
Abstract:  The aim of this collaborative work is to 
provide the automated assessment of the melodic 
shape of the newborn cry with the BioVoice 
software tool. The method was tested on synthetic 
signals with 100% matching. Acoustical parameters 
of cries obtained from preterm and term newborns 
in Liege (Belgium) and Firenze (Italy) were 
estimated with BioVoice. The automated 
classification was first compared to the perceptual 
(visual) analysis considered as the gold standard on 
a set of healthy at term newborns with a matching 
up to 85%. Then, significant differences were found 
between at term and preterm babies up to 85%. 
Our study suggests that some melodic 
characteristics of the newborn cry could be detected 
to predict the belonging to term/preterm group of 
patients with an acceptable accuracy.     
Keywords: Newborn, cry, preterm newborn, cry 
melody, automated analysis. 

I. INTRODUCTION

The acoustical analysis of infant crying is a 
promising non-intrusive and cheap approach as an aid 
to early diagnosis of neurological disorders [1]. The 
most relevant clinical parameter is the fundamental 
frequency f0, which reflects the regularity of the 
vibration of the vocal folds of the newborn. To date, 
the analysis of the infant crying melody, that is the 
temporal trend of f0 over time, is carried out by the 
paediatrician/neurologist with a perceptive 
examination based on listening to the cry and visually 
inspecting the fundamental frequency f0 shape. This 
approach is not widespread as the procedure is 
operator-dependent and requires a considerable amount 
of time often prohibitive in daily clinical practice [2]. 
The aim of our collaborative work is to provide a fast 
and fully automated method for assessing the melody 

shape of the newborn cry that could be used routinely 
to assess at risk newborns such as preterm infants. 

Indeed, preterm newborns are at high risk for 
developing cerebral palsy, cognitive impairment, 
behavioural difficulties and/or neurosensory 
disabilities [3]. Early diagnosis of neurological 
impairment is crucial to initiate neuromodulatory 
interventions supporting cerebral plasticity, while 
delayed recognition increases the risk for co-
morbidities and poor outcome. Systematic automated 
analysis of the newborn cry performed at term-
equivalent age could thus help clinicians to identify 
particular pattern of cry that could be predictive of 
poor neurological outcome. 

Furthermore, cry is a developmental process 
influenced by acoustical environment and stimulations. 
Premature birth causes a sudden transition from the 
physiological intrauterine environment towards the 
noisy world of the neonatal intensive care unit (NICU), 
depriving the baby of the biological maternal voice. 
The cry, as the first way of communication 
experienced by the newborn to elicit caretaking, could 
be negatively influenced by this modified environment. 
Developmental care is a broad category of 
interventions designed to minimize the stress of the 
NICU environment [3, 4]. These interventions may 
include elements such as control of external auditory 
stimuli and facilitation of parental involvement. Again, 
a systematic analysis of the newborn cry could identify 
adequate strategies that could minimize the impact of 
the postnatal environment on neurodevelopment, in 
particular speech and language acquisition. 

II. METHODS

BioVoice is a multi-purpose voice analysis tool 
developed under Matlab® at the Biomedical 
Engineering Lab., Department of Information 
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Engineering, Università degli Stud di Firenze [5-8]. 
Newborn infant cry recordings, that may last even 
several minutes, are made up by a number of “cry 
units” (CUs), commonly of different length and 
separated by “silence” frames. A CU is defined here as 
a high-energy frame lasting >260ms. The purpose is to 
automatically perform the classification of the cry 
melody of each CU detected within a recording. 
Detection of CUs is performed using a robust 
Voiced/Unvoiced (V/UV) detection procedure with 
variable energy thresholds that avoids incorrect 
splitting of a single event into several intervals [8,9]. 

BioVoice performs the estimation of several 
acoustic parameters that gained great scientific interest 
in the last years, including the fundamental frequency 
f0 and the first three resonance frequencies of the vocal 
tract, along with their std. To successfully assess the 
CU melodic shape, the first step is the accurate 
removal of the f0 outliers, that are irregularly 
distributed within the CU and that could distort the 
shape identification. This is performed through several 
steps each one based on specific conditions. 
Afterwards, BioVoice allows the classification among 
5 basic melodic shapes: Plateau (P), Rising (R), Falling 
(F), Symmetric (S) and Complex (C). To perform the 
classification each CU is subdivided into 12 equally 
spaced time segments each one described by its f0 
mean value plus the first f0 value (13 Perc).  To find 
the best number of segments, the same procedure is 
applied with 20 equally spaced points plus the first f0 
value (21 Perc).  

First, the method was tested on synthetic signals. 
To this aim a new synthesizer was developed made up 
of a pulse train generator and a vocal tract filter. To get 
variable frequency control vectors capable of 
synthesizing the 5 basic melody shapes, a spline 
interpolation was implemented with a time varying 
f0[n]. Settings allowed obtaining melodic shapes close 
to newborn cry, within the range 400 Hz - 650 Hz, and 
f0 mean between 500 Hz and 550 Hz. To test the 
proposed method synthetic white noise of increasing 
amplitude (0%, 1%, 5% and 10% of the signal 
maximum amplitude) was added to the synthesized 
signals [10]. 

The automated classification has then been applied 
to cry recordings coming from at term healthy 
newborns. Recordings were performed with a Shure 
SM58 microphone and a Tascam US144MK2 sound 
card. The microphone was kept at fixed distance (15 
cm) from the newborn’s mouth and cry signals were
recorded at the awakening of the baby before feeding,
thus they were supposed to be feeding cries. Results
have been compared to the perceptual analysis
(considered as the gold standard) performed by trained
raters. A melodic shape was classified as belonging to
one of the five categories (P, F, R, S and C) if at least

two out of the three raters agreed with the same shape. 
If the three raters disagreed, the CU was defined as 
“borderline” and temporarily eliminated. 

Once the method was validated, it was applied to 
cry episodes recorded from both preterm and at term 
newborns in Liege, Belgium (Neonatal Intensive Care 
Unit, CHR Liege) and Firenze, Italy (Neonatal 
Intensive Care Unit, Meyer Children Hospital and 
Neonatal Unit, Azienda Sanitaria Ospedale San 
Giovanni di Dio) at term-equivalent age. Percentage of 
the different melodic shapes and several acoustic 
parameters such as mean duration of CUs, mean 
fundamental frequency f0 and standard deviation were 
calculated by automated analysis using BioVoice. 
Perceptual analysis was performed by trained raters. 
Results were compared between Belgian and Italian 
newborns as well as between at term and preterm 
babies among the entire and local populations. 
Statistical analysis was performed using a t-test and 
statistical significance was considered for p-value 
<0.05.  

Finally, a classification technique based on the 10-
fold cross-validation method was applied to the set of 
estimated melodic shapes in order to obtain the 
automated classification of a cry episode as belonging 
to term vs preterm infant [11].   

III. RESULTS

A. Synthetic data
Both 13 and 21 Perc were tested. For all the

synthetic melodic shapes and all the levels of added 
noise the fitting procedure gave the best results with 
the 4th order polynomial for which the R-square 
parameter R2 (ranging between 0 and 1 where 1 is the 
best fitting): 

tot
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SS

=R �12 (1) 

was found as: R2 # 0.993 for 13 Perc and R2 # 0.995 
for 21 Perc.  Both perceptual and automated melodic 
classifications were successful at 100%:  all melody 
shapes were correctly classified [10, 11]. 

B. Real data
CUs from 6 healthy at term newborns (3 male and

3 female) were recorded in the maternity unit in CHR 
Liège (Belgium). Each cry episode lasts 1-2 minutes 
and consists of several CUs. A total of 466 CUs was 
collected. 48 CUs were excluded because of the 
absence of consensus between the three raters. 
Moreover, other 116 CUs were not perceptually 
recognized by any rater as belonging to one of the five 
basic shape considered here and were also excluded 
from analysis.  
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Considering all the 5 shapes, the automated analysis 
with 21 percentiles matched the perceptual one in 
89.5% of cases while only in 80.3% with 13 
percentiles. Excluding the C shape, the match increases 
to 96.7% with 21 percentiles and to 89.3% with 13 
percentiles. Therefore, the best number of Perc proved 
to be equal to 21. We point out that these results 
concern the case of full agreement among the three 
raters. Table I summarizes the results. 

TABLE I – Automated vs perceptual classification of 
the melodic shapes. Results for the full agreement 
among the three raters are presented. Best result: 
96.7% match with 21 Perc and the 4 basic shapes P, R, 
F and S (C excluded). 

3/3 raters P, F, R, S, C P, R, F, S 

Automated – 13 Perc 80.3% 89.3% 

Automated – 21 Perc 89.5% 96.7% 

C. Newborn cry melody in term and preterm newborn
A larger data set was analyzed consisting of a total

of 9 preterm infants (21 cry episodes and 382 CUs) and 
24 term infants (41 cry episodes and 2532 CUs) 
delivered from Belgian mothers in the maternity and 
neonatal intensive care units at CHR Liege. Moreover, 
9 preterm infants (24 cry episodes and 1787 CUs) and 
25 term infants (70 cry episodes and 5187 CUs) 
delivered from Italian mothers were recorded in the 
neonatal intensive care unit at Meyer Children Hospital 
and San Giovanni di Dio Hospital, Firenze, 
respectively. Melody of each CU was then classified as 
belonging to one of the five main categories (P, F, R, S 
and C) or to additional categories (LU – Low Up, UL – 
Up Low, FS – Frequency step, D – Double, U – 
Unstructured, NC – Not a cry or O – Other) using both 
automated and perceptual analysis. Details about 
shapes can be found in [10, 11]. 

Matching between automated and perceptual 
analysis was 58%, 65%, 59% and 61% for Belgian 
preterm, at term, Italian preterm and at term newborns 
respectively, which was lower than the results obtained 
in our preliminary study, even when limited to the five 
main basic shapes. This was mainly due to the low 
level of experience of the operator(s) that however 
increased during the testing phase: a deeper training 
brought to a better matching rate. Moreover, 
percentage of occurrence of each of these five 
categories was not statistically different between 
groups regarding to the method of analysis we used.    

The mean value of f0 was not statistically different 
between term and preterm infant in Belgium (P =0.22), 
Italy (P =0.30), or from both countries (P =0.45). Mean 
CU duration was significantly shorter for term 

newborns than for preterm infants (2,57s vs 5,04s 
respectively, p<0.05).  We did not find any significant 
differences between groups regarding to the percentage 
of each of the five main categories considering both 
automated and perceptual analysis: Belgian vs Italian 
preterm infants (Pauto=0.25; Pperc=0.40) or term 
infants (Pauto=0.11; Pperc=0.50), term vs preterm 
infant in Belgium (Pauto=0.28; Pperc=0.46) and Italy 
(Pauto=0.44; Pperc=0.23), term vs preterm infants 
from both countries (Pauto=0.45; Pperc=0.24) or 
Belgian vs Italian newborns (Pauto=0.10; Pperc=0.45). 
However, preterm newborns seemed to have a trend in 
favour of more C and NC shapes as compared to term 
infants who more frequently present the P pattern, 
while other categories show similar frequencies in each 
population. Table II summarizes these results. 

TABLE II – Percentage of C, NC and P shapes in 
Belgian, Italian and overall at term and preterm 
newborns. 

Shape Population Preterm Term 

Complex 

Liege 32.5% 23.7% 

Firenze 29.8% 25.4% 

Total 33% 24.9% 

Not a cry 

Liege 7.9% 6.5% 

Firenze 9% 4.6% 

Total 8.8% 5.3% 

Plateau 

Liege 11.3% 28.7% 

Firenze 17.8% 28.3% 

Total 16.6% 28.4% 

Finally, results obtained with automated 
classification of cry episodes using the 10-folds cross-
validation method were encouraging. The method, 
applied to the whole set of melodic shapes, was able to 
discriminate between preterm or at term infants with an 
accuracy ranging from 74.47 to 85.48%. (Table III). 

Table III – Accuracy of the automated classification to 
discriminate between at term and preterm newborns  

PRETERM vs AT 

TERM 
Correct Not correct 

Liege 85,48% 14.52% 

Firenze 74,47% 25.53% 

Liege + Firenze 80.77% 19.23% 
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IV. DISCUSSION

This work presents a methodological approach to 
the classification of the newborn cry melody whose 
features are considered clinically relevant for the 
assessment of the neurological status of the newborn at 
birth. The method has the advantage of being totally 
contactless and thus applicable also to very delicate 
subjects such as newborn babies are. The required 
equipment is low cost and easy to use and therefore 
easily implementable in any paediatric clinic both 
public and private. 

Results obtained with the BioVoice software for the 
automated classification of newborn cry compared to 
the perceptual analysis are encouraging. We assumed 
as gold standard the blinded perceptual (visual) 
analysis made by a panel of trained raters. The 
automated analysis with 21 percentiles better matched 
the perceptual one than the automated analysis with 13 
percentiles. However, imperfect matching still remains, 
especially if more than the five basic categories of 
melodic shapes are considered. We point out that the 
inter-observer reliability was not perfect in our study, 
maybe due to different levels of experience between 
raters. For a more reliable gold standard reference, 
future developments should consider a larger and more 
experienced group of evaluators. 

 Comparison of the main acoustical characteristics 
and the pattern of melodic shapes between at term and 
preterm newborns did not reach statistical significance, 
except for the mean duration of CU that was found 
shorter in term newborns. However, our study shows 
some trends between at term and preterm babies in the 
percentage of some categories of melodic shapes.  

Finally, the results obtained with the automatic 
classification suggest that some characteristics of the 
newborn cry could be selected to predict the belonging 
to a defined group of patients with an acceptable 
accuracy. Systematic recording of cry from preterm 
newborn at term-equivalent ages is currently under 
progress. This could make it possible to retrospectively 
characterize the acoustical parameters and melodic 
patterns of infants with typical development compared 
to infants with abnormal neurological development 
such as cerebral palsy, cognitive or speech delay in 
order to develop a predictive model based on the most 
relevant features. 

V. CONCLUSION

This methodological work is a first step towards the 
establishment of procedures for the analysis of infant 
cry. The overall matching percentage between 
automated and perceptual analysis was found around 
60%. This was mainly due to the low level of 
experience of the operator(s) that however increased 

during the testing phase: a deeper training brought to a 
better matching rate. 
In future work the automated analysis will be improved 
by a refined control on the f0 shape variations and on 
the estimation of frequencies steps.  
These results could be compared with the patients’ 
follow-up, especially for preterm babies, in order to 
track their development and to study relationships 
between the automated/perceptual results and possible 
diseases in the central nervous system for such delicate 
patients. Therefore, the automated analysis of newborn 
cry melody could become a reliable support to the 
“time-consuming and subjective perceptual analysis 
and, if properly assessed, could even replace it and 
become part of clinical standards in the neonatal 
screening. 
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