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CASA (BIRIZIEfZ. Computational Auditory
Scene Analysis)
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Speaker Identification g Face |dentification
and Verification and Verification

Face Location

:

Viseme

3

Lip movement

Speaker Direction

:

Phoneme

I

Speech Signal

1<

Table 4 Mouth shape symbols for the Japa-
nese vowels and consonants.

O3 (viseme) e

symbol
[l [a
=5 ISINEAR Shape of the mouth of cach of the
= * five vowels
‘BARFE 13 B
i
{ EE}]} ~ p: Shape of the mouth of the lip closure
sMesH | [m]
*/Nfo 21 1@ JIBIF . Stave of the movth of the i areo-
w
)
o = [ Quick upward and downward move-
wWER (] t of the tongue ti
.|~,r Jﬁn 121@ Vo mment of the tongue tip

[ - Lower side of the tongue

gy  Constriction by nttachmg the tongue
S¥* to the hard-palate

—_ = Its]
.7 7 :/ Z EE 2 1 1@ ‘f [Fs?} o Sgnﬁn:‘:?z ll‘?;a attaching the tongue
1
[

| ;. Tramsition from the shapo of the
i ¥* mouth similar to [i]

~v Shape of the mouth of the following
© vowel

#c /& fiT (Lip Reading)

1. Audio-Visual Speech Recognition

2. Coupled HMM (Intel @ OpenCV. IBM&,[E#%k)
Phoneme

observation nud O g }
mixture nndes | |::| | l:j|
backbone nodes —

. ~ o~
Viseme _ :}‘“\ - /'“(_\_ - AN
backbone nodes H

mixture nodes Hl | : _—r| : Ej}l—gnt

observation nnde&\w, \je \j \) ?;}
=0, =], e 1=T-2, £=T-1
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Coupled HMM for AV &

observation nad .
P m = Eilzil
backbone nades e _

o - ><" ‘“=<’ 3%

backbone nodes

=490

obszreation nodes |
=0, =1, r-Tﬁ, [-T 1

Intel @ Coupled HMM D% &E
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audonisual

Audicanly

wideoonly
a0k =

i% ,|-Eé£ yEA |‘E§ EE\ uﬁk 0) %}E =

mEE X E (Ekman &Frisen)

« Facial Action Coding System: 44{E®Action Unit(AU)

- Pleasure, Fear, Sadness, Disgust, Anger, Surprise [ZE8{&32M (%, AUL
(BoREIZELITS), 2(BOSMAIZELIFS), 4(BETIF5), 5, (LgE L
1£%) 6(J8Z EIT3), 7(@ZELM D), 9(RITH), 10(EEZLIFS), 12
(BiRzE31ELIF3), 15(ERETIF5), 1732 LIF3), 20 (BZEHEIZEI
&%), 25(FAETIFTICBEEMC, 26 EEE T IFTBEEMRC)

BEEMNLORKIERH (Fernald vs Johnston & Scherer)

« Intensity, FO floor/mean, FO variability, Sentence contour, High
frequency energy, Speech and articulation rate %

- Stress, Anger/rage, Fear/panic, Sadness, Joy/elation, Boredom 2%y

»Pitch mean/variance, Maximum/minimum pitch, Pitch range, Delta pitch
mean, Absolute delta pitch mean, energy mean/variance/range,
Maximum/minimum energy %

»Approval, Attention, Soothing, Neutral, Prohibition
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[ Recognition Result of Separated Speech ]

f
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[ AV Integration in Name Level ] L4
Ml : ubts:  FacelS } Name | -
Speech Recognition f{ Face Recognition

L]

scpardliSpecch —gw;:)ﬂ i — .
b n %ZT_“/(:*E
J BE®RE
( AV Integration in Location Level | T~ _.I__,_ o
* BHILANIL

ORy IR ERETILOMER

Sound Source
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Auditory Processing  Visual Processing

BHOETERHREMEL-TRE M
» EEHESEAELEEOIIL—EVY
« IPD(AERAHEZE) LD (MEREEZ) R ALRRER - BE

» IPDEIIDDFEIEE% Dempster-ShaferfE S B THAL. RAKEEELELD
75 & ER%E H 71 (IPDIX1500HZ A . 11DI£1500HzEL )

Prak Harmonic | (Calculation of | Matching Probability Integration | | Sownd
Extraction Structure || IPD and 11D Pl af Harmonics,| | Soaursy
Extraction | | + 1 TPD and 1D | | Direction
Left Channcl In_A i
bl | i
| i M
Y Right Channc| |~ Hamonss 1| | (8 e
o w | |f
s i M ||
| Cancellation J | T
- gl : 2
v | |
Hypothesis oy .
Crestion 1 o 1.
by Scattering =1
Hypotheses] M 20 =<




K EEREE B AT L

1. BENZKDEMEDOREEICIEE
B LIS R,

2. POT4TI\—t T3 T,
EMENEBFREZRIZIT DT,

18 2 O EE OBEER 2 1H MmN
BICKYIRET 2ENHD,
3. EEMTERREICLSERRE

DfEHE

REFREREEFBH AT L

Gigabit TCP/IP Network

ATLAERG - ERH - TRAE - E—2HHOERKS
TEHE-FEERICE SRR

RETDARERKS

8 RPUY—L: AN EFRARICERLEZED
o BARUK  AM, SARY, EvFE
o BEANRUL: fIE, BAIFZE Stream Association

" PYST—IaATKBHE | %

— Associated
Elapsed time  stream

Face Stream
e

Sound Stream

———— events
Elapsed time

j Face localization
module

Sound localization
module




N3
7I)OIT—30FEVa—)L
Association Module

Stream

ssociation] [Deassociation]
Stream
40ms 100ms,

Auditory Event Motion Event Visual Event
B ARUROREE CHOELHRESEA. 100msEAH TR, 500
msDEIE)
B2 —LDERFEEAARUEE10E, MEARDF40cmBERA
DD % EFfE A A HE#E)
B 7YY T =23V AN —LDER (FREERR) — LM 1FET50
OmsA LR CHIBF SNz &)

Y OUEIN A5

Radar and stream chart

t»
™ T _‘\Em
— v IR Association stream
L Nakag ‘mudltory and visual info
e 16 agh blue: auditory info.
= g green:visual info.
I -
= '." b — Auditory stream
wly i 2 ,-'i. N A ;.!
. o ALY, ot
LI P o
LTS -'lnn.'"l g
L 4 ! ..."
o
-
FRIBEFFE

MAECLIZE T 5L FERDOIFELLLE

[y
HoE | Fens | et | T B
Rt | A
’ A A
BRER | €76 | @apw | @mozs | 1| X
) W
| esm A o
BEEDH | maman | @m@o |@oxszzz| 3 | O
) #) &)
~ 45F%
ATLAR| caman © © 3| x
%




Sy TICBITAHEENTHER
22D Fv—hkhlocclusion LREFNDELFEESE
FSYITETWNADSIEETRLTINVS,

oYFRLT DIEFES

TV IT—2avI&YSyF T DERIEAEHE

-
- wtitery
a Strn e
Audory § 7 t B uouim
Swmfa W2 © "
Cart | e tary
L troam . Al
lonj 3 NFEARDASIDNNERDNDNEYEN®GQ
o e
ol |
e T
oat 2
ia
-
P o ! ww o ow
.
Mot |
E'a“:";: o2 B M 1 ubjurnl
-

RN 7OT47 AREIBRE D4)LA
) |

Each Subband *

r rﬁ:‘;'v‘\i-} t-',lk..ill';ul;m a M.:;b:'h.l\n!; z _h~|»'; tion T Fierng 1 Sepanicd
| (‘l’l('|nnnu|b:::l.:_’g!.‘:ﬂ::'é s } N jg'n::
Ry M_ ™ "

— L} ' '*‘;"“"'
Direaion of i ‘
% 1 s Hangs
] = :b_"?u‘:'u'u'::l"f-’}m. Active
IH 1P Sensiivity i m_rmi
« ERETHEAROTREHE
= WEEAAAE (IPD). MEREMEZ (11D) - 2203 1Y
» AAFREIEHRMSIPD, IIDIREED LR
o BEERIDEA—IOE B
w GEIREME: | IPDypy — IPDyyo(6) | < S eo(0)

11Dy = 11Dy 00(9) | < Sun(6)




FER1: BIRENM
= 100Hz OFFKEES (100Hz - 3kHz) D FELL

BERELER

Sound Direction (deg)

- Scattering Theory ]

= Auditory Epipolar Geometry |
s |

0 10 20 30 40 350 60 TO 80 90

Sound Dircction (deg)

= S0EFETIX. AEEDHEE
s SOEU LIRS ERELERDBEELNT L,

Performance of Sound Localization

= Sound localization : sound mixture of harmonics
100Hz, 111Hz, 146Hz and 234Hz

= Maximum numb-# =% =*==-*====2 sounds : 3

| i . =
v v
2 Simultaneous Sounds 3 Simultaneous Sounds 4 Simultaneous Sounds

direction betwoen speakers (deg)

WRR (baseline) WRR by Human

3-best DFER . 1-best &
RLCCHWNMIETH L
RLCEEANTE., ARBD/
TH—IUREBADER.

3 30 4 s 60 70 &0 9
direction between spenkers (degh

WRR improved by AV integration
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Evaluation 2: Sognd Extraction
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» 100Hz DFFEHEES (100Hz - 3kHz) D5 Bl

» FRARICHT S5 B FELAE
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o5 H—
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c -10 .
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= -15 Scattering Theory
Ll>j Auditory Epipolar Geometry 1)
-20
0 30 60 90

Input sound direction (deg)
SRMICREIERA—ROMEFELAFL
BARMOEICHTHONRMEDRA E

RER3 = FE A R HEE DT = bk
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Auditory Epipolar Geometry
—&— HRTF

Word Recognition Rate %]
[ E =
= = =
- .

o
Xk
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11
Fill
Fill|
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N\
7

(] 0 20 30 40 50 (1) 0 B0 90

Angle Difference between speakers [deg] i
Speech recognition rate

= 20% DRHBEOA L — FREM-DEEORLEIZED

EvF Dt

= Spectral subtraction FAZERE)) A=K
s SRCTERE
* BiHBSS &Y 200 &5
* FETOREBIEIC & D RIK B3 AR AE D IRBR AR
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Direction-dependent Sensitivity of DPF

g £

P
-

mated Direction {deg. )
P

—— Sound localization
Ideal

0

g
E

0 10 20 30 40 50 60 O B0 %0
Sound Source Direction (deg.)

0 [7] [} [}
Sound Source Direction (deg )
Distribution of sound source Distribution of sound source
localization (average) localization (variance)

B The error of localization is bigger for the periphery.
B Phenomenon similar to visual fovea

— auditory fovea in Direction-Pass Filter

TOT4T AREBE T A)LE

Calculation Matching
of IPD

T = n
FT1i & 1P

1PD)
g Auditory
<8 Epipor
thon—w ey Desimetry
Sound Source " S [hirection B
localization e 816G coordmate) | e
Each Subband L1PD " Sensitivity

» BEAIER-SHM-HELERETERM A
fI4AZE (IPD) & 2 F IR/ Bl
« AM—LDOEFEREFIA

- FUBREDBWMIERFRBRNEOND
o FIRARITRELUE SRR B I (A)
» TOTATEEMEICEBRRER £(B) B

Auditory Fovea based Pass Range Control

B Optimal pass range depends on sound source direction.

Cure Directipy I

Extraction Ratio (dB)

AR50 100 10,9 &)
30 =30 15
A0 -40 s
50 50
] -60)

2007 L R

0 210 220 £30 240 £50 260 £70 £50 +90
Pass Range (degree)

\ Extraction of single sound soury

T =70
X e f/\/»-\ .
o) pETREIE (deg.)
Pass Range (deg.)

Pass range control functig,

13



SRR DR

- BRBLEERBOME |
- 63\1- :é:o)gﬂg L Specches
- BHOBRBEREEOSED | |
ZEETIL i -
- 1751 X 356% — 51 DS BEET P E = ™Y
- 51 BEBHL AT LOWIIERT oty
- ERBIEI50 B BUpe
= BERREH etected
. —BHBTLTL—kTyFo e’ 4

o FUSAUERTHIBI S AT - |
- BIEEM DIEMEER
s EAE V(p.)= ;r(ppd)v(pe.d)@r(p,de)v(p‘dg)—r(pe.d!)Ja(pe)
- —F&MBaggingi%

_ 1 if Res(p,d)=Res(p,,d.),
V(p‘d)’{o if Res(p,d)= Res(p,,d.).

HELERICESI TR BDMERER L
= 100Hz DK IES (100Hz — 3kHz) D4 BfhH
s FRAMICHT S0 EEDE

0
o
o O A 4
) -\.
S 5o
&

O

c -10
o
=
3
= -15 Scattering Theory
Ll>j Auditory Epipolar Geometry 1)

-20

0 30 60 90

2 theicE R~ — 2 DR R g ction (deg)
BWAROFICKY HA/ARMED M £

AREL ISR OB R R D ERER L
- SEERNREOEERS

« RE—HRDAEZ0-0EFTE LS L RHER
« WEBHERTO=FEER L DFHBHE

100

F ~=— Auditory Epipolar Geometry
8O |~ HR I
= Scaltering

60

Word Recognition Rate %]
[ E
= =
\
»
/ III.-"
o
A
LTk}
b
f |I
L ]
N\
.)

010 20 30 40 S50 60 70 80 90
Angle Difference between speakers [deg]

» 20% DRFER L — FREM-DBEDOM LIZKS

14



AELERIC KD B RO ERER L

- SRERBEEOEE
b

» RE—HREDAEEE- <,
EFTLILIERH - .
=8

L] ZO@DIL\D&%%ﬁ—C@_nE

BEERDTEHRHEE L,
= 20% DRBHFERMLE —
FREM-SHORE v
I2&% 1Y

L *Eﬁfﬁﬁ.ﬁA( ct")nruu
FEH10~20%M L

-0
- 1IRT
]

@ 10 20 3 40 M 60 TO B0 %0

Amghe Bitwoem Speakers [deg]
HELEROIE

"
- HILTH

- s -

A

.c:-;//\. /K:_\.-::f

» D 20 30 40 0 0 0 B0 90

Ample Bitween Spenkers [dog)

HRHEEREOME

DSIKEFEETILIC
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direction of an
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Robovie-R2
8ERDTAY

EEHIME  (Focus-of-Attention)

n RRAFER - —T v )LIERER

n ZARYMNE, R VER:
EEZFRIEL. nnungkl./s REEERIC EOT
=] F‘Jf\'&’é"b\ =] F':'ul.. u& éb‘ 'iFET_
AR—ZDEFHEITI;
associated stream > visual > audjtory

m OV/NRZFUARYME V=2 v)LttiRR
=GB HIESCEERITS;
auditory stream > associated > visual

AFFENIEZRITS
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ATLANSUREEA~DIETE

Interpersonal TheorylZ&kA{E M4

1. Interpersonal theory based on two dimensions
e Dominant vs. submissive, friendly vs. hostile
e Big five theory is not appropriate for the current
humanoid robots
* Dominant/submissive, friendly, conscientious,
emotional stable, open

. Dominant
2. Interpersonal circumplex. compeive - Asured
Mistrusting . Exhibitionistic
Cold : Sociable
Hostile - I 1 Friendly
Aloof | Warm
Inhibited . /' Trusting
Unassured | Different
Submissive

TERIEICH T HEME

m Personality is represented as a point
(r, 6) in the Interpersonal Circumplex.

Dominant
Competitive _————_ Assured
=~
Misirusting (r, €)™ Exhibitionistic
£~ h
Cold ;’f / ' Sociable
f |
Hostile | | Friendly
Aloof f.f'rWarm
\ 4
Inhibited /" Trusting
Unassured ~—— i " Different

Submissive
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* More robust sound source separation and speech
recognition

e Speaker identification and verification by
interacting with face identification and verification

* Motion-based focus-of-attention control
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e Take initiative in dialogue
* Stop speech output by interception of new sound
* Allow decay of belief for unseen objects
3. Without measurement, there is no science.
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