The Music of Speech

Time and Tune

Rhythms and Melodies

Dafydd Gibbon

Bielefeld University, Germany

Mannheim, 16 November 2020

2,

AN
it



The Music of Speech — Speech Prosody

Prosody
Accompaniment Ancient Greek Ttpoowdia (prosoidia)
to song TPOC (pros, “to”) + ®wdn (0idé, “song”).

song sung to music
pronunciation of syllable

Speech prosody

Rhythm — Time
tempo, rhythm

Accompaniment durations of sounds, syllables, words, phrases
to locutions

Melody — Tune
lexical prosody: pitch accents, tones in tone languages
phrasal prosody: marks grammatical structure
discourse prosody: marks argumentation, turn-taking, ...
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Overview

* General questions:

— Structure — syllables, words, phrases, discourse:
 How are the accompaniment and song / locution aligned?
- Meaning:

* semantics: how does the accompaniment affect the
meanings of words and phrases?

* pragmatics: how does the accompaniment convey
attitudes, meanings, emotions?

* Rhythms * Melodies
— Production / perception — Production / perception
of rhythms of melodies?
- Synthesis / analysis of - Synthesis / analysis of
rhythms melodies
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The rhythm of a song
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Rhythms of speech + music

Music: tempo = allegro, time signature = 4/4, style = ‘brightly’

8 bars
8 X 4 = 32 notes
13.32 /32 = 0.416 seconds per note

rhythm frequency =11/ 0.416 = 2.4 Hz

Tempo = 2.4 x 60 = 144 beats per minute: allegro

H
.
2
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Rhythms of speech + music

Music: tempo = allegro, time signature = 4/4, style = ‘brightly’

L]

8 bars
8 X 4 = 32 notes
13.32 /32 = 0.416 seconds per note

rhythm frequency =1/ 0.416 =

Tempo = 2.4 x 60 = 144 beats per minute: allegro |* Wittyer

METROMON
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We can perceive rhythm.
What is rhythm, physically?

How can we detect rhythm?
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First: from intuition to definition

Speech rhythms are ...
» fairly regular oscillations below about 10 Hz
* which modulate the speech source carrier signal

e and are detectable in spectral analysis

* as magnitude peaks in the low frequency spectrum of

* both the amplitude modulation (AM) of the speech signal, related to the
syllable, word, phrase outline of the waveform

e and the frequency modulation (FM) of the signal, related to fundamental
frequency (FO) or perceived pitch contours of the carrier signal, related to
tones, pitch accent and intonation.
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Second: how do we detect speech rhythm?

Rhythm Formants in the LF Amplitude and Frequency Modulation Spectra [file: EllaFitzgeraldRhythm-sel]

Waveform; smoothed AM envelope AM LF spectrum (strongest frequencies marked)
w 1.0 w 100 - | Strongest frequencies: |
= = RFaml: 1.802Hz (555ms)
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= [t RFaml: 1.952Hz -:5 12ms)
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o o
= —1.07 T T T T T T = 0.00 - T T T T T
] 2 4 & B 10 12 14 z 4 i} a8 10
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Convert envelope
Detect and extract
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amplitude envelope
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| |
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Second: how detect speech rhythm?

Rhythm Formants in the LF Amplitude and Frequency Modulation Spectra [file: EllaFitzgeraldRhythm-sel]

Wawveform; smoothed AM envelope
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AM LF spectrum (strongest frequencies marked)

Strangest frequencies

RFaml: 1.B02Hz (S55ms)
RFaml: 2. 102Hz (476ms) |
RFaml: 1.952Hz (S12ms)

RFam2: 2 702Hz (370ms]
RFam2: 2 402Hz |

= T T T T
2 4 3] 8 10

— ———<_ AMLF spectral frequency (Hz)

Y

specfreqé,specmags = fft(signél,fs)

Procedure (from red to green):

- read waveform file (grey)
- separate positive amplitudes (dark grey)
- detect amplitude envelope (red)

- apply spectral analysis to envelope (green)

and ...

Note the difference:

frequency convention (2.4 Hz)

+

measured frequencies
(average of top five: 2.2 Hz)

Why?

time signature # beat
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Third: how detect speech rhythm variation?

Rhythm Formants in the LF Amplitude and Frequency Modulation Spectra [file: EllaFitzgeraldRhythm-sel]

Waveform; smoothed AM envelope
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AM LF spectrum (strongest frequencies marked)

Strangest frequencies [
RFaml: 1.B02Hz (S55ms)
RFaml: 2. 102Hz (476ms) |
RFaml: 1.952Hz (S12ms)
RFamz: 2_T0ZHz ({370ms)
RFam2: 2 402Hz (416ms) |

Relative magnitude
2
(%3]
[

————<__ AM LF spectral frequency (Hz)

Y

specfreqé,specmags = fft(signél,fs)

= T T T T
2 4 3] 8 10

Rhythm spectrogram (waterfall format)

- AM peak salience [% ocoummenc e}
"'Je_.-.-: Y 2333 Hz (429 ms)- 19.6% sal.
T N et tne=n] 2,000 Hz (200 ms): 43.1% sal.
= o S 11667 Hz (600 ms): 25.5% sal.

B R (1333 Hz (750 ms): 5.9% sal.
w | ™ T 1.000 Hz (1000 ms): 5.9% sal.
£ |5 ==

Frequency {Hz)

Procedure (from red to green):

- read waveform file (grey)
- separate positive amplitudes (dark grey)
- detect amplitude envelope (red)

- apply spectral analysis to envelope (green)

- track the rhythm changes

Conventional, abstract, static
time signature in the score

VS.

Instance of physical, variable
beat in the performance

Jakobson’s distinction (1960):
design vs. performance
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Similarly with poetry

Abstract design and physical performance

Roman Jakobson'’s distinction (Linguistics and Poetics, 1960):
design — ‘versification’, foot, metre, line, verse, poem

performance — stress clash, enjambement, rhythm, ...

Different performances of the same metre
may have a different rhythm

(and of course different intonation)
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Partial rhythm analysis: relative duration
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Annotation mining of time-stamp durations

Isochrony metric nPVI

200 1
175 -
150 -
125 -
— nPVI duration differences
---- asymptote
E 100 — - English {Germanic)
= = Farsi (Indo-Aryan)
— - Mandarin (Sinitic)
75 - Tem (Miger-Congo)
51'_1 =
Rl 1 Bl U Bl 0 Bl | Akl B Bl 0 Bl 1 Balad 0 Balad 0 Aalad 0 Bl
25 1
D a
Ei 2lu 4'0 EID aln 160
Duration difference
1 |d— \ :
3 d,—d . d refers to duration of

- “Ud+d,, )12 ocal t, syllabl
pVI(d, Jmm ool seetient vlable o
n— k)
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Two-dimensional annotation mining

SHORT-LONG LONG-LONG SHORT-LONG LONG-LONG
4 TGA: Wagner Quadrant z-score pairwise durlal:ic:n plot, n=181 ¢ TGA: Wagner Quadrant z-score pairwise duration plot, n=272
AMBIC: s+ SPONDAIC: |+ AMBIC: 5+ SPONDAIC: |+ ' '
[ " Local Isochrony Lipe
3t | 5
" Lacal Isechrony Ljpe & |
e al 5 P
2t | |
S : %
s A g
[=] a
-1
-2 :
FrREHIC: 545 _ TROCHAIC: |+5 _ i : * _
- 3 2 1 a 1 2 3 i 2 1 0 1 2 3 4 5 G
Tier: PY, Duration i Tier: Syllables, Duration i
SHORT-SHORT LONG-SHORT SHORT-SHORT LONG-SHORT
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Three-dimensional annotation mining

Three-dimensional because alternative trees are possible, depending on the
algorithm settings:

- binary/nonbinary, lower/higher percolated

- related to phrasal and discourse patterns

043
043~ 059
078 047 062 05y 152
.-"";
R 043 w07 062 264 £as 182N 342
7.86117.939 : 0,569
04 217 07 w148 the ouse ery sad
_ 20,24620,511 20,72221.063
A Fd
|ndUCt|(_3|_’1 of ou 247N 228 .07 19 148" N 275
compositional 17.982 5
tree structures Joo’t go F7ZZ 18 % 209 P:m 275 BAS
8,19918.427 18497 9,044
ik gat oo o
8.68718.596 5,31920. 184

Gibbon, Dafydd. 2006. “Time types and time trees: Prosodic mining and alignment of temporally
annotated data”. In: Stefan Sudhoff, et al., eds. Methods in Empirical Prosody Research. Berlin: Walter de
Gruyter, pp. 281-209, 2006.
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From physics to function
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From physics to function

Rhetorical and structural functions of rhythm:

* Dialogue: coordination and alignment of interlocutors
A: WHO saw JACK? - B: JIM saw Jack.
cf. shadowing

e Utterance: structuring of narrative, arguments, ...
All Greeks are democrats. Socrates was a Greek. Socrates is a democrat.

e Sentence: ‘metadeixis’, pointing to focussed lexical items
JOHN and RICHARD married SUSAN and KATE respectively.

* Word: ‘metadeixis’, pointing to the stress positions of
modifying morphemes
* The BLACKDbird landed on the black BOARD.
* This whisky wasn’t EXported, it was DEported.
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Back to the song — music and speech

Music: tempo = allegro, time signature = 4/4, style = ‘brightly’

I got rthythm [ got music I got my man Whao could ask for anything more?
[;u‘ rh}l&m ng music I got my man  who could ask for |anything more
I }_uj\th_'- tiﬁh\ I |got|mu ‘m [//Agnl jmy| _—~man whao -ul/dn-l{ffnt/./(f1_ﬂhi|1g~/ Mioe
0 T “ e - :f::’::"—lff*””’” ‘
_ ' —

13.32

foot / word timing

Abstract, structural rhythm: /

Special case:
Final lengthening

Ella Fitzgerald
“l got rhythm”

Mannheim, 2020-11-16

Special case:

only unstressed syllables
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So where does rhythm align with language?
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Summary: sources of rhythm (and melody)

MODALITY MEANING

INTERPRETATION  STRUCTURE  INTERPRETATION
GESTURE, SOUND SEMANTIC, PRAGMATIC

turn overlap Dialogue discussion ...

Intonation Utterance speech acts

focus Sentence proposition

tone, accent Word event, object

tone, accent Morpheme property

features Phoneme encoding
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Information conveyed by modulation of a sound

Amplitude modulation (AM) and Frequency Modulation (FM)

FM generator:

tone, pitch accent
intonation

Mannheim, 2020-11-16

STRUCTURED
INFORMATION

Sound generator:

carrier
frequency
+ harmonics

Dafydd Gibbon: The Music of Speech

—~ COMPLEX
N SPEECH SIGNS
\\ gestures
' waves
AM filter: percepts
| phones, syllables, frequency
words, phrases, ... modulated
X
amplitude modulated
sound
frequepCy modulated
sound
23/38 Qﬁ}
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Frequency modulation
tones

pitch accents
Intonation
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Lexical tone: Mandarin Chinese

Mandarin Chinese:

First tone: mal ma  mother
Secondtone: ma2ma hemp
Third tone: ma3 ma  horse
Fourth tone: mad4 ma  scold

Two female speakers of Beijing
Mandarin.

Note the gap in Tone 3 of the
second speaker, due to creaky
voice on low pitch.

Approximately 50% of speakers in
my classes in China have the
creaky voice version.

Mannheim, 2020-11-16
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Frequency Modulation: pitch accent, intonation

Why does the ‘music’ of
Chinese speech sound
different?

Because ...
* English has pitch accents
which tend to remain the
same in a tone group

 Chinese has lexical tones
which tend to diﬁeﬁro&
word to word.

Waveform; smoothed AM envelope

AM LF spectrum (strongest frequencies marked)

A
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Narrative prosody: Mandarin Chinese

Wavelorm

L WW

Time (5], samprate = 150[:0 siglen = 80000, sigdur=5.000, mﬁamu-dur-n 020s
spectmg a 1 {Ji -,,ra. -55)

i [}
B
- I
1500k - ----Sk = T _ :- ——————— - - o - — — p—" R - - - —'———————4|
= ' i I - ' I |

ool - - - - S M . oo B . oL SRS o - R o e BB .- - - - - |

3

Tirme (5]

. Fundamental Frequency Estimation ('pitch tracking')
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Narrative prosody: English

AM & FM signals and 5pectra Engllsh AO0101B

&M carrier with ampitude

%%%%%‘WWW%W—W%WH
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i 200 el . ’ | - ' R s A - - 4
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| & | = | i r__I* a 'l [ ] b L | & 1
[l 5TESL 1530 72853 23,0604 29.82E5 325906 40,3557 4e. 1308 E1.8BE59 5T.ES]

Hierarchy of pitch patterns (female voice):

‘paratone’ with very high initial pitch
* local ‘tone groups’ with mid to pitch

T
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Discourse prosody: English

Question: Answer:
rising utterance contour falling utterance contour
A A —
ran N ran N
PV 01: "English_J0104G-Argen...", tier "Syllables", x-axis 10.0ms, Model: median 1, degree 2, domain "majorlPU"
2 e e
200
150 5
Elm v,
20
D!‘"""ﬁ""'i""ﬁ'ﬁ'ﬁ"'ﬁ'ﬂ"""""ﬁ""""i"—""'"""""i'i'""""'ﬁ'ﬁ"'ﬁ"'ﬁ"ﬁ""i"""'ﬁ"""'
0 100 200 300 400 500
iy —ter—@—p—— o8 iy — M — - e e
N S
v

Question+Answer: rising-falling adjacency pair contour

syntagmatic entrainment

&
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Discourse prosody: English

0e27T

=]

e

-0.9083

»  H* sequence, global fall

'\

m» L* sequence, global rise, final rise

i

™ ' ||||||||||||
/ - . 200 Hz
Interview start \ uestion
\‘ /?suz
1| H* L L H*L L L L*H H L*H | H | L |LfisHEs [
W 2 Mar lin d'ye think that the best side won il in T end I?"f;ms
2508947 |

fﬂ 013485

H* sequence, global fall

L* sequence, global

-

fall, final rise

. . 200 He

Response Continuation
\ -\._.___...—.. "\-—-\ — — -
\ 1 .

i L L L | L |I]*L H*L L o) s | © | L L*11 L IR Y (W
0 - . . . . Syllables
yes I | think ghere’s] no ques tion rhat Ar gen ti na | de serve to win 18)

2602255 | “H"\
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Summary for Techies ...

INFORMATION

'\ _ NOISE
 FREQUENCIES
\ AMPLITUDE

MODULATION
| FILTER
' Y e COEFFICIENTS
', CARRIER
FREQUENCY

INFORMATION
i — AMPLITUDE DEMODULATION
\
\ ANALYSES /, ectificatio | e ing

in different
frequency zones,
COORDINATION

N

DEMODULATION

in different frequency zones
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Summary of Rank-Interpretation Architecture

Multilinear Ranks: Categories and
Category Ranks their Interpretations

S HEEET D e B Y T

Discourse: Monologue, Dialogue

)

Multimodal
Utterance: turn, IPU, ...
— Rank
/\ = Interpretation
Sentence, clause, phrase _
D Architecture

)

Word: simple, inflected, compound, derived
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Envoi

Speculations

on the evolution of speech prosody
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Discourse Rhythms: Long FM contours

Thesis: in evolution,

- frequency modulation and rhythm came first
* emotional cries
 turn-taking came before grammar,

Levinson, “Turn-taking in Human Communication — Origins
and Implications for Language Processing”, 2015

Note: in infant speech,

- frequency modulation and rhythm also come first
* emotional cries
Wermke, Sebastian-Galles
 turn-taking
cf. the ‘bootstrapping’ literature

the infant ‘twin-talk’ videos on YouTube ©

&
R2F
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Prosodic modulations — emotive speech

Thesis 1:

In the evolutionary time domain: emotive ‘animal’
modulations came before structural modulations

Thesis 2:

In the beginning was “Wow!” (Or “Aaah!”)
Thesis 3:

Or the wolf whistle (it’s not simply ‘cat-calling’)
Thesis 4.

Other primates wowed, aahed and whistled first.
Humans continued the custom.

... | recommend these topics for future M.A. theses!
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Speculation on prosody evolution

SHARED WITH Speech:
Ul =R ™ timbre,
SPECIES e hierarchical patterns
Communicative melody: v
» frequency modulation,
“ parallel patterns S Song
| :
Communicative N |
rhythm: — Music:
v : — _ i
/" pulse modulation, hierarchical patterns
| iterative patterns y
Simple sound 1
events

Increase In complexity ove% time
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