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Machine intelligence,
ambient computing,
sensitive devices,
proactive machines

* “We need machines that better
understand people, so that people can
better understand machines.”

* “Sensitive machines can be made pro-
active, not needing to wait for instructions
but being ready with an appropriate act.”
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How do you fix the ears on a robot?

You give them better eyes!

= By watching how people interact
* And listening to how they speak

» But not bothering much with what they say!

" like your.
cookies.




Following Meetings Data

» 2-10 people sitting round a table

— upper-body movement only
who is participating how (to what degree)
— talking / listening / thinking / waiting to speak
basic primitives only
—no speech recognition
— no eye tracking

(simple unobtrusive devices)

Annotation:

* speech
— on/off
— long/short
* motion
— head
— body
- hands

First find the people, then watch what
happens around them ---.




Tracking activity

This is the output of the 360-degree camera that does the people-spotting
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It tracks and measures movements in the head area, and body activity below

Movement before start of speech
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Short and long utterances
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Tracking speech
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“Expressive
Speech
Processing”

the JST CREST-ESP Project
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The JST/CREST ESP project

Learning how people talk ...

« by listening to LOTS of examples

« recorded in everyday conversations
« over a period of 5 years

« all transcribed and annotated

+ and acoustically mapped




The
‘Pirelli-calendar’
approach

in 1970 a team of photographers took 1000 rolls of 36-
exposure film on location to an island in the Pacific in order
to produce a calendar of twelve (glamour) images.

-> similarly, if we record an ‘almost infinite’ corpus
of speech, and develop techniques to extract the
interesting portions, then we will produce data
which is both representative and sufficient for
studying the full range of speaking-styles used
in ordinary human communication,

The JST/CREST ‘ESP’ corpus

» The JST “Expressive Speech Processing”
project (ATR/ICREST) lasted from 4/2000 to
3/2005 and resulted in a corpus of 1,500
hours of natural conversational speech

* All recordings are transcribed, and about
10% are annotated for speaking-style, etc.

* The corpus is divided into 3 sections :

i esp_f, ii: esp_c, andiii. esp_m

Sections of the ESP corpus

« esp_f
— one female speaker, head-mounted mic, 600 hours of
daily spoken interactions, emotion/speech-act/etc ...
* esp_c
— 10 adult speakers, 5m 5f, 2 chinese, 2 english,
— 30-minute telephone conversations x 10 weeks
— all conversations in japanese, free content
* esp_m
— multi-speaker, head-mounted microphones, variety of
interaction settings (like esp_f but many more voices)

Transcription
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What's the difference?

+ The words are (almost) the same
— Yet the whole ‘feeling’ is different .....

» Shows speaker - listener relationships

+ Transcription of the speech may be the same
- but these small differences are very important!

+ And ‘GRUNTS’ are very common!
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Acoustic Analysis / Visualisation tool

Quasisyllable
boundaries

Boundaries of
quasi=yllahic Nuclei

Sq::;:n : : = | F contour|
cnn%‘ i iy
RIS r R
., Lo
Fn;;in_n]pv_t' | | ] Cepstrum|

mpos itef

e E A
S S PUR P S TN

o o = = nﬁ"-smﬁ]
Glottal AQ| = \sure
pressed [P Ol ) LS Z s =, [relfabiic

3 4 i B e e e 2
brewily Estimated voeal-tract

arca-functions

An example of how
speaking-style can change

+ 13,604 conversational utterances
« 1 female Japanese speaker (age 32-35)
« listener/speech-act/emotion labels

« Interlocutor:
Child  Family
139 3623

Friends Others Self
9044 632 116




NAQ by Interlocutor

Voice

quality

01 01

03

Talking to:

child family fnends othars seif
« child
4 FO by interlocutor
+ family 2
» friends. ., 58 . B 7
cothers ] N
¢ SEI'F child farmily friends others self

NAQ for family members

NAQ & FO

by family  : l_.II-
m] - mother ‘
m2 - father R e
m3 - b&bv girl FO for family members
mé4 - husband

m5 - big sister } I
mé - nephew E= m -

m8 - aunt R TR A G b

00 05 10

Conversational Speech

« Together, the listener and the speaker signal
both
(a) discourse & social relationships
(b) propositional content.

- Non-verbal utterances are commonly used to
signal paralinguistic information.

« These two forms can be distinguished as
— |-type (information) utterances
- A-type (affect) utterances

esp_c: paired conversations

» 10 speakers, 5 male, 5 female
— 2 Chinese, 2 English-native-speakers
—all conversations in Japanese
* 3 groups (A,B, and C)
— A —talking with foreigners
— B —talking with strangers
— C —talking with family members
— all talking with each other ... for 10 sessions

groupings for natural dialogues

female male
{ cfa efa cma ema ) (foreign)
/ \ Group A

jfa = jma

| I

jfb jmb Group B

| |

jfc - jmec

| | Group C
(fam) (fam) (intimate)

counts o T N T
G125 TFA JTA T | 93N EMA IMA
(utterances) 7359 JFA EFA 7433 IMA EMA
8827 CHA IFA x (cma jma)
9145 JEA CFA 7530 IMA CMA
] J FB 9236 FFA IMA
B499 IMA EFA
iy japan ese 7557 IMA CFA
i Y X (ctu-jma)
- female 8237 JFA COMA
X (cma-jix)
—qgroup B 8416 JFA EMA
g P |-~ | aSe0BMARRA [ A
. 10068 TFA IMA
CMA 7701 IMA JFA
: 9069 JFA JFB | B614 JIMA IMB
chinese 9378 IFB IFA 9465 IMB IMA
8033 JFBIFC | = 6983 IMB IMC
male 8234 JFC IFH 7735 IMC IMB
7686 1B IMC
group A [ 7222 IMC JFB
) 10005 J°C IMB B
(x: not yet transcribed) 7990 MB SC
13900 JFC Fum 9961 IMC Fam




the top-level web pages
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ESP-C Labeling Data Summary

Gorrcarsation Ohart 1
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the structure of spoken language

« one of the main goals of this work is to
model the structure of spoken dialogues

* to understand why they appear ‘broken’

+ to model the different types of information
(not just linguistic) that are carried by the
frequent (non-verbal) sounds and by
differences in the structure of speech

a sample conversation
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the raw data == »
+ transcribed speech
- start & end times con 35
+ filenames also show ’ * : s
speaker, partner, & by
conversation number = 7
* one utterance/line =l T1°
* noises and non- 5
speech sounds also 5 ors n-v
transcribed el

the hundred most common utterances
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counts of word usage according to
conversational partner

JFA: | CFA CMA EFA EMA JFB JMA
a,a— 143 145 | 88 89| 138 170
ano | 224 277 221 176 209 266
demo 41 24 31 17 |89 134
e— 48 51 37 25 74 94
hai 2932 2234 2181 3239 72 33
un,un | 1029 546 585 1190 909 1037

Frequency of “hai” for JFA-JFB

JFA_JFB_JO1 (first dialogue)
JFA_JFB_J02
JFA_JFB_J03
JFA_JFB_J04
JFA_JFB_J05
JFA_JFB_J06
JFA_JFB_JO08
JFA_JFB_J09
JFA_JFB_J10
JFA_JFB_J12 (last dialogue)
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Frequency of ‘grunts’ per partner

| Japanese
Japanese male
female
= A0S English
Chinese i | (for#g>99)
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some acoustic measures for JFA

“aa" |CFA CMA EFA EMA JFB JMA
“for 125 181 266 232 234 24
Om 201 214 220 192 206 198
pwI 28 29 29 28 31 k1]
pwm 38 39 36 35 42 41
C“unun” | CFA CMA EFA EMA JFB JMA
for 154 152 182 181 161 141 |
fom 172 175 162 145 198 174
pwr 28 29 27 26 29 ba)
pwin 37 40 36 35 42 39
“ano” | CFA CMA EFA EMA JFB JMA
“Tor 1067 1137 -1611 154 116811 153
fom 131 136 - 142 133 156 149
Pwr | 27 28 28 27 31 29
pwm [ 38 40 37 36 42 39

mean f0 values for JFA's SAS5A
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pitch range variation in 3
utterances from speaker JFA

differs according to interlocutor
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utterance frequencies for JMA

a a- a- a— a-hai |
296 | 368 | 693 608 386 |
a.hai a-11 ano ano- demo
577 368 337 494 272 |
e- e ee fun fu-n |
665 254 2679 642 273 |
ha.ai hai ha-i | hai.hai.hai o- |
978 7295 | 1657 378 456 |
I '""” ) lli;[llzﬂ Iié- L'lEd :‘OI_'I.
410 275 367 284 810
sl st un u-n u—n
429 296 3717 2401 333
unun | @W | zu- -
L 351 3041 1348 467

FO varies according to partner ...
mean f0O max f0 min f0
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as does signal amplitude (energy)

max min

fure 2: Plats of mean, maximum and minimmm rms amplitade (speach signal pawer) values for each of the interlocurors
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... and also the ranges of pitch and power
Figure 3 Ranges of fundamental frequency and power o nents for the affective utterances. plotted by

As above, CE.J stand for Chinese, English. Japanese respectively, and FM represent female and male inerlocutors. Both
0 and powet are photted as log values
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speech rate also varies across time

J1b

M ——
01 J03 J05 M8 J10 12

Figtre 4° Speakiag rate changes over weekly ssions

talk’s focus : frequent utterances

« utterances that are frequently repeated
can be used as comparison points ...

» small differences in voice quality and other
prosodic parameters can carry significant
information about the speaker state

* i.e., even if we do not know the speaker
well, we can use common speech sounds
as an indicator of changes in that persons
affective state(s) and discourse intentions




Detecting frequent utterances

« if a computer program can detect these frequent
utterances, then it can analyse these small
variations in their prosodic characteristics to
understand more about the speaker, the
intended interpretations of the speech, and the
discourse flow

* oneway is to use a dictionary or word list
{one-hundred words >50% of utterances!)

discussion

* Prosody varies according to the nature of
relationships between speaker and partner

» By tracking frequent repeats, we can detect
small changes in these relationships

+ Small changes can be easily detected by
comparison between frequent similar
segments that are close in time

acoustic features and
principal components

PC1 PC2 PC3 PC4 PC5 PCH PCT PCB PCO PC10 PC11 PCE2 PCI3 PCLE
fuwean -30 1 25-20 11 -3 4 -7 8§ 3 4 27 71 0

feax -4 10 23 ¢ 9 1 20-2 18 18 36 -3 -6 O
fain  -20 11 17 -46 2 -26-27 15 7 -4 -62 -0 -26 O
ipct -6 20 -1 -22 -J0 46 -62 -25 11 18 2 -0 -2 ©
fved -8-23-30-29 -7 6 36 -6l -15 9 -28 22 -7 ¢
puean -36 -26 -31 20 -16 -7 -7 -7 -I7 -2§ -16 -390 30 ©
peax -3 -12 0 42 -5 2-27 1-37 -30 § 56 -3
pain  -20 -26 -37 7 -12 -3) -10 32 20 G 2 1n -1 9
ppet <16 16 -15 <10 -31 30 45 46 23 27 -6 0§ -3 O
hik2 -13-30 32 1 6 33 & 25 -4 41 -2 -5 1 0
hla3 9-50 3 -12-25 -0 -1 -8 20 -12 7 1 1-67
h1 5«57 -4 M 19 -7 -1 43 -21 § [
3 -5 0-39 -1 62 40 -5 12 27 -0 0 -1 -1-4
do 5 18 22 51 -6 12 T-27 490 14 -51 5 8 0

Principal Components Analysis

PCA in R (r-project statistical software):
prcomp(un, retx=T, center=T, scale.=T)

3 components: 50%, 7 components: 80%

Importance of components:

PC1 PCZ PC3 PC4 PCS PCE PCI PCB
Standard deviation 1.65 1.53 1.38 1.32 1.12 0. 96 0.89 0. 83
Proportion of Yariance 0.19 0.16 0.13 0.12 0.0% 0.06 0. 05 0. 04
Cumulative Proportion 0.15 0.36 0.4% 0.62 0.71 0.78 0.83 0. 88

PC® PCI0 PCH1 PC1Z PC13 PCH4
Standard deviation 0.74 0.71 0.61 29 0.23 0.0004
Proportion of Yariance 0.03 0.03 0.026 0. 006 0.004 0. 0001
Cumulative Proportion 0.%2 0.96 £.98 0.99 1.00 1.00

First 3 principal components plotted by
utterance number (date of dialogue)

> PC1 : - PC2
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conclusion

+ this paper has presented an initial analysis
of the jst/crest esp_c corpus

 which is balanced according to speaker
familiarity, sex, and ease of interaction

* showing that speakers modify their
speaking habits according (perhaps?) to
familiarity with the interlocutor

* and that the “ill-formed” nature of speech
serves to carry important social information

... more conclusion

... and has presented a simple program
for analysing the transcriptions of the
conversations to
— differentiate between frequent “wrappers” and

their linguistic “fillers”
—to provide a measure of the differences in
“social prosody” in conversational interactions
* this is work in progress ...

—s0 | hope to benefit from your helpful
comments and suggestions

some initial findings :
acoustic differences

* people change their speaking styles
when talking with different people

— this is plain common sense (nothing new!)
but nice to be able to measure/quantify

« people also vary significantly their pitch
ranges and voice quality settings, even
for the same utterance

Latest devices

SONY RPU-C251 (desktop version)
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thank you for listening
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