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ABSTRACT "yuck!") rather than a speaker adopting a particular vocal
setting and/or voice quality [3].

This brief study presents a set of acoustic correlat_es for Anger, fear, sadness, joy and disgust are among the emotions
number of vocal emotions simulated by two actors. Five shoth ot have been frequently studied and their acoustic

sentences were used in the simulations. The emotions simulatgd acteristics have been documented in a number of sources [5,

were neutral, cold anger, hot anger, happiness, sadness, inter@stg 10, 13, 14]. The main acoustic cues that have been

and elation. The seventy sentences were digitised and a nUMbRJeumented as characterising these emotions can be
of acoustic analyses were carried out, which included a numb%ﬁmmarised as follows

of perturbation measures. The acoustic parameters investigated
were: i) mean overall fundamental frequency (Hz); ii) overall,
mean energy (dB); iii) overall mean standard deviation of
energy (dB); iv) mean overall jitter (%); and v) mean overall
shimmer (dB). These acoustic parameters were used to profile
the vocal emotions.

Anger: There are two types of anger that are
described in the literature [e.g. 3]. These are hot
anger and cold anger and although similar in
quality, differ in intensity. The former, which is
more intense in quality, is characterised by an
increase in mean fundamental frequency (FO) and
mean intensity; an increase in FO variability and
range; an increase in high-frequency energy, falling
FO contours and increased articulation rate.
Acoustic characteristics which typify cold anger
1. INTRODUCTION include: an increase in mean FO, an increase in
mean intensity, an increase in high frequency
Speech and voice characteristics are shaped by a wide variety of energy and falling FO contours.
complex and inter-related factors. These complex and inter-
related factors include stress [1, 2] and human vocal emotion [8, Fear: Fear is characterised by an increase both in
4]. It is widely documented that different emotions can be mean FO and FO range and by an increase in both
signalled and communicated through a speaker's vocal high frequency energy and articulation rate;
characteristics. See [4, 5 and 6] for reviews of the literature on

vocal emotions. e Sadness This emotion is characterised by a

] S ) decrease both in mean FO and FO range; a decrease
Research into how naturalistic situations shape vocal emotions  jn mean intensity, falling FO contours and decreases

and the characteristics associated with them [7] would be in high-frequency energy and articulation rate and
preferred to the use of simulations by actors [3, 7, 8, 9, 10]. lower levels of articulatory precision; and

However, truly naturalistic data is difficult to obtain, because

the collection of such data is often fraught with serious ethical  joy or Elation: These emotions are characterised

and moral considerations. by an increase in the following: mean FO and FO

. o ) ) ) range, FO variability, mean intensity, and in some
The ecological validity of studying vocal emotion using actors cases, an increase in high-frequency energy and
has been questioned by some researchers [11]. However, some gticulation rate.

recent studies into the vocal expression of emotion [3, 9, 10,

12], have demonstrated that actors are able to simulate vocghe apove summary indicates that there are primary and salient
emotions, which are on the whole, successfully decoded bycoustic  characteristics  for vocal ~emotions.  These
listeners at better than chance levels. Banse and Scherer [3] {{aracteristics include: i) fundamental frequency characteristics
example, found that from a set of 14 emotions portrayed bynich include, the level, range and contour patterns; ii) vocal
actors (hot anger, cold anger, panic fear, anxiety, despaignergy or intensity of voice; iii) the distribution of energy in the
sadness, elation, happiness, interest, boredom, shame, pridgectrum; iv) the location of formant frequencies; and V)
disgust and contempt), that the only two emotions which wergsmporal characteristics such as speech rate [3]. Whether there
not accurately identified, were shame and disgust. They suggegfe robust emotion-specific vocal characteristics is investigated
that these two emotions rely more on visual rather thar) vocqxjy Banse and Scherer [3], who report on a number of acoustic
cues [3]. In the case of shame for example, people are likely fgqfiles that indicate the degree of intensity typical for different
avoid speaking while in this emotional state and therefore theigmotions together with their valence and quality. In addition,
are few perceptually salient cues which listeners woulgnese vocal profiles are powerful enough to indicate those

associate with this emotion. With regard to disgust, the signal @fmotions that are distinctly different (e.g. hot anger versus
this emotion often takes the form of brief affect bursts (e.g.

Results showed that the actors displayed similarities in their
acoustic profiles for some emotions like anger and sadness, for
example. The results are presented and discussed in brief.



boredom) or those that have a family resemblance (e.g. elatigh 4

_ _ Acoustic Analysis
and happiness, despair and sadness).

A total of 5 parameters were derived for each of the 70

This preliminary study aims to examine a set of acoustigentences (2 speakers x 5 sentences x 7 emotions). The details
parameters which include a number of voice and perturbatiog ihese are given below.

measures for 70 sentences representing seven vocal emotions
(neutral, hot anger, cold anger, happiness, sadness, interest

elation) simulated by an actor and an actress. The followin?-"%'l' Mear! .energy and mean energy
acoustic parameters were investigated: overall mean energSIandard deviation (dB) - 2 parameters

standard deviations of energy; mean fundamental frequenchhe mean energy (in decibels of sound pressure- dB SPL) of the
values; mean jitter (%) values; and shimmer (dB) The results afpeech samples was calculated using a 20ms frame length. The
this brief study are presented and discussed within a framewodB SPL are computed from the speech pressure waveform as 20
that attempts to characterise the simulations. In addition, thétmes the log of the square root of the energy which has been
similarities and differences between the portrayals of the actativided by the number of sampled data points in the frame. The
and actress are profiled and discussed in brief. standard deviation values calculated by this algorithm were
subsequently used to derive the mean of the standard deviations
to provide an indicator of the variability of energy.

2. METHOD

2.4.2. Mean Fundamental Frequency (Hz)- 1

parameter
RT is a 27 year old female with a standard southern BritisiMlean fundamental frequencies were obtainedefach phrase
English accent. RP is a 32 year old male, with a standard Britiglising an auto-correlation method and a frame size of 20 ms with
English accent with some northern colouring. Both speakers a@20 ms frame advance.
non-smokers and have normal hearing, speech and language. At
the time of recording, RT and RP had a total of three and twelv 4.3, Mean Jitter (%)- 1 parameter
years respectively, of amateur and professional actingean jitter values (%) were obtained for each phrase using
experience. Koike et al.'s [15] perturbation formula.

2.1. Subjects

2.2. Speech Material 2.4.4. Mean Shimmer (dB)- 1 parameter

. o . _Mean shimmer values (dB) were obtained for each phrase, as
The speech material used to elicit the emotional data CO”S'St%che-to-cycle variations in amplitude.

of 5 brief sentencesWeigh your yellow ruler; Wheel your
wallaroo away; Rule your row warily; Reel your wheel away;
You will reel your wogl The 7 emotions that were simulated
were neutral, cold anger, hot anger, happiness, sadnes
interest and elation These emotions with the exception of

3. RESULTS

s
The mean and standard deviation values of the acoustic
neutral, were chosen from the set of emotions studied b>parameters are given in Tables 1 and 2 for speakers, RT (F) and

Scherer and his colleagues [3, 9, 10] to represent a balance i (M), respectively. Further to this, the mean z-scores for
different emotional strength, valence and activity. jitter (%) and shimmer (dB) were calculated for each speaker.

These are profiled by emotion, in Figures 1 and 2, for speakers
RT and RP, respectively. The jitter and shimmer data for

speakers RT and RP were subsequently classified by machine
) ) ] using a discriminant analysis routine. The mean number of

Several weeks prior to the recording session, both RT and Rf3ses correctly classified for the 7 vocal emotions, were 45.7%
were given the speech material to rehearse the portrayal of thesdd 37.19%, for speakers RT and RP, respectively. The details of
emotions listed above. All recordings were carried out in ahjs discriminant analysis are given in Table 3. Subsequent to
sound proof room using a Sony DAT recorder. All 70 sentencegyjs, all five parameters were used in the discriminant analysis
(7 emotions x 5 sentences x 2 speakers) were digitise@utine. Here, correct classification scores were raised to 88.6%

(sampling rate of 10kHz) onto a Kay Computerized Speech Lafind 85.7%, for speakers RT and RP, respectively.
(CSL) model 4300, which was used to carry out all the acoustic

analyses and derive the acoustic parameters which are described

2.3. Speech Data Collection

below.
Emotion Neutral Cold Anger Hot Anger Happiness Sadness Interept Elation
Parameter
Energy (dB) 53.3 (1.6) 55.5 (1.6) 65.0 (.9) 59.9 (1.3) 47.7 (1) 59.3 (1.2) 59.5 (1L.8)

Energy sd (dB) 5.8 (2.1) 6.3 (1.2) 10.2 (.4 8.1 (.8) 4.3 (.5 7.4 (1.p) 7.6 (.0

Mean FO (Hz) 188.8 (4.2)) 188.0 (5.0 171.7 (9.2) 172.9(12.9) 1833 (F.7) 167.9(13.2) 156.5/(14.2)
Jitter (%) 1.9(1.1) 2.8(.8) 9.5 (1.6) 45 (1.4) 1.8(.8) 6.1(1.2) 8.4 (1p)

Shimmer (dB) 9 (1) 1.2 (1.0) 1.7 (1) 1.2(.2) .8 (1) 1.3(2 1.6 (.2)

Table 1: Mean and standard deviation values for acoustic parameters - speaker RT (F).



Emotion Neutral Cold Anger Hot Anger Happiness$ Sadness Interept Elation
Parameter
Energy (dB) 56.2 (1.8) 57.7 (1.6) 60.8 (.7) 59.8 (1.4) 46.9 (23) 58.1 (1.2) 63.0 (L.2)
Energy sd (dB) 6.2 (.9) 7.1(.8) 7.6 (.8) 7.1(.4) 3.5(.9 6.5 (.9 7.5(7)
Mean FO (Hz) 133.6(1.8)] 141.0(10.7) 153.7(6.8) 158.0(10.2) 112.5(11.4) 151.0(15.6) 151.]1(6.6)
Jitter (%) 9.9(1.9 10.2 (2.2) 14.6 (3.1 8.8 (2.6 10.6 (1.9) 14.1 (2.5) 15.4 (3.0)
Shimmer (dB) 1.9(.2) 1.8 (.2) 2.2 (1) 1.8(.2) 1.7 (.2) 2.2 (3 2.0(4)
Table 2 Mean and standard deviation values for acoustic parameters - speaker RP (M).
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Figure 1. Mean z-scores for jitter (%) and shimmer (dB) by
emotion: speaker RT (F).

Figure 2: Mean z-scores for jitter (%) and shimmer (dB) by
emotion: speaker RP (M).

Classification Neutral Cold Anger Hot Anger Happines$ Sadness Interept Elation
Emotion
Neutral (0 20* 0* 20* 60* (0 0*
40** 0** o** 20** 40** O** o**
Cold Anger 20* 80* 0* 0* (0 o* 0*
20** 20** o** o** 40** 20** o**
Hot Anger 0* 0* 60* 0* o* o* 40*
20** 0** 0** O** 0** 40** 40**
Happiness o* 20* o* 40% o* 40* 0*
0** 0** O** 60** 20** 20** O**
Sadness 40* 0* 0* 0* 60* 0* 0*
O** 20** o** 20** 40** O** 20**
Interest 0* 0* 0* 40* 0* 40* 20*
0** 0** 20** O** 20** 40** 20**
Elation o* (0 40* 0* o* 20* 40*
O** O** o** o** 20** 20** 60**

Table 3: Results of discriminant analysis (%) for speakers RT (F - indicat&d dnyd RP (M - indicated b¥f) .

4. DISCUSSION

There were both similarities and differences in the acoustic
profiles of the vocal emotions of the actors RT and RP (Table 1
and 2). The similarities and differences could be due both, to
idiosyncrasies and, differences in the interpretation of the

various emotions by the actors. The similarities included:

« Energy: an increase for hot anger compared to

neutral, cold anger and sadness; an increase in
for hot anger compared to neutral; a decrease for
sadness compared to neutral, cold anger, hot
anger and happiness;



» Energy sd: an increase for interest and elation
compared to sadness; a decrease for sadness
compared to hot anger and happiness.

 Fundamental frequency (FO): an increase for
elation compared to sadness; a decrease for
elation compared to neutral and cold anger.

e Jitter: an increase for hot anger compared to
neutral, cold anger, happiness and sadness; a
decrease for sadness compared to hot anger and
elation.

e Shimmer: an increase for hot anger compared to
happiness and sadness; a decrease for cold anger
compared to hot anger.

The discriminant analysis routine using all 5 acoustic
parameters showed high levels of machine recognition for both
speakers. However, when the statistical procedure was carried
out by only using the 2 perturbation measures, jitter and
shimmer, lower levels of classification were achieved for both
speakers. However, these lower levels were still above chance
(14.3%), which suggests that the perturbation measures were
successful in classifying some of the emotions. There were
however, differences in the classification profiles of the two
actors. These disparities are reflected in the z-score profiles of
the 7 emotions of both speakers (Figures 1 and 2). For example,
the similarities in the profiles (Figure 1) for speaker RT for Hot
Anger-Elation, Neutral-Sadness and Happiness-Interest explain
the patterns of misclassification (Table 3). Misclassifications in
the data of speaker RP (Table 3), included confusions among
the emotions Neutral-Sadness, Cold Anger-Sadness, Hot Anger-
Interest-Elation, and can also be explained by the extent of the
similarities and differences in the z-score profiles of these
emotion groups (Figure 2).

This preliminary study found profiles of acoustic measures of
FO, Energy and standard deviation of Energy, to be similar to
those of earlier studies [3, 12]. Acoustic profiles of these
parameters reflected the high levels of activity associated with
emotions like Hot Anger and Elation, and the lower levels of
activity in Sadness, for example. In addition, the perturbation
measures of jitter and shimmer also showed profiles that
reflected the higher levels of activity associated with hot anger
compared to the more controlled and restricted nature of Cold
Anger, and the low levels of activity associated with Sadness.
These preliminary data suggest that perturbation measures
deserve some serious consideration in the acoustic profiling of
vocal emotion, and their contribution to voice quality.
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