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Abstract 

In order to investigate whether nonlinear methods of signal analysis provide a useful 
quantification for a successive classification of newborn cries, the present study computed the 
fractal dimension (D), the standard deviation (SD), the zero crossing, the fundamental frequency 
(fO) and the formant frequencies (Fl and F2) on cry segments produced by newborns in 
spontaneous way or during pain. The results demonstrated that a suitable algorithm, mainly based 
on SD, D and fO, can be used to identify the characteristic pattern of a single cry event. A 
combination of these parameters allowed us to correctly classify the cries, demonstrating that 
linear and non linear parameters can be successfully jointly used in the cry analysis. 

Introduction 

In the first months of life full-term healthy 
newborn infants normally cry in response to 
internal and external stimuli. This is the only 
way an infant has to communicate 
information during early stages of 
development, thus presenting a great interest 
for the paediatrician [1]. In fact, from a 
physiological perspective, infant cry research 
has addressed many issues on the evaluation 
and the analysis of vocalisations of the 
newborn, pointing out a significant 
correlation between distinctive sound 
emiSSIOn parameters and specific 
physiological or pathological conditions 
along a continuum of intensity of distress [2]. 
Among many others, for example, the 
fundamental frequency (f0 ) and the associate 
harmonic structure (e.g., minimum and 
maximum f0 , f0 range, f0 shift, f0 melody 
type, harmonic doubling, biphonation, etc.) 
as well as the formant frequencies (F1, F2 , 

etc.) and breathing intervals of newborn cries 
has been studied in hunger [3] and pain 
situations, in hyperbilirubinemic neonates [ 4] 
or in infants with neurological, laryngeal or 
respiratory disorders [5]. 
Generally, the acoustic (mainly spectral) 
analysis of the cry is carried out on segments 
manually identified, the latter operation 
being very time consuming[ 

On the other hand, the chaos theory has been 
applied to voice sounds [6-8] to distinguish 
successfully different kind of speech. 
The first aim of the present study was to 
determine a method, mainly based on a non 
linear parametric analysis of a sound, to 
identify each cry event present in a 
recording. A second goal was to compare 
spectral and non linear parameters in two 
different cry conditions to better recognise 
different states of distress in the newborn. To 
obtain the first objective, the method 
identified the inspiratory tracts around which 
some parameters assumed a different value 
than during the cry or the inspiration itself 
(fig.l). The second goal was reached by 
using the same parameters which values were 
significantly different in two cry situations 
considered. 

Material and Methods 

Seventy-two digital audio-taped recordings 
of full-term healthy babies were analysed. 
The newborns were separated in two 
different distress condition groups: 36 babies 
were recorded in a pain condition after a 
prick for the hematic check-up the third day 
after delivery and 36 while crymg 
spontaneously in the cradle. 
The sounds were sampled at 44100 Hz with a 
16 bit resolution and converted to the . wav 
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format. All the analyses were performed by a 
software written m the MA TLABe 
environment. 
The signal was divided in segments of 20ms; 
on each of those the following parameters 
were calculated: the number of zero 
crossings (ZC), the fractal dimension (D), 
that permits to quantify and to link together 
the complexity and the self-similarity of a 
pattern, the standard deviation (SD) of the 
signal, used as a measure of the signal 
variability, the fundamental frequency (fO) 
and the first two formant frequencies (F 1 and 
F2). The fractal dimension was evaluated, 
directly on the time series, by using a 
method based on the Higuchi [9] algorithm 
with intervals of 20ms and an overlap of 
12%,. The fO was estimated by means of the 
autocorrelation method while Fl and F2 were 
estimated by means of the Coefficients of a 
20th-order Linear Predictor. 
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Since the cry event was defined as the 
interval that occurs between two successive 
inspirations rather than that between two 
pauses (which could be due to silence or 
inspiration or breathing) at first we identified 
the inspiratory events. In order to obtain this 
goal, the values of the linear and non linear 
parameters were compared with those typical 
of an inspiration used as thresholds. For 
example the threshold for the fractal 
dimension was fixed at 1.45 while for the 
standard deviation was near to zero. 
After the identification of the cry events, the 
mean values and the standard deviations of 
the parameters were calculated on each 
segment. These values were used to 
discriminate between the two classes, pain 
and spontaneous, by using a multivariate 
analysis. 
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Figure 1. Example of two successive events of spontaneous cry and of the behaviours of the 
corresponding parameters. It is to be noted that immediately before and after the inspirations the 
values of standard deviation as near to zero and the other parameters show typical shapes. 

Results and Discussion 
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Figure 1 shows an example of two successive 
cry events and the behaviours of the 
corresponding parameters. 
The events were automatically identified by 
means of suitable thresholds for the Standard 
Deviation, the fractal dimension and the 
fundamental frequency parameters. Also the 
zero crossing could identify the events but 
with more difficulties. 
We pointed out that the use of classical 
techniques for identifying voiced (sounds 
generated by vocal cords vibration which 
corresponds to a presence of a fundamental 
frequency or Pitch) and unvoiced sounds 
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(obtained without vocal cords vibration) are 
not enough to discriminate between 
inspiration and cry. In fact, the inspirations 
often are voiced sounds (like the cries) while 
crying events can occur interrupted by 
unvoiced sounds or silences (fig.2). On the 
other hand was noted a fast shift of fO just 
during the inspiratory events. Then, analysing 
the behaviour of the other parameters, we 
observed that immediately before and after 
the inspiration the SD values were lower than 
during it, thus, by fixating a suitable 
threshold, it was possible to identify the 
inspiration (fig.l ). 
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Figure 2. On top: example of a single cry event, between the two vertical bars. It can be noted that 
the cry consist of three different episodes of voiced sounds. On bottom: the segmentation in 
voiced (V) and unvoiced (U) sounds with the presence of the fundamental frequency. 

Since a similar behaviour was present also 
for the cry event but with a duration usually 
greater than the duration of inspiration, the 
cry event identification was carried out by 
also considering the interval duration 
between two successive identifications of 
inspiration. If this interval was shorter than 
300 ms the event was classified as 
inspiratory otherwise as a cry event. 
The behaviour of D was opposite to that of 
the Standard Deviation (fig.l ), confirming a 
lower complexity during the voiced sounds, 
characterised by fO and its harmonics, than 
during silence or unvoiced sounds, 

characterised by much more 'noise' or a 
large frequency spectrum. In this case the 
intervals with low D values can be 
considered as cries or inspiration events. 
The Zero Crossing parameter was similar to 
the fractal behaviour but with a lower 
discriminant power (figs. I and 3). 
To classify the identified events in two 
different groups, the mean values of the 
parameters during each event were compared 
with those, statistically typical of each group, 
derived from other our data and from the 
studies of Brennan & Kirkland [ 1 0], of 
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Schonweiler et al. [12] and of Wasz-Hockert 
et al. [ 4]. 
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Fig.3. Example of a single cry event and the 
corresponding zero crossing parameter 
behaviour. 
For this purpose, we also considered the 
behaviour of the first two formant 
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frequencies (F 1 and F2) related to the 
fundamental frequency fO. 
The percentage of correct classification, 
obtained by using the discriminant analysis, 
was better than 75%. 

Conclusions 

The results demonstrated that a suitable 
algorithm, mainly based on standard 
deviation, fractal dimension and fO, can be 
used to identify the characteristic pattern of a 
single cry event. The first two parameters 
well discriminated between voiced and 
unvoiced sounds; the SD mainly linking his 
behaviour to the shape of amplitude envelope 
of the sound while the fractal dimension 
mainly to the spectral characteristics and to 
the self-similarity of the signal. Thus, 
inspiration tracts, characterised by voiced 
sound and low duration were well identified. 
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Figure 3. Example of different pattern of the fundamental frequency in two different distress 
groups. The spontaneous crying (hunger) had a shape smoother than the other one (pain) that 
present higher frequency values and a larger variability. 

In a few cases (which are recognised as 
critical conditions also in the literature [11]), 
a wrong identification of inspiration edge 
occurred; this was mainly due to situations in 

which the interval between the cry and the 
inspiration was absent or if 
contemporaneously the inspiration was 



voiced or flat and the expiration was 
unvoiced (sighs). 
Furthermore, the infants that cried for pain 
showed a more pronounced presence of 
parameters variability such as longer 
breathing intervals and greater shifting in f0 

compared to the spontaneously crying babies, 
thus producing different fO shapes (fig.3) 
used in the successive classification task. 
The suitable use of the parameters led to a 
high value of corrected classification, 
demonstrating that the combination of the 
parameters we used permits to gain the 
prefixed goal. 
These results suggest the possibility for a 
totally automatic processing of infant cry 
exists, and this may lead to new non-invasive 
techniques for recognising different early 
stress conditions that may give useful 
information of early psychological states in 
the human neonate [12]. 

Acknowledgements: Work partially 
supported by University of Trieste (MURST 
60%). 

References 

[1] Rapisardi G., Moroni M., Donzelli G.P., 
Scarano E., Ismaelli A. e Bruscaglioni P. 
1989. Applicazioni in campo clinico e di 
ricerca dell'analisi del pianto neonatale. 
Acta Pediatrica Latina, XL, fasc Illn pp. 
338-353. 

(2] Barr R.G. 1990.The normal crying curve: 
what do we really know? Developmental 
Medicine and Child Neurology 32, 356-
362. 

[3] Gilbert H.R, Robb M.P. 1996. Vocal 
fundamental frequency characteristics of 
infant hunger cries: birth to 12 months. 
International Journal of Pediatric 
Otorhinolaryngology 1996; 34(3): 237-
243. 

[ 4] Wasz-Hockert 0, Koivisto M, 
Vuorenkoski V, Partanen TJ, Lind J. 
1971. Spectrographic analysis ofpain cry 
in hyperbilirubinemia. Biological 
Neonate. 1971; 17(3): 260-271. 

(5] Golub H.L. & Corwin M.J. 1982. Infant 
cry: a clue to diagnosis. Pediatrics. 
69(2): 197-201. 

[6] Accardo A.P. & Mumolo E. 1998. An 
algorithm for the automatic 
differentiation between the speech of 

normals and patients with Friedreich's 
ataxia based on the short-time fractal 
dimension. Comput Bioi Med, 28(1), 75-
89 

[7] Hertrich 1., Lutzenberger W., Spieker S., 
Ackermann H. 1997. Fractal dimension 
of sustained vowel productions in 
neurological dysphonias: an acoustic and 
electroglottographic analysis [letter]. 1 
Acoust Soc Am, 102(1), 652-4. 

[8] Boek W., Wieneke G.H., Dejonckere 
P.H. 1997. Clinical relevance of the 
fractal dimension of FO perturbations 
computed by the box-counting method. J 
Voice, 11(4), 437-42. 

[9] Higuchi T 1988 Approach to an irregular 
time series on the basis of the fractal 
theory. Physica D 31, 277-283. 

[10]Brennan M. & Kirkland J. 1979. 
Discrimination of infants' cry-signals, 
Perceptual and Motor Skills 48 683-686. 

(11]Schonweiler R., Kaese S., Moller S., 
Rinscheid A. & Ptok M. 1996. Neuronal 
networks and self-organizing maps: new 
computer techniques in the acoustic 
evaluation of the infant cry. 
Internastional Journal of Pediatrical 
Otorhinolaryngology 38(1) pp. 1-11. 

[12]Gopal H.S.: Gerber S.E. 1992. Why and 
how should we study infant cry? 
International Journal of Pediatric 
Otorhinolaryngology. 25, 227-234. 

MAVEBA 1999, Firenze, Italy 107




