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Abstract This paper proposes a new technique to estimate perceptual age of a speaker by using speaker recogni-
tion techniques. Firstly, listening experiments were carried out to define perceptual age of speakers in a database,
who covered a wide range of real age. Next, every speaker in the database was modeled as GMM. Estimation of the
perceptual age of an unknown speaker was done by expecting the perceptual age of all the speakers in the database,
where likelihood scores calculated by matching the GMMs with the input speaker were used as weights. Perceptual
age of every speaker in the database can be defined either as a value of age or a distribution of age. In this work,
both definitions were compared experimentally. Correlation between the perceptual age defined by listening and
that estimated by machines were approximately 0.9 in both cases. But some benefits were found in the experiments
when the perceptual age was modeled as a distribution.

Key words perceptual age, listening experiment, age distributions, speaker recognition, expectation, PUI

EOIESEERECEHEENS, K, AN, MW, Fink s
DOIEHILEE L FrE M E H 28 LTl L T 2 E#] T
wds, BEFRINSD TEKINTW Ay FERICBERIC

1. BLUL&BIC
AE, SRR O TIRIFEIE 1< X 0, G RO 2

Ay 27 LKA fTbNE K HILm->TE, 20%
CiE, AR & 2875 A % B &2 v ¢ Mg m e
1, L, XTI NEWMOAICED LTS 25 L BE HilfH
LT3, LaLl, BABEHEL LSBT ERIESHEBRD
ATIREL, XFEEBIRBICEEFNLVE L FOEXPEE
LWL 78T SR, Wi, @AM, M, fEl, SR

THIL, ZHUEED VT F —PHFERA A V2T 2 TR
DRIz WIBZTREIC L T3, RICHARD & 9 R H—RiE
ER T TRWVEOFER, L) BETRIING, ZDHDE
PRAEZML, HYSHMEZ TITRI0H 2L TR
720 METHE0E) DOHWIEHEL 2> T3,
INHEEZETLE, 58, LVEERA VY I I avEk

01—



FEL L) L2546, XFEHROATEL, HTOREZA
W9 5445 —7 x4 R (PUL Perceptual User Interface) 3
RAIRTHS 9. %I TRIETIE, PUIDBRFOREBERED—
DELT, FHLTIERRNICHEL TV AEHTH 2 TEH
DIERE EED SRS 2 B>V TORETT 5. R
WA, L FOEYENERE, 5L FOEE 2 E R
I EFPRERL 2HARNERD O EZ 650, Kiff%ET
BHBREENRET S, 21Uz, HEFEPEROEHRE ICICITE)
2HT 254, HICHENERICEDIHWTWENSTH S,
AT ET, THLOEBEE TOEA T —F =2 (M
T, DB LHET) NOFEE IS LT, 30 DI X 2 HEHL
Sl L CMEN R HET 5. LFAKHC, DB O&FE
Z CMM 2T ETFUET 5. 20, ARNEREZ, &
DBEEH LD GMM A a7 x&EA L LTH, DB EEEICE
BEBIN TV HENFROMIHEERFE /TR ) 2 L CHEET 2
ZExrEAB, T, MENEROL A E LT 2 DN
Heiat 5, BB, & DBEGHICN L THENERZ 1) 7~
WELTERARGEL, 2) ot LTEALGAERET 5,

2. EERRRRICKL DMENFROHEE

2.1 ERAUVEERT—Y LHBRE

BB 3 20 IRATBE DR 30 4 CTH 5. FITEFERHEE I ff
AL 7ERT— 2 EBUEFEHEDO AT, INAS-DB(20~60 j%)153
4 (1], S-JNAS-DB(60~90 /%)202 4 [2], F#i57 DB(6~12
%) 141 4 [3] DEFF 496 £ CH 5. BEHUFEERE USB ~v Fik
YEMHL, Web Lo, ElE ORBICT T REIVNE
WIENEZONBD, AT LEERICA VIR X 5T
HEEFEMPZLLTCLEHIDIRITE L ko, FRELL
HAML 78, BnEsEE LML,

2.2 ERFIE

PBRE IS DB IO E 1 XOEF 2RI L, filic& U
0% 0~110 %, 1SZARDOHH» 5L, I o5IHFL L E
i, o, B SBEREIIC LA, BREIET VY LR, &
B, #EARERPCEONFICH ET o s (R {iEH
BEFZHRAETTWR) ZEBEZSNBEDT, FKFAENFIC
WAL 2t EZ L kR L, £k, A—FHAEZEDOX
BHHEONFIC OO TOREBERIcRAE S X1l BHig,
EEH (FICBPE) % RE->T0E R0, HFETHBI LR
B U7 AR DT 2 X ) B L7, RTINS - ¢,
TEHUE R AN QMBI A A — 2 2T 2720, FHERD
HH % EEE B A TICE 7 SRS ¢ 7z,

2.3 KRBEREEER

R (30 A) ORITLNAER O & EHERZE %, R
#%DBiEE G496 %) 2o T7uy FLAEDDEK 1, X2
WY, e R L, FIRERTERDS 0580 5 80 i E TOMIC
IR AL T2, ISR T — 7 B0 ER S Bl s n
Tw3, $7, THF—5 DX F 307 d £2 IRAER
B, AL EDF— 1% +4~15 B &L W) KRERIEZ R o
TWR I EDbeot. LaL, MIEWERICHE L TiZs-o
EMRELRDEEZD EINRBZYLRBERTHDE LA S,

100

Average of perceptual age

o 50 100 150 200 250 300 350 400 450 500
Speaker ID ( 496 speakers )

X1 % DB ifi#Z & ot ER DT

Fig.1 Averaged perceptual age of DB speakers over the listeners.
D

2 14 + 4
s 137 N
=2 12 - -
g 11 + E
1= 10 + i
3 o L il
S 8 T
S 7+ ]
s 6 B
] 5 J
=}

= 2 ]
3 B ]

2 4
§ 1 B i
2 O L L L L L L L L L
0O 50 100 150 200 250 300 350 400 450 500

Speaker ID ( 496 speakers )

2 % DB ¥ O & OHfEEEE O REENR 2

Fig.2 Standard deviation of perceptual age over the listeners.

3. HMENFEHINIZRAWVIKRMANFEE DA
REFHEE

AR MUVEHRICERES LEIBdobhd I s, A
s & R O %GR AR & PV C 91 % REE
DREHETIT) T EDTE S 4], F7, —MRICHImE OE R
RKIFTH55, ZHUH L CRIE T —F TET V2 HEH/
WIET 2 2 L TRMESYESI NS [5]. £, TOTFER
K FENEOIRA & RKE S B2 2 7- D ICIER I V238, [FH
RRICTHROGENWE Z L ICET LV ETEE /WG T 52 LT
TREIYGEIND 6], TNXD, AFFFLCE O THFEELR
Bz 22 e L, Z2RIC &> THESEBRBRE 30 %4
ZNENOAEMNEMOWEE DM T2 HB T2 L 2R 2,

3.1 #EAE

HEEHEIZRD X ) TH 5. 1. % DB FHHD GMM % 7B,
2.(RAN ANFFHE GMM EDLER a7 %FHH. 3. % DB
FH ORI 7~V & RER 2 7 OWIRMERFIC X > TR
WG 2 58, DIT CRIBEELR EIC oW TE L BT 5.
KBRS EREMEE IR L, 2.2 @B T EBINME
FLRUDEOLEHESIN 89 4% DB itE»5RE, 20D
FERIR - 72 407 ZZ2 M L 72, B/ DB EEOWERIE, T
3% 7 DB59 44, JNAS-DBI8 #4, S-JNAS-DB12 4 TH 5.
2 2 TTERE DL L B 03 RS O IERDSIERT 12
LW TH 2 [6). £, MEFHDICEFEEERIIZENLTY
BODT, GRS R T L2, GMM IZEAS
16 £ L, ¥BF—2 3% DBiEHICO>E 60 L Lz (7).
AERA7ZDHE ASEED GMM I 2 0 HEE%, 7
L—ARTIERLL, REICRLEZEAE LTHAL .



#1 OFEEEME
Table 1 Conditions of experiments.
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