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This book is dedicated to beauty: we seek beauty in our scientific research, and we
find our efforts justified when we catch glimpses during the pursuit
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Preface

This volume brings together, through a peer-revision process, the advanced research
results obtained by the European COST Action 2102: Cross-Modal Analysis of Verbal
and Nonverbal Communication, primarily discussed for the first time at the Second
COST 2102 International Training School on “Development of Multimodal Inter-
faces: Active Listening and Synchrony” held in Dublin, Ireland, March 23-27 2009.

The school was sponsored by COST (European Cooperation in the Field of Scien-
tific and Technical Research, www.cost.esf.org ) in the domain of Information and
Communication Technologies (ICT) for disseminating the advances of the research
activities developed within the COST Action 2102: “Cross-Modal Analysis of Verbal
and Nonverbal Communication” (cost2102.cs.stir.ac.uk)

COST Action 2102 in its third year of life brought together about 60 European and
6 overseas scientific laboratories whose aim is to develop interactive dialogue systems
and intelligent virtual avatars graphically embodied in a 2D and/or 3D interactive
virtual world, capable of interacting intelligently with the environment, other avatars,
and particularly with human users.

The main focus of the school was the development of multimodal interfaces. Tradi-
tional approaches to multimodal interface design tend to assume a “ping-pong” or
“push-to-talk” approach to speech interaction wherein either the system or the human
interlocutor is active at any one time. This is contrary to many recent findings in
conversation and discourse analysis, where the definition of a “turn” or even an “utter-
ance” is found to be very complex. People don’t “take turns” to talk in a typical con-
versational interaction, but they each contribute actively to the joint emergence of a
“common understanding.” The sub-theme of the school was “Synchrony and Active
Listening” selected with the idea to identify contributions that actively give support to
the ongoing research into the dynamics of human spoken interaction, to the production
of multimodal conversation data and to the subsequent analysis and modelling of
interaction dynamics, with the dual goal of appropriately designing multimodal inter-
faces, as well as providing new approaches and developmental paradigms.

The themes of the papers presented in this book emphasize theoretical and practical
issues for modelling human—machine interaction, ranging from the attempt in describing
“the spacing and orientation in co-present interaction” to the effort for developing
multimodal interfaces, collecting and analyzing interaction data and emergent behavior
as well as analyzing the use of nonverbal and pragmatic elements of exchanges, imple-
menting discourse control and virtual agents and using active listening in computer
speech processing. The papers included in this book benefited from the live interac-
tions in person among the many participants of the successful meeting in Dublin.
Over 100 established and apprenticing researchers converged for the event.

The editors would like to thank the ESF COST- ICT Programme for its support
in the realization of the school and the publication of this volume, and in particular
the COST Science Officers Gian Mario Maggio, Francesca Boscolo, Bernie O’Neill,
and Matteo Razzanelli for their constant help, guidance, and encouragement and



VI Preface

Sietske Zeinstrafor for supporting and guiding the publication effort. That the event
was successful owes this partly to more individuals than can be named, but notably:
Marcus Furlong, Jean Maypother, Alena Moison. Our special appreciation goes to
Gaetano Scarpetta, Dean of the International Institute for Advanced Scientific Studies,
who supported and encouraged the editorial process including collecting, reviewing,
and improving the manuscripts submitted. The ITASS team, Tina Marcella Nappi,
Michele Donnarumma, and Antonio Natale, are acknowledged for their precious tech-
nical support in the organization of this volume.

In addition, the editors are grateful to the contributors for making this book a sci-
entifically stimulating compilation of new and original ideas. Finally, the editors
would like to express their greatest appreciation to all the members of the COST 2102
International Scientific Committee for their rigorous and invaluable scientific revi-
sions, for their dedication, and their priceless selection process.

Anna Esposito
Nick Campbell
Carl Vogel
Amir Hussain
Anton Nijholt
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Microintonation Analysis of Emotional Speech

Jit{ P¥ibil'? and Anna Pfibilov4’

! Institute of Photonics and Electronics, Academy of Sciences CR, v.v.i.,
Chaberskd 57, CZ-182 51 Prague 8, Czech Republic
? Institute of Measurement Science, SAS,
Dubravska cesta 9, SK-841 04 Bratislava, Slovakia
Jiri.Pribil@savba.sk
3 Slovak University of Technology, Faculty of Electrical Engineering & Information
Technology, Dept. of Radio Electronics, Ilkovi¢ova 3, SK-812 19 Bratislava, Slovakia
Anna.Pribilova@stuba.sk

Abstract. The paper addresses reflection of microintonation in male and female
acted emotional speech. Microintonation component of speech melody is ana-
lyzed regarding its spectral and statistical parameters. Achieved statistical re-
sults of microintonation analysis show good correlation comparing male and
female voices for four emotional states (joy, sadness, anger, neutral state) por-
trayed by several professional actors.

Keywords: Speech analysis, emotional speech, jitter, microintonation.

1 Introduction

Emotional speech is characterized by prosodic features (FO, energy, duration) and
several voice quality features (e.g. jitter, shimmer, glottal-to-noise excitation ratio,
Hammarberg index) [1-4]. The voice quality parameter “jitter” describes pitch pertur-
bations in the context of vocal expression. There exist different approaches to define
vocal jitter: majority of authors use definitions resulting from perturbation in pitch
period [1, 5-11], some authors define jitter as pitch frequency perturbation [12, 13].
According to [14] jitter is difficult to manipulate for actors and there is only tendency
for anger portrayals to show more jitter than sadness portrayals. On the other hand, in
[15] an example is reported that a speaker may increase FO jitter for “happiness”
rather than increasing the overall pitch level. For similar perturbations in the context
of music performance the term “microintonation” is used [14]. However, phoneticians
use also the term “microintonation” or “micromelody” describing local changes in FO
as a part of microprosody [16]. Strictly speaking, “microprosody” comprises pitch,
duration, and energy short-term localized changes [17].

In our present work we analyze microintonation of male and female emotional
speech representing joy, sadness, anger, and a neutral state. Our approach to microin-
tonation estimation is somewhat similar to that of [18] where jitter related to mi-
crovariations of a pitch curve is computed as a relative number of zero crossings of a
derivative pitch curve normalized by utterance duration.

A. Esposito et al. (Eds.): COST 2102 Int. Training School 2009, LNCS 5967, pp. 268, 2010.
© Springer-Verlag Berlin Heidelberg 2010
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Our research aimed at microintonation analysis was motivated by requirement of
higher naturalness of synthetic speech with expression of emotions. We want to im-
plement microintonation into a pitch-synchronous cepstral speech synthesizer by
superimposing a small random variable to each pitch period. In this way the effect of
jitter can be modeled in the voiced parts of the synthesized speech. Randomization
will be controlled by statistical results of analyzed emotional speech corresponding to
different emotions. This modification can be applied directly to the text-to-speech
(TTS) system enabling expressive speech production [19].

On the other hand, we need to remove the microintonation component before creat-
ing a database of emotional prosodic prototypes for emotional speaking style conver-
sion using a similar TTS system [20]. When compared with other speech melody
components, the microintonation signal is a high-frequency signal and it can be fil-
tered out of the melody contour and processed separately. Microintonation statistical
and spectral analysis for several speakers expressing several emotions will be further
used to synthesize a FIR filter suppressing the microintonation part of the speech
signal.

2 Subject and Method

Microintonation, together with sentence melody and word melody, represents melody
of speech given by FO contour. Microintonation component of speech melody can be
supposed to be a random, band-pass signal that can be described by its spectrum and
statistical parameters. Fig. 1 shows the block diagram of our speech processing
method of microintonation analysis.

Statistical n:> Microintonation

analysis statistical parameters
Speech =) FO contour |, | Microintonat. | Spectral
signal analysis extraction > analysis

Microintonation
spectral parameters

Characteristic
frequencies

N Zer.o
crossings

Fig. 1. Block diagram of microintonation statistical and spectral parameters estimation

Speech frames classified as voiced are analyzed separately depending on emotional
state (joyous, sad, angry, and neutral) and voice type (male, female). The whole mi-
crointonation analysis procedure is divided into four phases:

1. Determination of FO values, definition of the voiced and unvoiced parts of the
processed speech signal.

2. FO contour analysis, microintonation extraction, calculation of zero crossing
parameters, determination of pitch periods and jitter calculation (for comparison
with microintonation values) in the voiced parts of the speech signal.



270 J. Ptibil and A. Piibilova

3. Microintonation and zero crossing statistical analysis of the concatenated signal
(see Fig. 2 and Fig. 4).

4. Microintonation signal spectral analysis and 3-dB bandwidth (B;) determination
from the concatenated signal (see Fig. 3 and Fig. 5).

The introductory microintonation processing phase consists of the following steps:

1. Determination of the melody contours from the voiced parts of speech smoothed
by a median filter.

2. Determination of FO,.,, values and calculation of the linear trend (LT) by the
mean square method.

3. Calculation of differential microintonation signal FOprr by subtraction of these
values from the corresponding FO contours (FO,,, and LT removal)

FODIFF("’): (Fo(n)_FOMean)_LT(n) . (D

4. Calculation of the absolute jitter Jups values, as the average absolute difference
between consecutive pitch periods L measured in samples [10]

1 N, -1

L —L

J v:7 n n+l |’ 2
st fS(NL—l); . @)

where f; is the sampling frequency and N; is the number of extracted pitch
periods.
5. Detection of zero crossings, calculation of zero crossing periods L;.

[ FO0 contour of voiced parts of words ]

11 Iyl

Pitch-period Mean FOand LT
calculation removal

L ’—’| Zerocrossing |
FOpirr
v v

Concatenation Concatenation Concatenation
Concat. pitch-periods Concat. microintonation Concat. zerocrossings
I b b

Absolute jitter Statistical analysis Statistical analysis

{ FOpirrminy FOp1FFmax, { N2, Lzmin, Lzmax, Lzmean,

FOpirrmeanp, FODIFFmeanM, Lzre, Lzsa }
FOpirrsta }

J Abs

Fig. 2. Block diagrams of microintonation signal analysis: basic and zero crossing statistical
analysis, absolute jitter calculation
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Basic statistical analysis phase is performed in tree steps:

1.

Statistical analysis of microintonation signal: minimum, maximum, and standard
deviation (mean value of microintonation signal approaches to zero). For both
positive and negative microintonation values the mean parameters are deter-
mined.

Statistical analysis of zero crossing periods: minimum, maximum, mean values,
standard deviation, and a relative value defined as Ly, = Nyp/N, - where Ny is the
total number of zero crossings in each of the four emotions, and N is the total
number of voiced frames.

Calculation and building of histograms from zero crossing periods L; for each of
the emotion groups and both voices. Subjective evaluation by visual comparison
of histograms and objective evaluation by hypothesis tests of distributions and
analysis of variance (ANOV A) with multiple comparison of groups.

Spectral analysis of concatenated differential microintonation signal is also carried
out for all emotions. This analysis phase is divided into three steps (see Fig. 3):

1.

Calculation of the frequency parameters from the zero crossing periods

LZx = {LZmina LZma)u LZmeam LZreIa LZstd} as Fle = fF/(2 . LZx)a where fF is the frame
frequency.

Microintonation signal spectral analysis by periodogram averaging using the
Welch method.

Determination of B3 values from these spectra for each of the emotion types.

[ Differential F( signal ]

MA filtration

- Zero padding
Zero padding

| FFT (+)|?

|FFT (+)|?

[ Sum&aver. [ (Z

Normalization

W
W

Mean spectrum
Filtered mean spectrum P

Fig. 3. Block diagrams of microintonation signal spectral analysis
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To obtain spectrum of smoothed microintonation signal (see Fig. 5b), the concate-
nated differential FO signal is filtered by a moving average filter of the length M
(Voiced parts shorter than M2 frames are not processed in further analysis).

150 130 T T T T T
— FO, Part [2/2]
125
100 |- " - - -4 4 - —1- - =l --'-4 0\ gy X Mean
i 120 === Lin.trend
g 50 i 115
a 0\
8 o ~ 110
1_ | !
}" 105} W
-50
100+
1% >0 10 20 8 40 50 60
a b
) —> N [frames] ) — N [frames]
20 - 10
1 - J— inas: N =
15 \I === FOyoqn SUbstraction sl Zerc? crossings: N, =8
|' \ — Lin.trend removal * Positions:1,10,30,35,37,44,57,62
1
~ [ 1 ~
L L
o B o
w 'S
5 1 5
I 1 i
15 . . . . . . 4 . . . . . .
C) 0 10 20 30 40 50 60 70 d) 0 10 20 30 40 50 60 70
—> N [frames] —> N [frames]

Fig. 4. Demonstration of microintonation

analysis: speech signal with FO contour (a), the sec-

ond voiced part: original FO, mean FO, and LT (b), differential signal after FO,,, and LT
subtraction (c), zero crossings of differential FO signal (d) — the sentence “Rekl Radomil” (“Ra-
domil said”) uttered in sad emotional style by a male Czech speaker.

10 : : : : : : 40 e
—-— FOdm'BasiC PN --- Basic, BS=2.6855
8':"\‘ — Filtered FOdiff. | | ¢ 1, | — Smoothed, B;=2.6042
i . 200 -M\ - - AR
w 6 Y 1 !
L [ i —
= [ IR o
o 4n i 1 k=)
" 1 T 5 O 43N
A\ Y
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Fig. 5. Demonstration of microintonation smoothing and spectrum determination (obtained
from the same sentence’s second voiced part as in Fig. 4): basic differential FO signal and the
one filtered by moving average (a), corresponding spectra and their 3-dB bandwidths B3 (b).
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3 Material, Experiments, and Results

Speech material for microintonation analysis was collected in two databases (male
and female voices — 132 sentences, 8+8 speakers altogether) consisting of neutral and
emotional sentences uttered by several speakers (extracted from the Czech and Slovak
stories uttered by professional actors). Classification of emotional states was carried
out manually, by subjective listening method with the help of distributed listening test
program [21]. Each of the extracted sentences was evaluated by a small group of
listeners. Every sentence having been evaluated as expressing the same emotional
state by all listeners was added to our database.

The frame length depends on the mean pitch period of the processed signal. In our
experiment, we had chosen overlapped 24-ms frames in 12-ms intervals for male
voice, and 16-ms frames in 8-ms intervals for female voice. It corresponds to the
frame frequency fr=83.3 Hz for males, and fr= 125 Hz for females. The typical
mean pitch-period length in samples of neutral emotional style, male voice is L= 140
which corresponds to 8.75 ms for f;= 16 kHz, in the case of female voice it is L = 80
samples, corresponding to 5 ms.

Pitch contours were given with the help of the PRAAT ' program [22]. The mini-
mum length of the processed voiced parts was experimentally set to 10 frames and the
corresponding filter length of Mp=8 was chosen. Number of analyzed voiced
parts / voiced frames) was:

= npeutral: 112/2698, joy: 79/1927, sadness: 128/3642, anger: 104/ 2391 — Male.
= neutral: 86/2333, joy: 87/2541, sadness: 92/2203, anger: 91/2349 — Female.

Results of basic statistical microintonation analysis in comparison with absolute jitter
values for all four emotional states are summarized in Tab. 1 (male voice) and Tab. 2
(female voice). Results of performed zero crossing analysis for male / female voices
are shown in Tab. 3/ Tab. 4. Summary histograms of zero crossing periods L; for
different emotions in dependence on the speaker gender are shown in Fig.7 and
Fig. 8.

For objective statistical comparison of zero crossing periods L; the Ansari-Bradley
test [24] was performed. If is the test of the hypothesis that two independent samples
come from the same distribution against the alternative that they come from distribu-
tions having the same median and shape but different variances. The result is 2 = 0 if
the null hypothesis of identical distributions cannot be rejected at the 5% significance
level, or h = 1 if the null hypothesis can be rejected at the 5% level. This test also
returns the probability of observing the given result, or one more extreme by chance if
the null hypothesis is true. Small values of this probability cast doubt on the validity
of the null hypothesis.

The results of the hypothesis tests based on comparison of distributions are pre-
sented in Tab. 5 for the male voice group, in Tab. 6 for the female voice group, and in
Tab. 7 for both voices. The second approach based on ANOVA was applied to zero

' The PRAAT internal settings for FO values determination were experimentally chosen by
visual comparison of testing sentences (one typical sentence from each of emotions and voice
classes) as follows: cross-correlation analysis method [23], pitch-range 35+250 Hz for male
and 105+350 Hz for female voices.
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crossing periods L, together with multiple comparison test. Fig. 9 shows the graph
with each group mean represented by a symbol and an interval around the symbol.
Two means are significantly different if their intervals are disjoint, and are not sig-
nificantly different if their intervals overlap.

Table 1. Summary results of microintonation basic statistical analysis (differential FO parame-
ters in [Hz]) together with absolute jitter values (in [ms]) — male voice

Emotion FOpiprmin  FOprrrmax FODIFFmeanP*) F ODIFFmeanN**) FOpirrsta Jabs

Neutral -10.57 13.18 2.66 -3.07 3.92 0.2908
Joy -31.76 37.62 7.27 -7.22 9.71 0.7057
Sadness -32.97 25.71 4.02 -3.95 5.57 0.4485
Anger -46.32 45.17 8.62 -8.89 10.23 0.6014

9 calculated from positive microintonation values.

*>f») . . . .
calculated from negative microintonation values.

Table 2. Summary results of microintonation basic statistical analysis and jitter values — female
voice

Emotion FOpppmin FOpprmax  FOpirrmeanr i FOpirrmeanN o FOpirrsia Jabs

Neutral -44.39 38.35 4.11 -5.46 7.06 0.1673
Joy -40.87 43.55 11.85 -10.78 14.39 0.3329
Sadness -54.28 50.66 7.05 -7.32 10.29 0.2354
Anger -44.35 42.95 10.16 -10.16 13.07 0.3450

# .. . . .
) calculated from positive microintonation values.

ek . . . .
) calculated from negative microintonation values.

Table 3. Summary results of zero crossing analysis (zero crossing period L; parameters in
[frames]) — male voice

Emotion NZ LZmax*) LZM‘.‘ LZ&@
Neutral 592 26 6.04 4.19
Joy 403 59 8.26 6.52
Sadness 681 57 6.82 5.69
Anger 521 23 6.74 4.57
g Lymin = 1.

Table 4. Summary results of zero crossing analysis — female voice

Emotion N, VA LZmax*) LZmean LZstd
Neutral 636 27 4.77 3.79
Joy 448 36 7.68 5.44
Sadness 680 40 5.41 4.81
Anger 381 23 5.83 3.66

*
) LZmin =1
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Fig. 7. Histograms of zero crossing periods L; calculated from differential FO signal: “neutral”
style (a), and emotions - “joy” (b), “sadness” (c), and “anger” (d) — male voice
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Fig. 8. Histograms of zero crossing periods L; calculated from differential FO signal: “neutral”
style (a), and emotions - “joy” (b), “sadness” (c), and “anger” (d) — female voice

Table 5. Partial results of zero crossing periods L; Ansari-Bradley hypothesis tests based on
comparison of distribution — male voice group

*)

Neutral Joy Sadness Anger
Neutral 0/1 1/3.37 107 1/0.035 1/0.066
Joy 0/1 1/8.99 107 1/0.006
Sadness 0/1 1/0.021
_Anger 0/1

' null hypothesis / probability values for 5% significance level.

Table 6. Partial results of zero crossing periods Lz hypothesis tests — female voice group

*)

Neutral Joy Sadness Anger
Neutral 0/1 1/4.8810°7 1/0.006 1/0.017
Joy 0/1 1/0.002  1/4.01.10°%
Sadness 0/1 1/0.002
ﬂer 0/1

' null hypothesis / probability values for 5% significance level.

Table 7. Summary results of zero crossing periods Lz hypothesis tests (comparison male vs.
female voice group) between particular emotions

Neutral

Joy

Sadness

Anger

h/pﬂ

0/0.4397

0/0.8926

0/0.6953

0/0.5773

? null hypothesis / probability values for 5% significance level.
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neutr_m - _ i
neutr_f - -
joy_m — —

joy_fr- —_— 4
sadness_m - —_— 4
sadness_f - —_— -
anger_m —_— =
anger_f — —_— —
| | I | I I | I
1.5 2 25 3 3.5 4.5 5 55 6 6.5

Fig. 9. Graphics results of zero crossing periods L; multiple comparison of ANOVA (male and
female voice groups) for corresponding emotions

Zero crossing periods were subsequently used to calculate microintonation signal
spectral analysis. Obtained results of spectral analysis including the 3-dB bandwidth
values are shown in Tab. 8 for male voice, and in Tab. 9 for female voice. The aver-
age microintonation spectra (with and without smoothing by moving average) can be
seen in Fig. 10 (male voice), and Fig. 11 (female voice).

Table 8. Summary results of spectral analysis (frequency parameters in [Hz] derived from
concatenated differential FO signal) — male voice.

Emotion F Zmin*) F Zmean F Zrel F Zstd B3 B3F**)
Neutral 1.60 6.89 8.83 9.93 6.75 4.56
Joy 0.71 5.04 6.45 6.39 4.56 3.82
Sadness 0.73 6.11 7.78 7.23 4.39 2.69
Anger 1.81 6.18 8.00 9.12 5.37 4.07

? Lymin=1% FZmaxzf}'“/z-

* 3-dB bandwidth corresponding to the signal smoothed by moving average filter with Mg = 8.

Table 9. Summary results of spectral analysis — female voice

Emotion FZmin*) FZM FZrel FZ;Ld B3 B3F**)
Neutral 2.23 11.88 14.60 16.52 11.59 6.71
Joy 1.56 9.41 11.94 11.94 9.03 5.61
Sadness 1.56 9.33 11.66 11.52 7.20 3.17
Anger 2.08 9.88 12.59 14.11 10.74 5.86

N Lzmin=1% FZmaxsz/2~

* 3-dB bandwidth corresponding to the signal smoothed by moving average filter with Mp= 8.
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Basic
Smoothed

Fig. 10. Spectra of microintonation used for 3-dB bandwidth determination for emotions (with
and without smoothing by moving average): “neutral” (a), “joy” (b), “sadness” (c), and “anger”
(d) - male voice, fr=83.3 Hz

- ISI [dB]
- ISI [dB]
- ISI [dB]
- ISI [dB]

[ 0 0
N f N
a) b) c) d)
Fig. 11. Spectra of microintonation used for 3-dB bandwidth determination for emotions (with

and without smoothing by moving average): “neutral” (a), “joy” (b), “sadness” (c), and “anger”
(d) - female voice, fr=125 Hz

4 Conclusion

Statistical and spectral analysis of microintonation signal component of speech melody
for several speakers and four emotional states (joy, sadness, anger, neutral state) was
performed. From comparison of basic statistical microintonation analysis stored in
Tab. 1 and Tab. 2 follows, that absolute jitter values are in accordance with the human
vocal tract properties. Female shorter pitch periods are accompanied with shorter val-
ues of the absolute jitters, but higher relative changes in the frequency domain (mean
FOprr values). The highest values of jitter correspond to “joy” and the lowest ones
correspond to “sadness” for both voices. Similar results are shown in [25].

The same tendency can be observed for statistical results of zero crossing analysis.
Although different frame lengths were used in microintonation frequency analysis for
male and female voices, we can see matched similar values for all corresponding
emotions. Visual comparison of histograms of zero crossing periods Ly is not signifi-
cant, but higher relative occurrence of low L, values can be noticed in “neutral” style
for both voices. From objective statistical comparison of zero crossing periods L, by
Ansari-Bradley hypothesis test follows, that the null hypotheses were rejected at the
5% significance level for each of the emotion types inside the gender group (see Tab.
5 and Tab. 6). On the other hand, the null hypotheses between the corresponding
emotions of both types of voices are in all cases fulfilled at the same significance
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level (see Tab. 7). The result of final multiple comparison of ANOVA also confirms
good correlation between particular emotions as shown Fig. 9.

Obtained results of spectral analysis (especially the By and By values in Tab. 8 and
Tab. 9) will be used to synthesize a digital filter for suppression of microintonation
component of a speech signal. For microintonation removal from the FO contour we
can use FIR filters, e.g. an averaging filter or using Hann, Bartlett, or Hamming win-
dow. The first zero frequency of the transmission function of the averaging rectangu-
lar filter F; (approximate 1/2 of the main lobe width) will be given by F| =fr/ M,
where M will the filter length. If we set this frequency F equal to e.g. B; value, we
obtain the rectangular filter length My =fr /F;. For the other three mentioned filters,
the required filter length will be My =2 . M. As regards visual comparison of aver-
age spectra in Fig. 10 and Fig. 11, the applied filtering by moving average was effec-
tive, the minimum signal suppression is about 25 dB for all emotions of both voices.

Out next aim will be to construct a special random noise generator for microintona-
tion control and implement it to our TTS system with expressive speech production.
This random generator will produce the samples (values for pitch-period length ran-
domization) with different distribution in dependence of chosen type of emotion, as
were analyzed in this paper.
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