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Detection of synthetic voice and character identification for estimation of
products.
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It is now possible to generate high-quality synthetic speech that can be
mistaken for human speech. Furthermore, it has become possible to generate synthetic speech with the
characteristics of specific speakers or emotions. Improvement of synthetic speech has enriched our
lives; however, on the other hand, we have to now worry about its use in a crime. Even though
high-quality synthetic speech sound highly natural, they must have some difference from human
speech. In this study, we found the acoustic differences between synthetic and human speech,



8 X C—19, F—19—1, Z2—19 (dm)

1. WFEBAAE 4 PO 5

PO EREF X, WbhbwsuaRy NEO LT, FEWTH LI AR TIZZR W E D)
LHDThHoTz, TDh, ANEOFROLERFEFHEBERT 200 H UiES S8 2 s 7 X%
S, BIRMEOM ERK ST, S BT FFDANRY MUEEIZ X 5T vbEFIH L7z HMM
AR DNN &hkre EO#iteT A R & 2 G o B3I L v Kig e MEfEck ZE X
L, ZTOXHIT, EFEHRUEEROESRICLY, AMoEF LB EMELD LS REnE
A EFRDERTE D L DI/ o Tz, ITHFIE, & HIZERRFEEECRIE & Rl Ak 7=
ARREIR L FEAL S, ENT T U VR BRIISE A v —URBOLRNR L S S ERGET
TELEDPND LR TE, I EBEDOA v E—VA2RDIHER TN TE D L
5, FEREFOFEREN ERIHANSBIMNT 5 Z LR TREND, £, HZEmEIEA R LIE
(ALS) 7o ECTHRAEL I AREMLDOH D BEICH > T, HHODOF CTEREERTE D alREME 2%+
72O, FERHD I BICEFRT— 22 gL, ZOEFTFT— 2 2 W TEFOFEENFEFEL TWVD K
IMRARE R EERT HHEMbERLLEIN TS, ZD X, AREROENEL - sMtElk
WX, AEEENCL, AEEEZR ESETINDE—FT, LE~OFH LB EIND, LA,
HDE 2O TICEHSOBREAMFICBATVWEEZ LR HIE, AREFEORMEE 250
HLNR, HDEIWNIE, BEDODANDOFIEPET-EGEFERHTL2Z LT, FOANIKY TFF
ZEEEBIDMBL LR, ZO L), HEioE I L o TREMER R BT 5 —F5 T, B
ENDHZE~DOEELMELEZD, SDE0 ., FHRREINT EHNORI” TH D,

2. WEDHB

AR O & ORI 51 28 L i B e & RS AL RIC R S a, R Shi-o
EARETE AT, FEEBEBBNND S, TREH DI, AREA E ABORF
PO TSV TIRY LTRSS,

—RIC, FEL ST TABBET 2 b0 ThY . THEM L, S8R EHT 5
T L OHEE RS AT TH S, L, BRESRTIE. TABARTE L] 20
ARSI, SRS F 2SN LTHESE, BACIEEET 2 2 LR TEX RN, —F, &
LRERBIIIEROF Y T/ X —RERD Y | FEE, FOBS, AV br—va L ERix DS
HE2 P CE L bDLFMETIOT, WA DOF v 77 Z—DEWEZEEEOEWN, fEx OS5 &
DI EFENEB E LA LTCH Y T2 F—NE1TH 2 & CHFORBIC A0 D ERE R
ML, SRS HEER LB a i 5 = L T 5 /Rt d 5.,

IO X ICABI T AR & AR OEHEOMI SRS R OF ¥ T 7 X —#INconT,
ZNOHOHENOABELRATH 2L T, Rl » BRI EGTHZ L2 BN ET 5,

3. WrFED 5k

RO 2 5O, [EEH & ABOFFOMA ), [HREFROX v 7 7 % —i#hl) 220

T, LFOBE g E FhE LT,

(1) BREFT — 2 X—ADHES
AFHRBREFAKY 7 hU T ORMELZITV, HROY 7 hU =T RN T7 Y —V 7
NI THEAFL, B EFRT —FRX—RAEHE LT, MEICHIZ->TiE, AoEF LDt
B AAT 9 72012, BB CREE TR L DT OITHEE LI 2 HGEE T T — 4 X —
AL DA EEZB LT, BiGNEEZRE LT,

(2) A pk 7k
BRE T ORBEICL Y AMOEFREOBESURHE L 2oTNDEN-TH, AR
DIEFEZ FERITHME T E TV DH DT TRV, £ 2T, B PR R & i3 O R & L
L, ZNOEEELE L@ O EIZOWTHRNTK, £, G FEREEBETH L, A
7 MBI ERE OB R LIS W I ERTFHEINDO T, FIRICHEKT 28I
HH LT,

3) v 77 7—i#n
BREFRY 7 NUZT OX % 77 X —DENEFEEOE, fix ORI L DB 25654
WEB) 72 L Tx Y 77 X —iill&iT o7z, 728, BEFIX, MEORELZERTHZ &
DREZBIATZADZ 0B, TF A MR THBIER 21T 2L & LT,

4. TR

(1) AREFRT — X _X— 2Dk
TEAKY 7 b7 1889 Fv I/ XA —m i L, £ 1LITTRTHEAOKRT —ZX— 2
R LT, HFEFARY 7 by TICE, BEEEE, FOE S, MR EEGET s 2 0
ARECTH DI D, V7 MU T OREFRELREAT, TNOOME 2 E(L I TERES
EAVER LTz, A DOEF & DR ET 9 72012, IV E TICRMAEERBFIEAT CRESE L 7= 244065
HTRET — X _X—ATEL L7z, 100 FHi. 66 HiE, 14 X, ATR H#/37 AL 50 3L & [A]



CHFENRE L L, Fo, BB PGS LT a2 — /" 2INAS) R &, FHEATFETIA < FIH
SNTND 2= R ADFEFFE B LIZER BT T,

£1 WELEAWREFT —F = ADHE
(B IE - Wogptiie i #iat - HEtE 7 A8 07 30 (HMM £, DNN &ak7e &)

N AN YAy
;Z; $4775- No. ;‘;ﬁ Dgz N
A 01~06 Wiak | 45 | HEME WX 12, m S 14, i 15, £ ofth 3
B 07~20 W | 36 | AEUE. X 15, @& 10, #9855 10
C 21~24 W | 36 | AEUE. X 15, @& 10, #8510
D 25~28 W | 26 | BN @I 15, ®S 10
E 29~32 WIE | 28 | EEME X 9, ®mE 9
F 33~34 WE | 21 | A% @I 10, ®E 10
G 35~39 W | 31 | AEuE X 10, & 10, #1045 10
H 40~42 W | 31 | AEdE X 10, & 10, #1045 10
I 43~45 Wik | 41 | AERE X 10, &S 10, #4510, Zofth 10
J 46~48 Wik | 41 | ERE X 10, &S 10, #4510, 2 ofth 10
K 49~51 W | 17 | B S 9, RS 7
L 52~56 W | 28 | HEME X 9. mE 9, W 9
M 57~60 W | 17 | N X 10, &S 6
N 61~62 B | 28 | AEUE S 9, & 9, s 9
o 63~70, 74 | FEt | 21 | FEHE. X 10, &S 10
(71~173) 51 | fEvE X 10, &S 10, #4085 10, O 20
P 75~T77 WEt | 11 | AEME S 10
Q 78~86 fat | 21 | EEYE I 10, &S 10
R 87~89 Wak | 32 | AEME X 10, =& 10, #4511
(2) BTk
[F&FEA # A V] £ 2 BRI L HFIC L DR
RFEAL AN E LTHFACHER Uiz, 5 L@ BT B eI (%)
O E AW CREE B ER 21T - TR (F 2), WEIEEE | IR 73.9
HECTHWE RS L RRE CHEE ORI T HAEREE | AR 77.0

HTEEMER L, L, BERF & EFOMAS WS | A EER 54.3
bETIEFEZMIT 2L ix ol B L HEREE | R 51.3
ST OF BN I2E N E T LTS R AR 2K

DIED G ORGSR & 7 OIRIgE I E
7b>a‘?>U M OFEMHBINEETH D Z 2R ENT-, AMTix, BEARBRES —ELL I
725 L BEERCDHAENELL 250, ARE R TR, EAREESE S <REL THFEITE
b3, GELA CTILEHE B R OALENEND EZEX LD,

ZOfth, #Rx R ERE L BT SUREE A AER. o LToRE R, B EERIC L 28RS~ Tl
B - BEF BT TS, BHEECRE 2 G 0EEEMIC R BRI B SNT, fﬁznji
AT R oo T,

[ a1E] 950 - - BE NGk
ﬁ%[JTﬁE&ﬁmfﬁ@%(ZOb\T%ﬁ%”%ﬁ@&iﬁﬁﬁ%ﬁ 200 < /°\

P E B BRI B ML BIfLCHD 2180 NL -
SUTEZLRTVAFRTTHS “SEH” IcpEs = 10 ]
DEER R T A NT L - B 7$@f(cepstral 0 e

peak prominence: CPP) &R H = & A OF I 0 5 10 15 20 25 30 35

FEENBED Nz, A—H— NRN—=T g DERD 13
BOEFAERY 7 vz T7 20T, KFIZKD3 X1 CPPEDSAR DY
. T TRV TIEOIND | OGRS R & 4E
U7z E7-. BALME 13 4R E—NEZIHEE LT

BREENG LT W T NoOBEFLEIEE N Lo E I
fﬂﬁ&bfﬂ%u\to gk L e E gL, o7y s
WL 8kHz & L, 7L —AE 25ms, 7L —AY

A L TL— L L= Al
7 b 1ms T 7 A b T L05HT %247V, VoiceSauce % 1 - ﬁ
HAWTCPPZEM LTz, BER & AMOEREN 0

Fn 13 7 —XIZ>\W T, CPP 1l @/\Z‘ﬁ%;k&) S AR ING253
L7ei R A2 11TRT, }\F“ﬂa) 7T 20 4 2 e 2 CPP @%@ﬁi’]kwﬂﬁ& D7

(AL TV DA, BRE I 10 Hjﬁt 20 fhiTic D 2 FH
MIEAL DR A3 FL 6 37z, /k L MRABORE S & (# 18 7 =4 O4) [*:p<0.05]

N W

ACPP*2




D=0z, CPP OBENEY (Fitk 2 A, 5t 5 50 ZRO, BHTELEBEIEYEDZED 2
FM(ACPPA)DFHEA ., SR EF L AMOEFEZ LIz RO T-MEEEZX 2 1277, 2k
0. AEREFDIEH A CPP ORMEENARBICKRE W ERNRB SN,

(3 Fx 727 %—iHyl

WAL B F A — 5 S ADHEHH 1075 () e
FAVS BIORIIEIC £ 57 % A MEFES ¢ 7 4 — DR W2

HAEREATo 1= V7 F T CERT HERE 5 L0
P B AR R 2 TR LI O E R € 06
EANGRE LR 1 b Bk, ANEEE AR S 0y |
2R 2 24T o7, MDD, ABOTEH GEE 0.0 -

80 4 (F s 40 40)) % IO CRBEOER AT -7, LRI EEE S S

LT3 LPC 7 7R kT MBS (T
12 R) . AJEEE BERE RO I 1T, BIfE
WL A T2, AR & A bk B o0 BEE 2 sk
O, = DA S . ANEEER—F% % 527 X — D%
SRERORBIEN 2~ EBr 1, 2 1B\ T, 1
MTELSMBTELEERELK 3 17, 25
B2 Tld, &% % T2 X —DBEIEEH 50T, [ . il
—% ¥ 77 5 —ROBREO VA A L * v BEEREEL
578 —MOEEE Lz, X306, F28 2 05 S
PERESE N 2 E b o Tz, TV, BERE R A 1Y 5

RTILET Ry I NEBICHEIETE TS K3 LIRS s
D EHET D, Eio, AREFOIE ) BNAROEH L (@) e [ b) AMOFES
D ERRIPEREAS A2 0 BN 2 B SR ST, T O FL

LT, AREREOIE ) BDABOFTHFICHRT, v

S 7 —NIEEEA /NS, SF Y | AT R OLEIL

ABOFF LY H/hS WD EEZ LT,

HLbL

r |

bLbL |
=V

FROE MADIENN, ERFFRNCIE, TERE R & A OFEF O] OB EmZ
LEEEL, UTOHEIZOWTOMRHIT- 7,

(4) AE =R [i-vector. DNN % HW7=FERR] #3 EEER GEH) FE(%]

IR, FRERRFER DO EW & 72> TV D i-vector <° AT — # ResNet | i-vector
DNN % HW\ -5 58%# T 5 ResNet ICEH L, e 96.67 99.35
FRHI LT, AREFENSAT S NI, b |4 Ve 31.44 95.83
DREE AR EOREFEHR SN DO EHRAE LT-, || DIFFVC 33.52 94.86
AT, Voxcelb D=2 T A VFEEICHWSHAT || OpendTalk | 30.83 91.20
% Thin-Resnet34 # M\ 7z, &7 — XX, & 7 | Yukarin 7.99 39.13

B FE A BT o — S A (INAS) &2 V7=, 22
i, EEFE AV, P, 2EEEE ST — 4
R=ABIOAEREF (FHEA#TFE - Sprocket(VC, DIFFVC), Yukarin, 7 3% A hFR
A Ak 0 OpendTalk) % HWio, fERER 3ITRT, R3IWCBITH, TEEFR) FESFEZHN
7o TEEENZR) 2R L, [ERER ] ITEREFICE VFEIRESNZEE (TFEME]) 277,

ZORER LY | ivector DEE, AREFICE VIR IND T —ADZ N, ResNet ZHW
BHE . FERRERNARIBICHD SN TWAE Z XD, ResNet Tik, F8 B CaiEELIAM G
FERINTWDREEENRE 2 bz, 2L b, ResNet ZH\HZ L2 LY, i-vector LY
BREFICTERSNICS W ERENT,

BIEMFZC L LT, M XA FEEDO a2 b EMB LT-A—EEHE DNN 2B L
oo RPET 2 00FFRE—FEEDOLDOTHLINENEHET D TFIET, BiEET NV ENLE
LT MOBHOFEEDORKREDEF CTHEETED, £/-. BEEF—XDOEFOHLTHHEEE W
IRFERELH D, ZEGEEEFT — X N—AHOHRYE (iR 0.121) 255 L Liziia R
EEBRETOTMER, =2—7 U v NEEBEIC X 23512l FFAZOF I )b 5T, mu
MEHENMFOND Z EDBbhoT-, & HIZ, [Al—FE# HIE DNN Z DTW &fiAGhHE 7 H
FEE R CORAFIEEZRE L, HEEREE TRV x50 e LIEREEROMER., mWREEE
NESNDHZ &R LT,

(5) ARkE AN [DP #EEE]
FORREF Y T 2T, ¥ T X —NIERE L SEE NIRRT A K4 D
BB CRT LI, BBEFICERRDZ PR ENT, ZOMWEERAT D Z & T, RI—HERE
DRI XD ARG A O REMENE 2 ST, B LA E T — 2 _N—2D 5 b 1
MWERESRM CTAR LIZEXE R ORGE & HIEHREE (Bl X, RIS H ) b T#E)) b
%, BIFHETEE AW CHER LT DP BEEEE S L, HIBTEREE A2 R ET D0, BEE



90 4 (B 45 4) TRICEX, HiEETFZHW
T, [AARICHEERE 2 B L7, B8RS EIC X, LPC 77
7%%?A%@(“ﬁﬁﬁl2ﬁ)%%wto

A RREE S UHGEER 29FEICBIT 22 TOl
BENSROIZAKRE . AHOF %@E%\ﬁ%l5
Jﬁftf%@%zﬁ CHAE | B DI Y EEhr
FODHPNINVEEIZERBTFRTHDL &Lz & &
®HMEA4%*®KOI5;TT£9 L CHIT R
B thr=0.4 XV /hXOEREEZE SRS %&Mmbt
XOIFEEZHEIT 99.8% L 70D, TN LD, BHEERFEOLL
BRI L 2 BT s 5 1 S HEE D i T A3 RS

BETHDZ LIRS hic, EbI2, R—Ffaxdg s
L7Z[FERD IR bAT o T2 & 2 A T % HEE D H iR

B b 7p 725 EBBIMEREME T A EEmA R 5

o AEIRRE LIEEFRAGKRY 7 FUTT 18 FE, 89
XY T I H—DIL, I8 XX T I H—DAREFEN
MRBITCE R, Y7 b7 1 FEITHOWTORRANE
Lo Tz,

o9 2 B R OFI B DWW T B G L7243,
FEEEDFBIMERE DS D o T2, FTo, HRE V‘]@n‘%‘%@@b
FEE TH LH L) Otk % bl U CA7=2, IR
Lw:k%b#otof%bjﬁﬁﬁmﬁﬁbfmé
DIFTIERNWEBZ bR, AMOFEFICK LT
thZ/LJ: j‘%\éuﬁo) E e E%%UE%X—J‘%E qu%%ﬁ%
’fTOf\_Z)) gfk%uﬁg)ﬁﬁ%ﬁ N DJL%LJ: T%uﬁct D %)j(
L RBHEA VPR TE T2,

(6) ApkE ARl (A A0 2]

BREEEOMNABOTAIZEB L VT RARY b
077 A0 X O IR — JE R TRk L, B
W2 & DR R T, MR ONT 2R, 74~ RO
FHE LB IS LTWND Z ERXbhoTlz, A D
7 EARE T OMNAOT 2z il fi{b LR A2 6
R, AR OB FIZEEXTEMEF Tl f AT
BDRIZDITFAN, 74~ r hEORIGHTEL 72
V. BEEROFDOEI o TR T BB R
ELANHOEFREIIRELS E D2 LR LT,
MARIZERFOMEOR EICHET A2 LRI T
%D\%Ekwbéﬁﬁﬁmﬁﬁbkwﬁﬁ#6\é
CH RIS ORI G35 2 L R HIRF ST,

(7 =0t

F—A NZ U TEMRFOAKTE L, Clermont &
+56 & EEOEEEEE O LPC 77 A ~ 7 X iR
RO ERERREE L O e 21T~ 7, BHE T,
FA XA FEICHE, OHz 22687 ) v 7 )E Bk
B 1/2 ORISR ORSE KT 52 LI
7250, Clermont DR L 7=ARFELZH WD &
EEORBEEEICE B LA aTRE L 722 5, AM

BREERRE L BEERBST L7+ v~ 2 NE
BECTIICE R U CRaE IREMRELZ iR L& 2 A,
B2 7 v~ v NER A RO DA & [FFRE Ok
BIMBEEZH T D Z EnmE i, —xmiz, 711~
¥ NEEB OB RRS TN — AR N &
Mo, RFEICL - T, 74/~ MEEEERHE
TUZEER LT 2 B FIREMEDS R STz, A OF
EARME ISR T B BEEET I OE VSR TER
WX, WE OFBBNFIH TE D ATREME RIE ST,

—_— G (X TN) HRL (% 71D
— AM_(GE#EPD — AR (GEHET)
lf ______ \\
.'( w‘.
:2{0.2 :} }I
Zoa!
Il
o I
O 0.2 04 Ub//’/()&i 1 1.2 1.4 1.6
Ss======2 J‘JIE |flf
X4 HFEEEESA TEE
0.4

—— GHE

== =- \HDOEH

IR
e
o =

()

0 02 04 06 08 1
FI T ELVEA thr
B 5 BREESAT, BRAHERES AR
HETEER (29 78)

025 050 075 100 125 150 175 200 90

i | aru (R [ d]
o (Ul oy I vo o—\th

0] M' l
ol ‘nl“ \”Jl

025 050 075 100 125 150 175 200

[EB K [Ha)

5% [sec]
(b)
[dB]
5 o
% 300¢ Il
’ ) Hﬁ;l [sec] »
M6 Yo RA~XZ hunrsTh (B),
NAROT 2 (F)
(@ AFOES [ ©)ERE



Masahiro Okada 42

Visualization of phase characteristics of a vocal tract using phase-conversion method with 2021

electroglottograph signals

Acoustical Science and Technology 150-153
DOl

10.1250/ast.42.150

Manaka Takamizawa, Satoru Tsuge, Yasuo Horiuchi, Shingo Kuroiwa 310

Same Speaker ldentification with Deep Learning and Application to Text-dependent Speaker 2022

Verification

Human Centered Intelligent Systems (Smart Innovation, Systems and Technologies) 149-158
DOl

10.1007/978-981-19-3455-1_11

Tomoki Hosoyama, Masahiro Koto, Masafumi Nishimura, Masafumi Nishida, Yasuo Horiuchi, Shingo 192

Kuroiwa

Analysis of Acoustic Features Affected by Residual Food in the Piriform Fossa Toward Early- 2020

Detection of Dysphagia

Innovation in Medicine and Healthcare (Smart Innovation, Systems and Technologies) 171 177
DOl

10.1007/978-981-15-5852-8

Ugawa Toshiyuki, Tsuge Satoru, Horiuchi Yasuo, Kuroiwa Shingo 189

Text-Dependent Closed-Set Two-Speaker Recognition of a Key Phrase Uttered Synchronously by Two 2021

Persons

Human Centered Intelligent Systems (Smart Innovation, Systems and Technologies) 405-413

DOl
10.1007/978-981-15-5784-2_33




Amino Kanae, Shono Maki, Arai Takayuki 42

Auditory speaker discrimination using modal and falsetto speech 2021
Acoustical Science and Technology 62-64
DOl

10.1250/ast.42.62

J102-A
2019
A 120-123
DOI
Tsuge Satoru Kuroiwa Shingo 11

Bone- and air-conduction speech combination method for speaker recognition 2019

International Journal of Biometrics 35-49
DOI

10.1504/13BM.2019.096565

35 0 5

ResNet/ResNeXt

2021




2021

27
2021

27
2021

27

2021




27

2021

27

2021

2022

DNN

2022




26

2020

26
2020

26
2020

26

2020




26

2020

26

2020

HCG

2020

2020

2020




2020

25
2019

25
2019

25

2019




25

2019

2019
2019

2019
2019

2019

2019




DNN

10

2019

Satoru Tsuge, Shingo Kuroiwa

Artificial Speech Corpus in Japanese for Anti-spoofing Automatic Speaker Recognition

Intelligent Interactive Multimedia Systems and Services (KES-1IMSS-19)

2019

24
2018
i-vector

24

2018




24

2018

Takashi Osanai, Yuko Kinoshita, Frantz Clermont

Exploring sub-band cepstral distances for more robust speaker classification

17th Australasian International Conferenceon Speech Science and Technology

2018

Yuko Kinoshita, Takashi Osanai, Frantz Clermont

Forensic voice comparison using sub-band cepstral distances as features: A first attempt with vowels from 306 Japanese
speakers under channel mismatch conditions

17th Australasian International Conferenceon Speech Science and Technology

2018

Satoru Tsuge, Shingo Kuroiwa

Speaker Recognition in Orthogonal Complement of Time Session Variability Subspace

KES International Conference on Intelligent Interactive Multimedia Systems and Services

2018




Satoru Tsuge, Shingo Kuroiwa, Tomoko Ohsuga, Yuichi Ishimoto

AWA Long-Term Recorded Speech Corpus and Robust Speaker Recognition Method for Session Variability

Oriental COCOSDA 2018

2018

2018

(Kuroiwa Shingo)

(20333510) (12501)

(Tsuge Satoru)

(00325250) (33907)

(Kamada Toshiaki)

(10356173) (82505)




(Makinae Hisanori)

(20415441) (82505)
(Amino Kanae)

(70630698) (82505)
(Okada Masahiro)

(80874502) (82505)

(Kinoshita Yuko)

(Clermont Frantz)




