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Understanding and Simulating
Discourse Prosody

Discourse position, chunking/segmentation, boundary breaks
and tones, FO reset...etc.

Lehiste, 1975 —English
Fujisaki, 1980’s —Japanese

Tseng since 1999 --Mandarin Chinese
— Language specific and need to be tested on other languages.

Oliveira, 2006 --Suya
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Acoustic Correlates Examined

FO

Duration

Intensity of voice source
Pauses and boundary breaks
-0 range variation

-0 reset
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Mandarin Chinese Discourse Prosody

e 1. Higher Level Organization and Discourse
Segments

—  Fluent continuous speech vs. discrete/isolated single phrases

— Domains, units and boundaries--multiple-phrase fluent speech
paragraph

—  Macro/Top-town vs. micro/bottom-up (why spoken discourse)

— Association vs. isolation

o 2. Hierarchical framework of fluent speech
prosody and implications.—Speech planning

— e.g. production undershoot, perceptual overshoot
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e Phonetic Investigation via corpus
approach

e Sinica COSPRO and Toolkit
http://www.myet.com/COSPRO

— Collection of speech data
— Development of analysis platform
— Toolkit development and prosody modeling
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http://www.myet.com/COSPRO

Sinica COSPRO (Mandarin Chinese

Continuous Speech Prosody Corpus)
(2/1)
The corpus-

11.99GB recorded speech

mostly read narratives (organization of spoken discourse)
80MB spontaneous speech

7.7GB annotated

1. Phonetically Balanced Speech Database (COSPRO 01,
2047.8MB, 18:38, 6 speakers),

2. Multiple Speaker Speech Corpus (COSPRO 02, 2141MB,
19:29; 100 speakers)

3. Intonation Balanced Speech Corpus (COSPRO 03, 3441MB,
31:10; 5 speakers),

4., Stress-pattern Balanced Speech Corpus (COSPRO 04,
244MB, 48m:; 2 speakers),
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Sinica COSPRO (2/2)

5. Lexically-balanced Speech Corpus (COSPRO 05,
568.3MB, 35:50; 2 speakers),

6. Focus-balanced Prosody Group Speech Corpus
(COSPRO 06, 2060MB, 7:30; 2 speakers),

7. Multiple Text-type/Speaking-style Speech Corpus
(COSPRO 07, 626.7MB, 1:32; 2 speakers), including
continuous word salads

8Prosody-unit Balanced Speech Corpus (COSPRO 08,
1500MB, 2 speakers), and

9. Comparable Spontaneous/Read Speech Corpus
(COSPRO 09, 80MB, 42m; 2 speakers).
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Features of COSRPO

1. Speech data collection

a. Fluent continuous speech vs. canonical
(discrete) phrase intonation

b. Reading of text to reflect speech planning
c. Design considerations in text composition

. Annotation design—perceptually based

(gap between speech and transcription of speech)
How do we listen?

What do we listen to?

What do we hear?
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Goals:

1. To construct the organization of fluent speech prosody
from corpus analyses.

2. To account for the prosody of coherent multiple-phrase
speech paragraphs in fluent speech as a discourse
unit/segment.

3. To specify cross-phrase prosodic relationships and
patterns systematically.

4. To derive cross-phrase prosody templates in relation to
prosody organization.
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Flow chart of speech data processing and

Task flow

output files and file names

Designing Text for Narration

v

Recording Speech

in Sound Pro

of Chambers

A

Hand Mappi

ng Recorded

Speech with Text

v

Converting Text to SAMPA

A

Segmenting
using

Speech Files
HTK

Spot-checking by Hand

A

Hand-labeling Perceived
Prosodic Boundaries

v

Analyzing Labeled

Speec

h Data
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Text for speakers to read

Editing Text to Match
Speech Files ‘

PG model
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annotation - Read speech

footnotes

1.
2.

file extension: *.text

Serial numbers for text and

wav files are identical.

sampling rate: 16000Hz -
sampling format: 1 channel 16-bit

linear

Hand Correcting Mismatch

File extension: *.adjust
Adjustments:

1.
2.

segment boundaries

multiple pronunciation characters




Hand Labeling Perceived Boundary (Tseng et al, 1999)-

Break Index (Transcription Consistency Maintained)

Definition

Characteristics

BO

reduced syllabic boundary

Syllable truncation often occurred in fast or
informal fluent speech.

Bl

normal syllabic boundary/SYL

Usually with no identifiable pauses, but more of a
psycholinguistic unit for native speakers.

B2

prosodic word boundary/PW

Perceived as a boundary where a slight tone of
voice change usually follows.

B3

prosodic phrase boundary/PPh

A clearly perceived pause.

B4

breath group boundary/BG

Perceived end of exhale cycle followed by inhaling
to begin another breathing cycle. It could be where
a speech paragraph ends where trailing occurs with
final lengthening coupled with weakening of speech
sounds. But the speaker may still go on by breathing
but not ending the speech paragraph.

B5

prosodic group boundary/PG

A complete speech paragraph ends by final
lengthening coupled with weakening of speech
sounds. The speaker makes a complete stop, take a
new breath, and begin a new speech paragraph.

Chiu-yu Tseng
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Sinica COSPRO Toolkit

COSI

Performing Acoustic Analysis Function Labeling Continuot
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Fluent Speech Prosody through Corpus
Phonetic Investigations

1. Phrase or IU as paragraph unit.
Why is IU NOT enough to generate speech prosody?
How do effects from top-down governing affect 1U?

2. Discrepancy between prosody and grammar
How PGs may or may not always correspond to boundaries of :
 Punctuations in text — language specific to Chinese
 syntactic boundaries — not language specific

3. Multiple-phrase phrase speech paragraphs as a
discourse prosody unit.

Prosodic Phrase Grouping ( PG) --The global melody and
rhythm that constitute fluent speech prosody.
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Example of Fluent Continuous
Mandarin Chinese Speech

» / = >

ok RAL Y LA PGER T B S F
Pt S0 R M TR S R E < BARA
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After annotation

@ @

B 2R 0 B3/114ms>d W L4 S A PEE T 3 5 F 28y
FE <B4/151ms>

fe BCRRIE (T8 & K FiE % X B° 42<B3/219ms> £7<B3/35ms> ¥ &F
i—%ﬁﬁi£$<> <B5/232ms>

T
5\\
[y

3

N
=

<B3/25ms> % F L I K ENIZAL p & o <B3/29Ims> { & &
Ji% 7k <B3/53ms> ¥ K 3F 5 M4k <B3/3dms> & A in 2 K
<B5/299ms>
Note:

1.Where the boundaries do not correspond to any punctuation marks (B3).
2.How the boundary pauses differ in duration.
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Hierarchy of Fluent Speech Prosody

e Characteristics

— Top-down government/constraints involved in
continuous speech
 Perceptual
» Physiological (breath group Lieberman 1976)

« Cognitive (Units of on-line planning and processing)
and unintentional
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Fluent Speech Prosody (Chao, 1968; ripples and tides; Fujisaki,
1980°s)
Tseng’s framework (2004, 2005)

PG




Prosodic Units and Boundaries in the Framework

Prosodic Group B5
&34 Breath Group B4 é
A ¢ 7
Initial PP Medial Prosodic Phrase Final PP
B3 B3
PW|PW| .. | .. ol e . |IPW
B2 B2 B2 B2 B2 B2 B2 B2 B2 B2 B2 B2 B2
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From PG to Spoken Discourse

Tseng et al(2004a, b; 2005a)

How PPhs are IC of PG and PGs are IC of discourse. Both PPh
and PG are therefore discourse units

PG
f/\\-.
BG BG
/\‘ \ -
PPh PPh PPh >
— N\ N T~ AR R
PW PW PW PW / / R o -
Ler [Ler [[ov |[on |[ o

SYL SYL SYL SYL SYL E
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Organization and framework ( Tseng et
al 2004a, 2005a)

1. Goes beyond IU (phrases and/or sentences)

2. Treats phrases not as unrelated discrete prosody units, but as
sister constituents under PG.

3.  Specifies how phrases modify respective intonations in PG.

4. Forms a hierarchy that governs phrases under with prosody
units and their corresponding boundaries.

5. Accounts the overall output of multiple-phrase prosody that
corresponds to speech paragraphs in spoken discourse.

What happens to phrase/sentence intonations or IU
subject to higher level information?

1. Assume respective positions in PG.
2. Make PG-specified modifications.
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Basic Features of Fluent Speech
Prosody

 How a speech paragraph is perceptually defined by position
related features across phrases, I.e., how it begins, continues
and ends.
— PG related positions:
e PG-Initial (beginning)
» PG-Medial (continuation)
* PG-final (termination)
Unit:
PPh
« What corresponding patterns exist in relation to prosody
hierarchy.

* How the prosody hierarchy contributes to prosody output.

Chiu-yu Tseng Speech Prosody 2006 Dresden



PG Positions in Relation to Prosody
Organization—Higher Level Information

PG-l vs PG-M vs PG-F @

- A sy - (g

Carrier PG withembedded -bal : © ¥ - B % Lenzx » — 4K F
T EH AR AR Eﬁfﬁ»gﬁfl F o
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Switching embedded target syllable In
PG-initial and PG-final phrases

Original Sye—1 'l

250
200
> 150
100
50
0 L L F
Initial Medi i

@
=3
=X
jul
S
=X

Initial Medial Final
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Switching FO contours of PG-initial
and PG-final target syllables

Original FO w B . |
Wr-——gf o g Wr-—"""""""=mmmmmmmmm
NS Re-synthesis o \ 4
S NS SN
S0 [ > =150 |
00 [~ ]
0 e Vfp-——7"""""""""" T
O | | | O
[nitial Middl Final @ Initial Middl Final @
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Initial




Higher Level Cadence and Templates

« Corpus Investigations and quantitative analyses
enabled us to derive cross-phrase hierarchical
templates corresponding to every prosodic layer In
the following 4 acoustic correlates.

— 1. FO contour templates

— 2. Duration cadence templates

— 3. Intensity distribution patterns

— 4. Boundary breaks and lengthening templates

 Evidence of cumulative contributions (Tseng et al,
2004, 2005)

o Further studies on FO range variation and reset.
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Template 1. Syllable Duration Cadence of

Fluent Speech — Cross-phrase Tempo and
Rhythm (2/1)

1. Analyses of speech corpora reveal layered duration
adjustment and overall temporal allocation patterns

that accounts for higher level rhythm in fluent
speech.

2. Interactions of syllable durations prosody units are
found In overall temporal allocation patterns.

3. Duration adjustments of syllables (lengthening and
shortening across time domain) are patterned In
relation to prosody organization.
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Template 2. Syllable Duration Cadence of Fluent
Speech — Cross-phrase Tempo and Rhythm (2/2)

4. Evidence of corresponding governing relationship
between PG and its subordinate layers were found.

5. Prediction can be made by number of syllables and
status within a PG

6. Ultimate cross-phrase output speech rhythm of
speech paragraph iIs the cumulative results of
layered contributions from the prosody hierarchy.
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Linear regression

» Using a step-wise regression technique DataDesk™ from Data

Description, INC, a linear model with four layers (Zellner, 1994)
was modified and developed to predict speakers’ timing behavior with
respect to different speech rate.

BG

PPh

PW

SYL
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Figurel. Coefficients of MO51 from the PW Model. The horizontal axis
represents the position of each syllable within a PW; the vertical axis the
coefficient values.

positive coefficients: lengthened syllable durations at the PW layer;
negative coefficients: shortened syllable durations at the PW layer;
Coefficients of p-value smaller than 0.1 were marked with the ‘X’ label
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Findings at PW and PPh Layers

1. Boundary effects and final lengthening.

2. A clear cadence of speech rhythm. Final lengthening and
backward shortening make up most of the rnythmic patterns of
fluent speech.

3. Cadence was found across speaker, speaking rates and
dialects.

4. Final syllable lengthening at the PPh layer was found to be
twice as long for faster speech (FFS)

5. A complementary effect of final syllable lengthening was
found between the PW Layer and the current PPh Layer.
Whenever the final syllable of a PW is lengthened, the same
degree of final syllable lengthening could NOT be found at
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1.4 |
1.2

— | |

9 10 11

-1.2

Figureb. Coefficients of M0O51 from Initial PPh of BG layer Model
l.e., effects of the BG layer on BG-initial PPhs.
Note:
lengthening on the first and last syllable
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Figure7. Coefficients of M0O51 from Medial PPh of BG layer Model
l.e., effects of the BG layer on BG-medial PPhs
Note:
First syllable shortened; final syllable lengthened.
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Figure9. Coefficients of MO51 from Final PPh of BG layer Model

l.e., effects of the BG layer on BG-final PPhs
Note:
1. Final syllable is shortened.
2. Negative coefficients reflect a clear contrast between BG-initial and BG-final PPh.
3. Cumulative overall final-syllable lengthening still exists after trade-off .
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Cumulative prediction of vs. original speech output

‘—A—Pre —o—Dur‘

400
350
300
250 F
200
150
100
50 ¢

12121211211312121311212121121214

0.8

-0.6
-0.8 b

‘ —e— PWPre —s— PPPre BGPre ‘

Figure 11.Comparision between speech data and predictions for MO51
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Significance: Higher Level Speech
Rhythm

Higher level PG effects are found across syllables and
phrases.

Every prosodic layer contributes to the final cross-phrase
output. Trade-off effects were found between prosody levels.

PG positions are crucial prosody information.

Intrinsic segment/syllable durations can NOT account for
speech rhythm in fluent speech.
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Speech Rhythm: Units and
Significance

1. A hierarchical organization does function during speech
production; templates of chunking and specifying shortening
and/or lengthening (LS(S)(S)L) during speech production.

2. Higher level cadence templates must also be used in on-
line speech processing (perceptual overshoot, look-ahead and
forecast).

3. Lower level lexical tone information aside, temporal
allocation patterns and timing structures are crucial to
fluent speech. Syllable duration cadence patterns are just as
significant as FO contour patterns to prosody.
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Template 2. FO cadence of Multiple-phrase PG—
Perceived Fluent Speech Melody and Cumulative
contributions to output FO (Tseng et al, 2004)

Time
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Most significant implications:
Higher Level Association

Phrase intonations are NOT unrelated prosody units, but
rather, immediate constituents of paragraph and sister
constituents that form speech paragraphs PG (Prosodic
Group).

Phrase/sentences intonation and boundary breaks may not
always correspond to syntactic boundaries in speech.

Prosody framework of fluent speech involves establishing
and specifying higher-level organization and cross-phrase
prosodic relationship, as well as reflecting planning units of
narratives/spoken discourses.
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Phrasal Intonation Statistics

« Each phrase command is in effect by a linear
combination model of several local factors:

pause
orevious Ap effect

position in PPh (boundary depth)

— level of the Fujisaki model parameter F, base

Phrase command Ap = constant + coeffl x pause + coeff2 x pre_phr + coeff3 xfOmin +

iSyl_PPh
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Automatic Extraction
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P.G. Intonation Model

e Each phrase command is also in effect by a

global dominator P.G.. In either of the

following factors:
— Index of prosodic phrase in P.G.

— Initial, medial and final positions in P.G.

PPh 1

PPh 2

000 PPh_N-1

PPh_N

Initial

Medial

SALSRe, Medial

Final

Chiu-yu Tseng
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P.G. Intonation Model

Mean-Square | F-ratio P
Model 0.035 1.068 0.159(Failed)
Error 0.033 - -

ANOVA table for the test of significance in index of PPh

Mean-Square | F-ratio P
Model 0.572 12.127 | 0.001(Significanc
Error 0.047 - )

ANOVA table for the test of significance in initial, medial and final PPhs
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Phrase Command Ap In Effect of P.G.
Inital, Medial and Final

1.000

0.575+ —
o
<
S 0.150+ —
(2]
(D)
x

-0.275 —

-0.700 ' " '

I M F
Position in PG

The rest of Ap is accounted for residuals predicted by local phrasal
Intonation model in previous section, and now it has significance
in positions governed by P.G. initial, medial and final.
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Overall Phrase Command Model

Modeling of overall phrase command:

Phrase command Ap =
constant + coeffl x + coeff2 x + coeff3 x
+ (syl position in PPh)
+ PG effect coefficients
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F, Prediction in P.G.

Predicted FO :"o" , Original FO : "."
6 T T T TT T T T T T T

log(f0) Mo
5.5 [
%
&
4.5 € _
A B3 B3 B3 B3 B4 B3 B
3.5¢ |
3 | & | Lo N L | | |
0 1 2 3 4 5 6 7 8 9 10 fime(sec)

Simulation result of global intonation modeling of a PG. The red
line represents simulated global contours; the blue represents
contours of the original speech data.
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Template 3. Cross-phrase Intensity Distribution
Cadence Patterns

« 1. Units: PPh
— Patterns are found only from the PPh layer up.

e« 2. The longer the PPh Is, the more energy required at the
beginning.

o 3. Also relative to prosody organization.
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Template 4. Cross-phrase Boundary Break
Patterns

Hierarchical
Predictable
At least 3 levels

Relationships with speaking rate:

—  Faster speech:

e more major breaks (B3, B4, B5) less minor breaks, longer
duration and bigger differences among them.

—  Slower speech:

e Less major breaks but more minor breaks, less duration
difference (irregular B3s)
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Fluent Continuous Speech One More Time

@ @

B R o <B3/114ms># 3 L5 S AP fERF T 2 0 R 2B
%% % <B4/1dlms>
o FEREIE (T2 2 KR E R < R AE<B3/219ms> #r<B3/35ms> & &
e o <BH/232ms>

- 7 <B3/53ms> F k3 5 M A ops g <B3/34Ams> & A i 2

o <B3/2oms> L e keIt g & o <B3/29Ims> & &
i B
<B5/299ms>

Note:
1.Where the boundaries do not correspond to any punctuation marks (B3).

2.How the boundary pauses differ in duration(from 25 to 299 ms).
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How Important Are Boundary Breaks?

L@ What if we remove all breaks ¢

gn What if we swap the longest and shortest
breaks ?
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From PG to Spoken Discourse

Tseng et al(2004a, b; 2005a, 2006)

How PPhs are IM of PG and PGs are IM of discourse. Both
PPh and PG are therefore discourse units
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How Paragraphs Form Discourse?
What Other Discourse Units EXxist?

Materials (2/1)
v" Sinica COSPRO(COSPRO _08)

» Speakers
One male (M051P) , One female (FO51P)

> Text
26 discourse pieces (85- to 981-characters, 11592 characters)

» Speech data
Reading of text at normal speaking rate (200 ms/syllable)

( 1.5-hr recorded speech, 170Mbytes after annotation)
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» Annotations:

1. Segmental identities were first automatically labeled using the
HTK toolkit and SAMPA-T notation (Tseng et al, 1999).

2. Perceived boundary breaks were hand tagged by trained
transcribers using the Sinica COSPRO Toolkit

(url://www.myet.com/COSPROQO)
3. All labeling was also spot-checked by trained transcribers.

» Extracted features

1. maximum and minimum value of every syllable between
two perceived boundaries.

2. FO range within a prosody unit and FO reset at a boundary
are calculated.
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Between-PG or —-BG FO Range variation

Yellow block indicate FO range variation of the connective phrase

N

Ly

FO reset
&\ e *\%ﬁw A

B2 B2 B4 B2 B2 B3 B2 B2 B2 B2 B2

FAEER = afa puE AT (Bl

FEFR- EER FhRzwl 1aR iR A RS MR e TS iR

TRA

Relative wider FO range

“ras0 Jnon 0,30 J100 31,50
I 1 1 1 1 1 1 1 1 1

31I3I:l R]Ziﬁh -CSIH 1-3i5[l 34il:l:| 34I5I:| 55\:-
FO Hz : I : : I :
= & Iig reset
10 VA AleN SN WM
B2 B2 B2 B2 B2 BZ B4 B3 B2 B E3
e EEE W (AEE T EieE (1R Ha LA FIII

‘Relative narrower FO range
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Prosodic Fillers and Discourse Markers

Prosodic filler (PF):
A phrase between two PGs or BGs with relative narrower FO range

Discourse marker (DM):

Aphrase between two PGs or BGs with relative wider FO range
The connective phrase with FO

range variation
FO [~ 7

|

|

| .

| i

| t AL FDH.: arl
|

|

|

|

|

PGIBG; .y B4/Bs B, FPGEG,,» Time

When A\FOhead is smaller than -1.5, as illustrated in red, we define the
phrase with narrowed range as a prosodic filler (PF).

When AFOhead is bigger than -0.3, as illustrated in blue, we define the
phrase with widened range as a discourse marker(DM).
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PF (Tseng et al, 2005)

____________

! Hz
i - " 2an
Prosodic filler :
A , : gz — FO reset
4 & he
‘ L ‘%"i "'\ i | ’\v“ 4‘1 { 5
2. f "tb % \’J: : s A - 100
! | 50
L | B | T | B A B | DR e | I:1--'r--'-----'--| L | B | B T D U | ':D
176.00 177.00 173.00 1749.00 180.00 151.00 182.00 183.00 184.00 185.00 186.00 Sec
=
B2 B3 B2 B4 B2 B2B2 B2 B2 IBZBS B3 B2 |B2|B2 B2 B3 B3 B2 B2 B3
I I17-‘!':iI.IIIIIII I I1T-‘T-‘I.IIIIIII I 17"E=|.IZIIIII I I17"!EI.IIIIIII I I1E!IZII.IZIIIII I I1:5»‘-1I.IIIIZII I 1E!2|.IZIIIII I 1:5»‘-3|.IIIIZII I I1E!4I.IIIIIII I I1E!5.IIIIZII I I1E!I35|.IIIIIII T EE:3

x B3 <B2>#sg KB B2 F sl o <BA>IE A d5 <B2OH A

<B2>= P <B2>iE % <B2># % |<B2>- B <B2>#7e<B2>-k T o

<B5>

» <B3> A A<B2> P 3R<BL>H % <B2>

FJ:PW

A

<B2>% % - <B3>ALP A <B3>= B<B2>- & - <B2>5 ¢ R<B3>

©), original
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Preliminary experiment (2005)

«— FO reset

ﬁg\;‘}%&} d ﬁiégiigif{s.t = {%“i"\} A li,ii"g,“

Lo et
WU

iﬁiﬁﬁﬁ$$%%%WﬁT%¢ﬂ?’ﬁﬁm#%ﬁﬁdﬁﬂﬁfﬁ%%?w‘@?ﬁﬂfjc

F PR JEERL S B A AR
©) The waveform of the prosodic filler “ ” was removed.
©), The waveform of the prosodic filler “ " and following boundary break was removed.
©), The waveform of prosodic filler “ ”, preceding and following boundary breaks was
removed.
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PF and corresponding text analysis

PFs between PGs were demonstrated relative narrower FO range or smaller FO reset.
1. Relative narrower FO range

=

= -
(ELE 1 .8 131 e 1.5 152 £ I#E50 e II|| PEAC L L] I.P |:¢.:\t a
i i 5 i 5

P He |

p— FO reset
ol
H? H? H? |BS H3 B B? |B? H? H3
=t {Ifﬂiﬁﬁt* ’4#: AR O |#&E Fﬁﬂ rE

Corresponding text analysis
When a post-B4 or B5 PW or PPh is 2 or 3 syllables such as “ 4 =-today”, it is usually produced as a filler.

2. Relative smaller FO reset

..1..,‘4— FO reset
A e S PR WA LRV

B2 BS R2 B2 & 83 RF' B2 P B E3

la el [IfF WL -ﬁnz S—E‘ﬁi‘t i
Correspondlng xt anaIyS|s 2]
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DM and corresponding text analysis

DMs between PGs were demonstrated relative wider FO range or bigger FO reset.
1. Relative wider FO range

“ FO re
‘l A\\' ) S ﬂ\\,\»\f\,\\ -

# B3 B2 B3 B2 B2 B2| B2 B3 B3 B2 B3| B2 B2| B2 B5(B2|

set

I WkE  AEEI AR BET [ TEELA FAT] SRR WmE AT T ’ﬁiﬁ AT EE

Corresponding text analysis:
A transitional word such as “[ﬁj)ff-—jiﬁ@in the same way”,“?ﬂ%ﬁ’u |however”, “{FI}L but”.

2. Relative bigger FO reset

D

100 s100 200 w2e 00
o

260

son \ 2 N

- \gs

250

200 ',f -ﬁ

150

™ .

=

£
S
:‘4 :
et
o
¢

B2 B2 B2 B4 B3 B2 B2 B2 B2 B3| B2 B2 B3|

BER S |‘§5‘v‘; EHrE  ahER By [HE FRESE ZAEBET

Corresponding text analysis:
Lexical items meaning “J5ishe says”,

'F’LI 'point out”, or “#.1- indicate”.
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FO Range of speech data in relation to
punctuatlons In text

distribution distribution

A X
T

o 1 1 1 1 1 1
20 15 10 5 0 B 10 15 20 AD2LTEEELALADALD DGR B0

= PPh: = PPh - = PPh: = PPh -

Figure 11: Comparison of punctuations in text
for speakers (a)MO051 and (b)F051

Group N Nean 5D Group N Mean 5D

1 11 1.677 1.085 1 18 1.306 0.611
3.758 1.070 p 10 4.000 1.014

distribution distribution

T T T T T Tr—rT T

L - EL =+ -
X i al R 4
e e ?
i+ 1 =13 aif T
f ol
| 3]
| i
T T e N ]

1 L L L L L 1 1 L L 1 L 1 L
16 12 8 4 0 4 8 12 18 18 12 8 4 0 4 8 12 18

= PPh - - PPh = PPh - = PPh -

Figure 12: Comparison of punctuations in text

Chiu-yu Tserfpr speakers (a)M051 andcsyFoBascdy 2006 Dre

The Dblue line indicates the distribution of
relative short portion of speech data with
wider FO range where in text it is an actual
initial of a new paragraph right after a
period and followed by the comma.

The red line indicates the distribution of
relative short portion of speech data with
narrower FO range where in text it is would
be a transitional word or phrase right after a
period and followed by the colon.

The blue line indicates the distribution of
relative short portion of speech data with
wider FO range where in text it is an actual
initial of a new paragraph right after a
period and followed by the comma.

The red line indicates the distribution of
relative short portion of speech data with
narrower FO range where in text it is would
be a short portion right after a period and
followed by another period. (In other words,
a transition between two long paragraphs in

sd&xt)-



Building a model to predict PFs and
DMSs from text

Acoustic analysis Analysis of corresponding text

text analysis characteristic
' i of PF
Acoustic analysis
text analysis characteristic
of DM

Prosodic phrase

between two BGs @8(F0 range variation
or PGs and FO reset )

Building a prediction model

Rule based model text with five levels of

(using characteristic of PF boundary breaks and two
and DM) levels of PFs and DMs

\ 4

Text

A
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Rule based model to predict PFs and DMs

We use phrase containing lexical construction and punctuations

to built this text model

ProduceDiscourseMarker/Fillers
(1)  Input Data= text piece with boundary breaks
for each PPh in Input Data
(2) if (CheckKeyWord(PPh) is true)
Add to Candidate List
for each PPh 1n Candidate List
(3) DetermineLegality(PPh)
Qutput Data: text with discourse 11131'1{&}‘5 and
boundary breaks

Figure 7: Procedures to produce two levels of fillers

The end result after all steps are applied is text with five levels of boundary
breaks and two levels of PFs and DMs( 1.First level is between two PGs
2.5econd level is between two PPhs)

Chiu-yu Tseng Speech Prosody 2006 Dresden



Text prediction vs. Speech data

Comparing the result of text analysis and the result of speech data

Definition:
. numbers of correctly predicted PF and DM
Precision = _
numbers of predicted PF and DM
numbers of correctly predicted PFand DM
Recall =

numbers of actual PFand DM in the speech data

2 * Precision * Recall
F — score =

Precision + Recall

Chiu-yu Tseng Speech Prosody 2006 Dresden



Text prediction vs. Speech data

Table 2. Baseline without fillers

Recall Precision F-Score
FO51 0.602 0.616 0.609
MOS1 0.571 0.541 0.556

Table 2 shows the results from the baseline whereby boundary breaks
B4 and B5 are used to predict FO Reset position without fillers and markers.

Table 3. Baselines with fillers

Recall Precision F-Score
FO51 0.667 0.551 0.603
MO51 0.635 0.486 0.550

Table 3 shows the result from the rule based filler predictions and boundary breaks .
The predictions are using predicted discourse marker, B4 and B5 to predict FO Reset position.

Table 4. Consistency of two speakers

F-Score
0.555

Precision
0.535

Recall
0.577

Table 4 shows comparison of cross-speaker consistency using speaker M051 as correct answer.
Chiuyu Tser]gResuIts showed that b%tgeggga'glgorgo%vg épflﬁl%\gv ) Interpretation of the same text.



Summary of Studying FO Range
Variation and Resets

1. Initial investigation (2005) of narrowed FO range across speech flow showed
that PFs occurred in fluent speech.

2. Further analysis of between PG phrases showed that distinctions should be
made between PFs that are semantically redundant and DMs that are
attention callers.

3. Both are discourse units that are prefixes of paragraphs that connects
discourse segments PPh.

4. Predicting PFs and DMs from text is possible.

5. Any discourse prosody framework should include fillers and markers and
their respective prosodic functions.

6. These findings could be applied to speech synthesis and/or unlimited TTS to
enhance prosody output.
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Conclusions

 Discourse Prosody and Top-down Information
— 1. Higher organization must be accounted for.
— 2. Hierarchical framework Is necessary.

— 3. Prosodic units must accommodate and correspond to
higher nodes and higher information.
* PPh Intonation (or IU) iIs subordinate and subjacent PG unit.
* PG is subordinate and subjacent discourse unit.

— 4. Cumulative contribution must be specified and explained.
— 5. Generalization of discourse prosody is thus systematic.
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Modeling Fluent Speech Prosody

A modular acoustic model was constructed :

— FO contours
— Duration patterns
— Intensity distribution

— Boundary lengthening and breaks

Chiu-yu Tseng Speech Prosody 2006 Dresden



Modeling FO contours on the Fujisaki

model

»phrase command Ap

Chiu-yu Tseng

Ap = constant + coeffl x Pause length before
phrase command + coeff2 x Accumulated
previous phrase command response + coeff3 x
FOmin in the Fujisaki model + f(Phrase
command position in PPh)

AccF, = Y Ap-a?-(t-T,) ettT)

prev Ap

Speech Prosody 2006 Dresden



adjustment

FO adjustment

Fujisaki model’s phrase commands

= a’t-exp(—at), fort>0
= U, ort<0

AAp = Ap — Ap = (P, — P,) xexpx o

Chiu-yu Tseng Speech Prosody 2006 Dresden



Modeling duration patterns

>Ie & 143p &% > & & (Hierarchical prosodic effects)
DurS (ms) = Syllable intrinsic duration
+ fPw(PW length, position in PW)
+ fPPh(PPh length, position in PPh)
+ fIFPPh(Initial/Final PPh length, position in PPh)

4 & 73 PF & (Syllable intrinsic duration)
Syllable intrinsic duration = constant + CTy + VTy + Ton
+PCTy + PVTy + PTon + FCTy + FVTy + FTon + 2-way
factors of the above factor + 3-way factors of the above
factor

Chiu-yu Tseng Speech Prosody 2006 Dresden



adjustment

« Duration adjustment

— OriDur(S,) =1m/2,m
" |OriDur(S,)-DF, ,l1<i<m/2m/2<i<m,

DF.
=M. I M, x[fon (PW length, position in PW) - £, (2,1)
+ foo, (PPh length, position in PPh) — f.., (11,6)

+ T, (Initial / Final PPh length, position in PPh)],

Chiu-yu Tseng Speech Prosody 2006 Dresden



Modeling Intensity Distribution

>Ie kB Ip S f#f{fr‘& e (Hierarchical prosodic
effects)

IntS (NRMS) = Syllable intrinsic in tensity

+ frw(PW length, position in PW)

+ frrh(PPh length, position in PPh)

+ firpPn(Initial/Final PPh length, position in PPh)

Chiu-yu Tseng Speech Prosody 2006 Dresden



adjustment

 Intensity adjustment

IntS* — Orilnt(Si) Jd=1m/2,m
" |orilnt(S)~DFi  ,1<i<m/2,m/2<i<m,

DFi

= Mrc / Mwc x | few (PW length, position in PW) — few(2,1)
+ feen(PPh length, position in PPh) — feen(11,6)

+ firren(Initial / Final PPh length, position in PPh)],
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Modeling boundary breaks

>Ie kB Ip S f#*zfﬁ& & (Hierarchical prosodic
effects)

BreS (NRMS) = Syllable intrinsic break
+ frw(PW length, position in PW)
+ ferh(PPh length, position in PPh)

+ firrpn(Initial/Final PPh length, position in PPh)

Chiu-yu Tseng Speech Prosody 2006 Dresden



adjustment

e Break adjustment

OriBre(Si) JA=1m/2,m
BreSi* = _ _ :
OriBre(Si)—DFi ,1<i<m/2,m/2<i<m,
DFi
= Mrc / Mwc x | few (PW length, position in PW) — few(2,1)
+ feen(PPh length, position in PPh) — feen(11,6)
+ firren(Initial / Final PPh length, position in PPh)],

Chiu-yu Tseng Speech Prosody 2006 Dresden



Exchange Wave

Speech Synthesis

Initial Medial S Initial Medial

Initial Medial Initial Medial Initial Medial

Initial Medial Initial Medial Initial Medial




Speech Synthesis

Initial Medial S Initial Medial

Initial Initial = Initial

Initial Medial = Initial Medial = Initial Medial
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