa-tim] Nest [dun-ji]
Flute [pi-ri] Sky [ha-ntil]  |Consolation| [wi-mun] Sound [so-ri] Moon [dal]
Lag [da-ri] East sea [don-hee] Back [dwi] Calendar [dal-rjak] Copper [gu-ri]
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Table 3. Distance Reduction Ratio (DRR) and Spectral
Distance (SD) for each subjects, for each speech
parameters and the averages and standard deviations.

LPCC LSP MCC

DRR | SD | DRR | SD | DRR | SD
Ml 3245 | 3559 | 34.93 | 35.30 | 35.75 | 46.74
M2 26.62 | 43.44 | 2347 | 4447 | 2632 | 56.98
M3 31.38 | 37.72 | 30.57 | 38.91 | 2836 | 52.72
M4 28.21 | 36.93 | 26.93 | 3841 | 22.75 | 51.97
F 36.58 | 36.29 | 34.33 | 37.94 | 33.00 | 48.71
AVG. | 31.05 | 37.99 | 30.05 | 39.01 | 29.24 | 51.42
STD. 3.88 | 3.14 | 488 | 336 | 5.19 | 3.94
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