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i-vector/PLDA ICEDKFEEREBICEL D
FERRT T B HE AR % D ETAE

EFE ALY HEH Pl R R

BE : RiCE, i-vector/PLDA 12D FHEME Y AT L% AW TIERBEEALE (N-Bwe) %% Ml
THZLEHMELTWA. N-Bwe £ & IEHIBHLREDO—2 T, ETVFEE 2T 0T, sIEENIFE 2R
WL UTREI N, N-Bwe XHMAIERBER L 7 1 LADATHRINTVWIIZE2 2D 5T,
GMM-UBM IZH D FFHRAEDEM T T —R (EER) & ZH P AHRNEA R 2 MLEA (RMS-LSD)
WBWTEWHEREZBONE Z ABEINTVWS. PLDA I2&D< %%%HBA IFEHE & F ¥ RV OMKIENE
%:ﬁfi%’é’é“é CIHERELTTWE D, WIHRHIRIC X 2B FEF 2 AW E OV TIkERSIhTVR

. T Z TR T, PLDA IZH DK GEERE Y AT L2 %L, N-Bwe W{ﬁ@ﬂqﬂz?ﬁ?ﬁ&%ﬁ%é: b
'Cb‘/7 V2 TR DE N & BEISEIE DD 5 B E RV AT LG A BB OWTHAEL,
WALIRZ WA U2 B H OREBEHEE EER OBfREZEE L2 ERER LD, N-Bwe THK I 17255 13K
WRMS-LSD 2861, 27 v TH VTV v DA EITHR-EA L HEEL T EER Y 1.78 K1 > bk
FBLZZERERET S.

F—7— K : §EFEE, i-vector, PLDA, JEFE ISR, SITW

EVALUATION ON NON-LINEAR ARTIFICIAL BANDWIDTH

EXTENSION USING I-VECTOR/PLDA SPEAKER VERIFICATION

1.

KaMminisal RyoTat®  SHIoTA SAvakal Kiva HiTosHI!

Abstract: This paper aims to evaluate an effect of a non-linear bandwidth extension (N-Bwe) method by
using i-vector/PLDA-based automatic speaker verification (ASV) systems. The N-Bwe method has been
reported as a blind, non-learning and light-weight BWE approach. Although the N-Bwe method consists of
a simple non-linear function and filters, it has archived high accuracy in terms of speaker individuality and
root mean square log-spectral distortion (RMS-LSD). Recently, i-vector/PLDA-based ASV systems become
one of the state-of-the-art ASV systems. While the PLDA-based ASV approaches focus on removing speaker
and channel dependency, there are few discussions about speeches which degraded by band limits. Thus,
this paper investigates the influence of the speech degradation by band limits toward the PLDA-based ASV
systems. In the experiments, the N-Bwe and shift-based BWE methods were evaluated by the PLDA-based
ASV systems. From the results, the N-Bwe method improved 1.78 points of equal error rate (EER) from the
simply up-sampled situation.
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nition evaluation (SRE) ¥ Y — X% Speaker In the Wild
(SITW) & IE(Eh 5 HERFEHED 57— & X — Z % F\ TR
XN, BEVHEREEBONB I EARINT WS, PLDA 2
BOLK FHEREFELF v 2V OEFEEZ ST 5 2 2124
MAEYMTEFETHD. N6 DFEERE Y AT LITHR
FHIZEDWTVWEZD, FHT R T AT —ROY
YTV VITRABEBARLTH D EHELT WS, EERY
FANTF=RDY VTV v T EEER R B854, — KK
WIZY v ) Y TRBEEREWEE X Y T Vo
T, EWY ) VTRBEBICEDES. L, AfIEh
LZFANT=ZDY T VI RRBBMEN D, £2TD
FUF—RERXI Y VT) VIR TCEEAREV AT L
PHOHMEBELABTIZEEWI A RN 5 &\ D MR
BhHb. TANTF—=ROY 2TV v I HBEBRPENEE,
Ty TH TV T EERLCY YT TR R
T—RIZEDLEBLZELHARBETHD. LrELT Yy TH TS

VU 7RG TIE RIRHIBR O R BN B 72 O R AR
MEFLTULES ZEBHSNTWS [10,11].

HIRPEAR IR XA R IR 72 2002 & 0 & B EUR ) Y R
LTWa T =Rz U THEAEEEEHEILT 2Eii0—T
H5 [12-16]. TN ETIZE < OHFIBHIERIEDRE I NT
WBPKEPTIE, MEERE AW FEE HOARVWTE
WCAEI NG, R E RO FIE IR R o
DAREACTCHEHBAEBES 2 HET2LDTHB. HF
MR #RE WS, ZEE2TRDR, 2OFHRENFE N
Fik e UM AL (N-Bwe) 2M2E X 17z [10].
N-Bwe 3 8Ht 2 BB THRIES TV I b 5
3, GMM-UBM (23D < GEE G D %ffi = 7 —% (EER)
& RSB AR 7 FVEA (RMS-LSD) 28
WTEWHEREZ B SN Z M EI N T VWS,

AR, R OEBHIRMNEAG L TWAT—REHWTET
WEBEFTDEHBE S AT APRESI LTV [11,17].
LA U, BISIERE 2 W2 & OFERE Y AT LD
BERABEUZDDIXIFL A LRV, ZDORGHTIEA
W & WA WEIREER IR I RN R M T, AT DEE A
WAV AT LD 2 AT 5. FERTIE, PLDA IZ&D
KERBERAY AT L& EE L, N-Bwe O HHS LR E %
AOWEBEILV AT LI A BBIZOWTHEL, #5
PRk Z @ U 72 5 OBBFHE & EER OBfREZEEH L &
FERFER L D, N-Bwe THEK S 1725 F XK\ RMS-LSD
EEON, BTy TV TV T DOAETR oG E
HEUTEER 1718 K1 Vv hFELLZZ L 2RET 5.
2. i-vector/PLDA ICEDKHFEEREI R

T I
2.1 i-vector

AR, i-vector 123D EFEME Y AT LAIIEBFH DY AT

LD—=DELTHRINTWVWDS [1-3]. i-vector IZH 1T 57
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FHETVEA () L& TEHRINS.
Mu = Muybm + Tw'u, (1)

Z 2T, Mypm € REPF, T € REPr*D1 13 ZNF 4 univer-
sal background model (UBM) ® GMM A—/3—~ 7 k)L,
A" (TV) f7FIRENTE Y, £72, CIXBEAHTH D,
D I3 EERHEOW G ERT. w, € RPT 3FFFEZ LT
BEZONDMEREBTH Y, FHRT MU0 e RPr T
D EATHI S EALATH T € RPT>PT D H 7 A4534 N(w;0,1)
IZHES . IRERHZIE, BEGEE & A REH D i-vector wy, wo
EHAWT wy, wo BEAI—FEEET AN SERINI-DE DL
DNBERELZEHET 2 Z & THRAMREZ i d 5.

2.2 PLDA [4]

ZDETIL i-vector IZED K FEERED72HD PLDA IZ
DWTHIT 5. PLDA &, 565 o f#iH & v 72 i-vector
2 DEBGEREE AL, BRERLE AL LTA (2) D&
SIZEHT I E2EZD.

wy =W+ P+ T + ey (2)

ZZT,® T IEEHE L F ¥ 2IVOEYZEM %R S HEST
FITHD,0 & CEFHEERCF ¥y RIVAFERLTED,
NZENFHEERAAIRD . FGEREV AT LB WTE
FHEF ¥ XANVEEBIBEEEICRESEEND D20,
PLDA ZHHWTZEN G275 Z L THRERIETEZ 5 Z
EhHIshTWA.

3. IR EIRRE

3.1 HERE AV WEEILRE

WEBIMEEL LTINETIZEZ L OFERRES LT WL
5. I OFFEIIMHFERE AV LHWRWIITSHE
THILNTEL. KMXTIEMAERHREZHNT, »o%
B2 TR VEBINRRICE R R YT, — AR IR
ETRA VYR —FRL—Rea0—NAT7 4 VRIZEEBTY S
YT T RS ICEA L, SARERE R0
Ty T TV I EEERERT S, AEERE VAR
HEHRE TR Ty T T Ik D CEREDEA
WD 2 RIS DATH D 2 2HBE LTWAS.

3.2 WEFRAIMERE (LPAS)

N E TR BRI D 227 SV 7 & A PR IS A~
TT N IR LWHEHIRENMRES N T VS [18,19]. T b
DFETI, ILFEES I 4 kHz RisDE5 % 2 U A
WEIZB#MT 2 TEREING. £/, V7 MR—=ZD
FHOHEZBET 5720120 7 MDD FEEAEL
7z LPAS [20] HMRE S N7z, LPAS I3GHHR(E 5 5 A~
27 MVEMIRS L OB ®A S il & 7z
5 & W CIRHISE ST 2 FETH 5. EfInr
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Sampling rate: Upsampling rate
yr(ayn) ynLr[n

F,'F,, |

: F, =mF,,

x[n]—>| tm >{ LPF H P> Yoweln]
Narrowband &——_——= Yup[n] Extended

signal Upsampling signal

1: FERME ISR IRED 70y

S FHEMIZY 7 SN0 LD B EARE DI
3% Z EDHE I NT WS, KiXiE LPAS % i fkiRIE
DRERIEE AT

3.3 IERFHISILERE (N-Bwe)

MHEERZHWRWTRETHLDFEE 21T VL
RIE & U CIZIERRE RIS ILIRIE (N-Bwe) BEEI TV
% [10).

X 11 N-Bwe kO 70y Z7KERLTVWS. KIZRT
£ 212, Fs, Hz TY ¥ 7)) VI N Pmidg & A xn 12
HUT, A VE=—KLb—=&m, BLO¥O—"2AT7 4 )VX%
AWETy 7Yy 7)Y 7 R#EHT 52 8T, @Ak
DEFFTZIR yypln] ZEKT S, 2 2T, n IXHERRRRHIZ
BThHsd. iz, 7y 7TH TN v I7INEESITHFLT
X (3) TRINDIEMEEEE WS Z & TEBNER S
NEFINS.

ynrr[n] = sgn(ypayn]) - [yran]®] x B. (3)
7272,
1 (a>0)
sgn(a) =490 (a=0)- (4)
-1 (a<0)

ZIT,al BIRIEMBHERHEDO D DERED ST A —
R—THV, aZFEHRTHB. £72, X1 D limiter IZLAT
DATEZLNS.

= ()

ynirn), ynorn] < Ty
yap[n] = .
M, ynor[n] > Ty

ZIT, Ty 1XEME, M I3EHRTH 5.

3.4 PLDA I[CEDFEEREE N-Bwe

SRR TR RSB R C & 2 E AR D 2> 2 & &2 H
e LTW5. PLDA ICHODKFEERBE VAT LIIFE
Fy ANVEFHEMOBRL ZLICEEAEZBVTWS. LAL,
INE TITHIEHIRIZ & > TRo =ETIZ DO W TR S
nTWiRW, I TARRXTIE, wEREIEIC X LU~
A2 WIS ILIR R & PLDA ¥ A5 ADPEREIZ DWW T
PFEL, Himd 5.
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(a) Original (b) Up-sampling (c) Lpas

X 2: AXZ bas I L (m=2; Fs, = 8kHz, Fs, =
16kHz)

(d) N-Bwe

3.5 HEILRED AR AT S LICK BHE

X2 %, FHEHE, 7y 7> 7Y v LPAS, N-Bwe (2
EBEFREEOARZ bO ST LERLTVWS. £, 16
kHz TH > 7)) V7 INLHERDES (a) 130 kHz 225
8kHz £ TORBBBEAEHLTVWD I L bhd. IR, (12
JREFOY Y T v TR 16 kHz 75 8 kHz (294 &
U, £728kHz 75 16kHz 127 v 7Y v 7Y v L&
2D (b) THZ. IPrSELNEE5Z 4kHz BLED
BV EABBUR D & E ATV, 55 (c) 1E LPAS [21] (2
Ko THEEEINZER, 55 (d) & N-Bwe TEKI N/ H
FThd. (c), (d) »ofSIREICE>sTTy I T
D VI TIERD o @ ARBUR D D ER I N TS Z &
birbd.

4. B

N-Bwe OB % G 9 5 72817 i-vector/PLDA 125
DL EEEBAFERITV, £72, TD EER LB UL FF %
FHFMGRE T L2 A 37 & OBIRIZDOWTHFHAEL /2.

4.1 FT—IR—DOFEM

AEER Tl Kaldi-toolkit [22] & SITW 7 — & X—2Z [23]
% F\W T i-vector/PLDA IZH: D  GEE G > AT L D
1772 o7-. ZDE, UBM, PLDA, TV 74| 2 #E T 5 7=
®IZ Voxceleb 7— & R— A% I\ 7z, Voxceleb 7 — & R —
AF = DD T =X+ v b Voxcelebl [24], Voxceleb2 [25] T
BRINTED, Y5507 —XE vy bE Youtube 27 v
TO—REINEZEZFELADA VAL 2 - TANSINESIN
TW3. Voxcelebl IXFEE# 1251, FaH#0 100,000 M E,
Voxceleb2 & 3F##1 6112, F&EH%IE 1,000,000 & 72> T\
5. ZNH5DT =Ry MIkkx RO, £, 772
LY N THRINTVS. BERAUOTAMNHOT — X R —
A2 SITW % FHW7=. SITW (NSRRI 2 Sl L 72 57—
RR=ATIERL, KRDE R A X E L&A, & 0 FEEEE
WIHEWTF —AR—=2A 5T, £/, /A AHDT —
R R—2Z ¥ LT MUSAN [26] & RIRNOISE [27] % i\ 7=.
MUSAN 7 —ZR—=21F 900 A LD/ 14 X kr ey v v
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Pass-band rippele: =1 dB

Filter order: 30

Magnitude (dB)

Stop band attenuation: 60 dB

0 248 1 4 8kHz
36

3: N-Bwe IZH1F% hgln] D7 1 IV XF&ET

NDOFEE 12 SFEOXFHPEENT WS, RIRNOISE 1&#8
BOBRE) A XTHD. /A AT —ERXR=APHDLETD
F—RR—ZADEFEIIHETHY, 16 kHz TH > T v
INTWS, KEBRTY V7Y v I JHIEED 8 kHz & 725
TWA IS EF T2 THEFD 16 kHz 225 8 kHz ~D
LAy I VN AW L XY £ -

4.2 ERREH
TEIRFEEIZ13 19 IRTTD MFCC & F QBN &
O 2MMAEEL 60 IRTORT MV EHAWZ., 71—
LFAX 25ms, 7L —24Y 7 M 10ms TH 5. UBM DR
B HUF 1024, i-vector DIRTLEIF 400 IRJTLTH O, PLDA
DIRTTENL 150 IRt TH 5. SITW & Voxceleb 133 % T
INEXINTVWBEH, 2 D0DF —XR—ZZIXFEH 60 HHE
BLTWB 7, FHETIZ Voxceleb DT — X R— A 5 Hl
BrL7z. £72 1,000,000 B ELOFFEEZFET S Z L3R
IR A2 B 572, 1,000,000 D 5 5 100,000 FaE & WD
T UBM & TV 1751% %% U7z. PLDA % [A#kIZ Voxceleb
TRy M/ A X%MELUZEFREAVTEE L.
i IR RO I 13 Ml = 7 — %R (EER) % H\\W 2.
R LIZHEFEZZF D, ML TOEY TH S.
(A) Up (train)
WigE e S kHz o TV v ) e/ LTry 7>
TV VT DB EITIR DTG (Yup(n]) 2 EEKLOT A
FF—=Z & LTHWE.
(B) Lpas (train)
PRI A 12 LPAS [20] 2@ U 72 &5 5 2 S8R0 T
ARTF=&ELTHWE.
(C) N-Bwe (train)
IR A IZ N-Bwe [10] 28/ L 7255 2 B8RO
TART—=RXEUTHWZ. 74V R hyn] ITIEEAT
DR (6) ZHW. 74 IVR hpn] 1K 3 DL D ITE

#FL7-.

AL (X (3)) D o & B lEENZEH 2 £ 100,000

© 2012 Information Processing Society of Japan

1 Tk
BikT— & TANT—Z&
v 7 v
(A)Up (train) T e
VAN VNN
(B)Lpas (train) Lpas Lpas
(C)N-Bwe (train) N-Bwe N-Bwe
Ty
D)Up (trial JFRE A (16k
(D)Up (srial) i ao) |0
(E)Lpas (trial) JE¥E 7 (16k) Lpas
(F)N-Bwe (trial) JE¥E 7 (16k) N-Bwe
oo | L 207| LF
VAN PR AN
(H)Org ¥R (16k) JEEE (16k)
U7,

(D) Up (test)
Wt SR S kHz B> TV v ) T LTry 78>
TNV T DBEITIRST2EH (Yup[n]) T AMT—2X
ELUTHWE, BT — X% 16kHz OFEEFHTH 5.
(E) Lpas (test)
PRI A IZ LPAS 20) 2 @M L7 R&2T AN T —
REUTHW:, B8kT — XL 16kHz DR ERTH 5.
(F) N-Bwe (test)
P& 7 N-Bwe [10] Z BH L2 &F 2T A M T —
2EUTHWE. 740V hyn] iCiZ B0 (6) %
AWz, 740V & hpn] K3 DL ITE#HL.
BB ((3) D a & B iEEFNFh 2 £ 100,000 &
U7z, BT — X3 16kHz DR EETH 5.
(G) Down
16 kHz OFEEFFH» S SkHz X VB v T v 7
NI PSS 2[n] 2RO T AT =2 LTH
W7z,
(H) Org
ETOEAT—RIE 16 kHz DR ERTH 5.
FyEMIZ UBM, TV 1741, PLDA 228 LET Z &1da A
MDSFEFIZ D Do T L E D 7-DHENTITZR\N. TD72d,
AFEERTIZ UBM, TV 1741, PLDA OH#EEIZ1% 16 kHz T
o) v raInilERE 2 Wz, (G) Down (IZBIL T
D& UBM, TV 4741, PLDA IZ i\ /- %A 7 — X 13 8 kHz
KEYUH YT T INT— R RV RS TlE
ZODOYFI)AERELR. —DOHIXERT—X, T A b
TR YT VT EERR R GETHD, =D
HIZTANT—=ZOANY VTV VI REERI R 56
Th5.

HEFHIZ 1% PESQ [28], STOI [29], RMS-LSD % F\»
7. PESQ & STOL 3R &M & S BRI 2 Z & (2
X 0 HALFEE O HARMEZFHE L TWS. PESQ i 0(bad) »°
5 4.5(best) £ TTRIE TN, STOL i 0(bad) 7*5 1(best)
THRE XN D, RMS-LSD 13 &4 & Sk A O x4 A
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14.63 14.59

(A)Up (B)Lpas  (C)N-Bwe (D)Up (E)lLpas  (F)N-Bwe  (G)Down (H)Org
L TR )

Train Trial

4: FHEREFERHER (Development & 2 27)

16.26

(AUp (B)Lpas (C)N-Bwe (D)Up
L 5

(E)Lpas (F)N-Bwe  (G)Down (H)Org
)

Train Trial

5: ahm AR (Evaluation X A 27)

A7 PVHEEZ R L TH O, HMRWIE EHREEANE N &
ZERLTWS.

4.3 RRRER

¥ 4, 5 IZFEIT L D EER 2737 X4, 5 T & A
IDRILBH 00, FIEFR UMEALAE SNz, £ T 4
EHWCHERZE53T 5. £7 (G) Down (8k) & (H) Org
(16k) % b3 % & EER (% (H) Org (16k) D AAMEW. Z
NEO YTV VTR E DA SN &
MRhhd. RIT (G) Org (16k) & (A) Up (train) % I
%. (A) Up (train) &7 v 7H 7Y vz k oy o7
VIRBEBIIRERE L RIA D00, MEERE S ICERE
FioTWig\, 202 &» o @il OH A H G
DHREMRIZKRESVELZGAD I L 2R L. Xk,
(A) Up (train) & (B) Lpas (train) Z KT 5 &, ZDD
BEWIEFIER S IEEVERINTOWE0ENTH S50,
(B) Lpas (train) ® A DNEE MDD G W20, T OFERD
SEERAICBEVWTEHFHRIPEETH D VA D, RIZ,
(A) Up (train) & (C) N-Bwe (train) % I3 5 & (B) Up
D& F LFKIZ (C) N-Bwe (train) O 52 A VERED U
INTVDZ DR TE S, IRIZ, (A) Up (train) & (D)
Up (test), (C) N-Bwe (train) & (F) N-Bwe (test) % Fhi&
T5. INSDENIT AT — X DA EEL 7252,
TANT =X FOERRT — XM I ZE L 7220 D&
WTHEN, M4,5 5505 5ICBVWTHETANT—X
DADFHBREMRELSR V. ZhE D UBM ¥ TV O¥H
TR EREREET NVDOBET — X CRIRRELD B
BECETIVOZEENS EL VT EER ME T 5 2%
Zohd. IRIZ, (D) Up (test) & (E) Lpas (test) & & TH
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Development Evaluation
1.4 as 1.4
Good 5 | (F)N-Bwe (E)l;pd&. 5 F)N-Bwe (E)tpas
a 1.4 b 1.4 °
I (D)Up (D)Up
0135 . 1.35 °
Bad 13 13
95 105 115 125 135 145 155 1 12 13 14 15 16
EER(%) EER(%)
(a)PESQ
Good 0.97 0.97
(D)up (D)Up
_0.96 L 0.96 °
<] (E)Lpas (E)Lpas
@0.95 | (F)N-Bwe ° 0.95 (F)N-Bwe .
°
Bad  0.94 ° 0.94
9.5 115 135 15.5 1 12 13 14 15 16
EER(%) EER(%)
(b)STOI
25 2.5
Bad (D)Up (D)Up
L] L]
22 2
2 (F)N-Bwe (F)N-Bwe
E N (E)Lpas ° (E)Lpas
15 ° 15 ©
Good 9.5 115 135 155 1 12 13 14 15 16

EER(%) (c)RMS-LSD EER(%)

X 6: EER & &M E D LL#g

%k, (E) Lpas (test) &0 %5 (D) Up (test) D 5D FEED
B\, £72 (D) Up (test) & (F) N-Bwe (test) Z R TH S
&, (D) Up (test) DF & D % (F) N-Bwe (test) D J5h%%4
EPRRWV. 25 DFER KL D (F) N-Bwe (test) DFIEITI
AUREEZIETETVWILEEROND.

B 6(a), (b) I EER & PESQ KU STOI D FIIMEDBIfR
ZRUEHDTHS. PESQ & STOI 1 L83 % &M
WWRTZODORETHY, A7 HEWHBERERE W
Ze%RLTWA. M6 &Y, EER & PESQ, STOI D2
7 HBEAMENZ LA D h B, YU E A L ORIl 5
RMS-LSD & EER OB 6(c) I27F. RMS-LSD i
EAMEVIE EF G AW & 2 KT 720, (F)N-Bwe &
EER, RMS-LSD & & £ IZENWZ &b hd. Loz &
X0, BEELMG 2 BER 1ZH\HIRIZ 2 5 7255, N-Bwe
i EER, RMS-LSD & £ 12\ 2 & A SHERED W FET
HOLERD.

5. f5im

AL T, i-vector/PLDA IZH DK FEEHRE Y AT L
1Z& % N-Bwe OISR 2T 2 Z 2 2 HWE L7z, N-Bwe
i, FEETOTEIEENB VISR LE L U TIRES
7z. N-Bwe I HA7RIEREEA L 7+ LV X DA THE I 1
TWADIZEhNb 5T, GMM-UBM i< #FHERE
& RMS-LSD izBWVWTHERWERER G o b Z e BliE I
TW5, A TIEEEHIE S 72551235 LT N-Bwe 72
FEBEMALUZEAD PLDA ITESFEBEY AT LA
DOHBEERE L. EBRERLY, Ty B TY L
7B LI L T N-Bwe Z#H U 2B FE O S 0GEEBE
FEERZBWTEER D 178 B ¥ biET S Z & 2R L
7=, SHOFEE U TIE, x-vector (2D < Fk T DA
REREIFOND.



BHRLEF SRR E
IPSJ SIG Technical Report

B EE AR O—IIIRI B AR (B)2628006 12 &£ 5.

SE X

(1]

2]

B3]

(4]

[5]

(6]

(7]

(8]

(13]

(14]

Dehak, N., Kenny, P. J., Dehak, R., Dumouchel, P. and
Ouellet, P.: Front-end factor analysis for speaker verifi-
cation, IEEE Transactions on Audio, Speech, and Lan-
guage Processing, Vol. 19, No. 4, pp. 788-798 (2011).
Wan, L., Wang, Q., Papir, A. and Moreno, I. L.: Gen-
eralized end-to-end loss for speaker verification, 2018
IEEE International Conference on Acoustics, Speech
and Signal Processing (ICASSP), IEEE, pp. 4879-4883
(2018).

Rohdin, J., Silnova, A., Diez, M., Plchot, O., Matéjka, P.
and Burget, L.: End-to-end DNN Based Speaker Recog-
nition Inspired by i-vector and PLDA, 2018 IEEFE In-
ternational Conference on Acoustics, Speech and Signal
Processing (ICASSP), IEEE, pp. 4874-4878 (2018).
Prince, S. J. and Elder, J. H.: Probabilistic linear dis-
criminant analysis for inferences about identity, Com-
puter Vision, 2007. ICCV 2007. IEEE 11th Interna-
tional Conference on, IEEE, pp. 1-8 (2007).

Brummer, N., Silnova, A., Burget, L. and Stafy-
lakis, T.: Gaussian meta-embeddings for efficient scor-
ing of a heavy-tailed PLDA model, arXiv preprint
arXiv:1802.09777 (2018).

Bahmaninezhad, F. and Hansen, J. H.: i-vector/PLDA
speaker recognition using support vectors with discrim-
inant analysis, Acoustics, Speech and Signal Processing
(ICASSP), 2017 IEEE International Conference on,
IEEE, pp. 5410-5414 (2017).

Snyder, D., Garcia-Romero, D., Povey, D. and Khu-
danpur, S.: Deep neural network embeddings for text-
independent speaker verification, Proc. Interspeech, pp.
999-1003 (2017).

Snyder, D., Garcia-Romero, D., McCree, A., Sell, G.,
Povey, D. and Khudanpur, S.: Spoken language recog-
nition using x-vectors, Odyssey: The Speaker and
Language Recognition Workshop, Les Sables d’Olonne
(2018).

Shon, S., Tang, H. and Glass, J.: Frame-level speaker
embeddings for text-independent speaker recognition
and analysis of end-to-end model, arXiv preprint
arXiv:1809.04437 (2018).

Miyamoto, H., Shiota, S. and Kiya, H.: Non-linear
harmonic generation based blind bandwidth extension
considering aliasing artifacts, in Proc. APSIPA Annual
Summit and Conference (2018).

Nidadavolu, P. S.; Lai, C.-I., Villalba, J. and Dehak,
N.: Investigation on Bandwidth Extension for Speaker
Recognition, Proc. Interspeech 2018, pp. 1111-1115
(2018).

Pulakka, H., Laaksonen, L., Vainio, M., Pohjalainen, J.
and Alku, P.: Evaluation of an Artificial Speech Band-
width Extension Method in Three Languages, [EEE
Trans. Audio, Speech, and Language. Process., Vol. 16,
No. 6, pp. 1124-1137 (2008).

Sriskandaraja, K., Sethu, V., Le, P. N. and Ambikaira-
jah, E.: Investigation of Sub-Band Discriminative Infor-
mation Between Spoofed and Genuine Speech., INTER-
SPEECH, pp. 1710-1714 (2016).

Seo, H., Kang, H. and Soong, F.. A maximum a
posterior-based reconstruction approach to speech band-
width expansion in noise, in Proc. ICASSP 2014, pp.
6087-6091 (2014).

© 2012 Information Processing Society of Japan

[15]

[16]

[21]

[22]

[23]

[24]

[26]

[27]

[29]

Le, P. N., Ambikairajah, E., Choi, E. H. and Epps, J.: A
nonuniform subband approach to speech-based cognitive
load classification, in Proc. ICICS 2009, pp. 1-5 (2009).
Sak, H., Senior, A. and Beaufays, F.: Long short-term
memory recurrent neural network architectures for large
scale acoustic modeling, Fifteenth annual conference
of the international speech communication association
(2014).

Fukuda, T., Suzuki, M., Kurata, G., Thomas, S., Cui, J.
and Ramabhadran, B.: Efficient Knowledge Distillation
from an Ensemble of Teachers, Proc. Interspeech 2017,
pp. 3697-3701 (2017).

Larsen, E., Aarts, R. M. and Danessis, M.: Effi-
cient high-frequency bandwidth extension of music and
speech, Audio Engineering Society Convention 112, Au-
dio Engineering Society (2002).

Thiruvaran, T., Sethu, V., Ambikairajah, E. and Li,
H.: Spectral shifting of speaker-specific information for
narrow band telephonic speaker recognition, Electronics
Letters, Vol. 51, No. 25, pp. 2149-2151 (2015).
Bachhav, P., Todisco, M. and Evans, N.: Efficient
Super-Wide Bandwidth Extension Using Linear Predic-
tion Based Analysis-Synthesis, in Proc. IEEFE Interna-
tional Conference on Acoustics, Speech and Signal, pp.
5429-5433 (2018).

Un, C. and Magill, D.: The Residual-Excited Linear
Prediction Vocoder with Transmission Rate Below 9.6
kbits/s, IEEE Trans. on Comm., Vol. 23, No. 12, pp.
1466-1474 (1975).

Povey, D., Ghoshal, A., Boulianne, G., Burget, L.,
Glembek, O., Goel, N., Hannemann, M., Motlicek,
P., Qian, Y., Schwarz, P. et al.: The Kaldi speech
recognition toolkit, IEEE 2011 workshop on auto-
matic speech recognition and understanding, No. EPFL-
CONF-192584, IEEE Signal Processing Society (2011).
McLaren, M., Ferrer, L., Castan, D. and Lawson, A.:
The Speakers in the Wild (SITW) Speaker Recognition
Database., Interspeech, pp. 818-822 (2016).

Nagrani, A., Chung, J. S. and Zisserman, A.: Voxceleb: a
large-scale speaker identification dataset, arXiv preprint
arXiv:1706.08612 (2017).

Chung, J. S., Nagrani, A. and Zisserman, A.: Vox-
Celeb2: Deep Speaker Recognition, arXiv preprint
arXiv:1806.05622 (2018).

Snyder, D., Chen, G. and Povey, D.: Musan: A
music, speech, and mnoise corpus, arXiw preprint
arXiv:1510.08484 (2015).

Ko, T., Peddinti, V., Povey, D., Seltzer, M. L. and Khu-
danpur, S.: A study on data augmentation of reverberant
speech for robust speech recognition, Acoustics, Speech
and Signal Processing (ICASSP), 2017 IEEE Interna-
tional Conference on. IEEE, pp. 5220-5224 (2017).
Rix, A., Beerends, J., Hollier, M. and Hekstra, A.: Per-
ceptual evaluation of speech quality (PESQ), an objec-
tive method for end-to-end speech quality assessment of
narrowband telephone networks and speech codecs, I1TU-
T Recommendation, Vol. 862 (2001).

Taal, C. H., Hendriks, R. C., Heusdens, R. and Jensen,
J.: An algorithm for intelligibility prediction of time—
frequency weighted noisy speech, IEEE Transactions on
Audio, Speech, and Language Processing, Vol. 19, No. 7,
pp- 2125-2136 (2011).



