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Abstract: Autism Spectrum Disorders (ASDs) have an
estimated prevalence rate of 1/88 suggesting that ASD
represents a significant public health problem.
Although causes of ASD are still unknown, the
strongest evidence appears to be genetic. In this
regard, studies on mouse models bearing mutations
identified in ASD candidate genes could be extremely
helpful to identify early behavioral traits that cannot
be studied in human infants since at present ASD
cannot be diagnosed reliably before two years of age.
Our team recently characterized early phases of
neurobehavioral development in several animal
models of autism detecting quantitative and
qualitative abnormalities in their vocal and motor
repertoires. These results suggested us to assess early
vocal and motor repertoires in high-risk infants
(siblings of ASD children) and in control infants. An
approach linking experimental findings obtained in
animals to human infants might be successful in order
to identify early markers of ASD. Aim of our project
is to develop an automatic system to record newborn
cry and movements during the first six months of life
with a specific protocol. Our acoustic analysis is
focused on fundamental frequency (F0), number of
cry-episodes and FO shapes. Preliminary results
showed some differences concerning fundamental
frequency between normal and high-risk cases.
Moreover high-risk subjects emitted a lower number
of cry-episodes than control subjects. Following the
mouse methodological approach; we are also
investigating melody in high risk infants searching for
early indicators of ASD.
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I. INTRODUCTION

Autism Spectrum Disorders (ASDs) are a group of
complex disorders of brain development-characterized at
different levels. by difficulties in social interaction, verbal
and nonverbal communication and repetitive behaviors.
They include autistic disorder, childhood disintegrative
disorder, pervasive developmental disorders not
otherwise specified and Asperger syndrome [1].

In most cases, ASDs signs appear in the first year of
life, when it is not yet possible to carry out a reliable
diagnosis. This is because the diagnostic tests currently
used and considered gold-standard for ASD are based on
the identification of behavioral symptoms which are more
evident after the 24™ month of life. Etiology of ASDs is
still unknown, although several studies identified genes
mutations, copy number variants and abnormal neuro-
transmission in specific brain areas such as limbic
system, amygdala, cerebellum and sub cortical areas that
mediate motor control [2].

Preclinical research on ASD currently represents an
emerging field in translational neuroscience. In fact,
animal models of ASD can provide translational tools to
identify neurochemical markers and behavioral patterns
that cannot be studied in human infants since at present
ASD cannot be diagnosed reliably before two years of
age. In this regard, mouse models bearing mutations
identified in ASD candidate genes and that exhibit a clear
autistic-like phenotype would be most promising. An
approach linking experimental findings obtained in
animals to human infants might be successful in order to
identify as early as possible vulnerable behavioral
patterns associated with alteration in selected genetic and
biochemical markers.

Our team recently characterized early phases of
neurobehavioral development in several animal models of
autism [3-5]. In particular, to address communication
deficits, we investigated ultrasonic vocalizations
detecting qualitative abnormalities in their vocal
repertoire that may resemble the atypical vocalizations
and the monotonic tone found in some autistic infants
[6,7]. These data collected on animal models suggested
us to assess early vocal and motor repertoire in infants
siblings of ASD children and in a population of about 200
healthy infants. Previous studies showed that some age-
specific motor and vocal traits are altered in ASD
children [8-10]. In most of these studies general
movements (GMs) and infant crying analyses were
assessed by home-videos of children's first birthday party,
but this method presents some limits. First of all, existing
data refer to the assessment of a restricted number of
infants (e.g. 10-12) [10]. Moreover, the method may be
not reliably standardized because of methodological
differences in the quality of recordings and in the setup of
the observations.
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Finding links between GMs and cry analysis is
desirable and of great relevance since they both reflect
the development and the integrity of the central nervous
system and can be exploited for early clinical diagnosis
enabling a more effective intervention of several
pathologies since they are easy to perform, cheap and
marker-less. Although perceptual analysis of movements
and crying is carried out in specialized clinics, the lack of
automatic tools requires to clinicians a great deal of time
with a large margin of error. It is therefore important to
develop semi-automatic qualitative methods to support
the clinical diagnosis allowing for feature extraction and
perceptual analysis with marker-less techniques.

This paper presents a new tool for the management of
patient data, tests and reports, acquisition of audio and
video data, their editing and analysis to support clinicians
with perceptual diagnosis.

II. METHODS

This work is linked to the Italian grant project “Young
Researcher 2008: Non-invasive tools for early detection
of autism spectrum disorders”, aiming to detect early
markers of Autism Spectrum Disorders (ASDs) through
the study of infant crying and GMs during the first six
months of infant’s life. This project aims to identify
normative ranges for acoustical and motor parameters in
a population of about 200 healthy newborn/infants, both
male and female (control group). The control group will
be compared with 15-20 “high-risk” newborn/infants, i.e
siblings of children already diagnosed with ASD [11, 12].

Infants were audio and video recorded at home five
times during the first six months of life according to a
specific protocol [12]: at 10 days, 6, 12, 18 and 24 weeks
of life. The protocol also includes clinical assessment
performed using a set of questionnaires (Italian
Questionnaire of Temperament; Bayley Scales of Infant
Development; the first child vocabulary, MacArthur -
Bates Communicative Development Inventory and the
Modified Checklist for Autism in Toddlers (M-CHAT)).
Informed consent was obtained from parents. The
protocol was approved by the local ethical committee
(Istituto Superiore di Sanita, Roma, Stella Maris Hospital,
Pisa and Bambin Gesu Hospital, Roma, Italy).

Cry analysis was carried out by the estimation of
acoustic parameters such as fundamental frequency (FO0),
intensity, resonance frequencies of the vocal tract and
length of each cry episode [13].

GMs analysis was performed with a perceptual
technique that is often used by clinicians to diagnose
motors problems associated with impairment of the
central nervous system such as the early diagnosis of
cerebral palsy [14].

A. ARAD System

According to the project [11, 12] and in co-operation
with ISER tech srl (Prato, Italy), we developed a new tool
for audio/video acquisition and analysis for contact-less
diagnosis, in particular in neonatology area, named
ARAD (Acquisition, Reporting and Analysis for
Diagnosis), shown in Fig. 1. ARAD is designed for home
use to minimize the discomfort for the involved subjects
and the impact of the external environment on children
habits. Hence, the basic requirement is the ease of
transport and assembly of the system. It includes a laptop
connected to a high-speed USB webcam (Logitech HD
pro webcam C910) able to provide a 1280x1024 pixel
video stream, a sound board (Tascam US-144-MK2) and
a professional microphone (Shure SM58).

ARAD allows the management of personal data and
medical history of the patient, data acquisition,
personalized test editing, audio/video editing and
reporting in a single software tool. The storage of data
patient is managed through a centralized database
structured to guarantee privacy and personal data
protection. Personal data management is integrated with
the centralized database that allows the user viewing
reports of patients.
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The system consists of four parts:

a) Personal Data Management System

an integrated management system to share data and
medical history with dedicated interface and for patient's
clinical storyboard. It allows importing and exporting
signals, images and tests from external sources.

b) Test maker

an interactive environment for the creation and run of
specific clinical tests with modular customizable
structure. It is possible to insert multimedia contents,
images, audio / video screenshots and monitor the results.

¢) Recorder

an integrated environment for capturing multichannel
audio/video with the possibility to enter notes and
contextualized information through the wizard and
flexible setup of the system.



d) Analyzer

tool devoted to the perceptual analysis and audio/video
editing. Provides the ability to easily cut /copy/evaluate
sequences of interest and enter clinical assessments
without the need to resort to the use of other software.

B. Analysis tool

ARAD is equipped with a devoted tool for the analysis
of audio and video recordings. It provides objective cry
parameters and simplifies GMs perceptual analysis.
Specifically:

a) Cry analysis

On the selected crying frames time-frequency analysis
is carried out according to the methods used in [11, 13,
15]. Extracted parameters are: fundamental frequency of
cry excerpts (F0), vocal tract resonance frequencies,
number of cry-episodes, vocal percentage, number and
length of voice breaks.The recorded sound is band-pass
filtered by a Butterworth filter of order 5 and a cut-off
frequency of 50-1000 Hz.

Fig. 2-An example of V/UV detection

Detection of crying episodes (voiced frames lasting at
least 150ms) is performed using a robust newly
developed Voiced/Unvoiced (V/UV) detection procedure
[15]. An accurate detection of starting and ending points
of the events allows avoiding incorrect splitting of a
single event into several intervals that may occur in the
case of irregular and quasi-stationary signals as newborn
infant cries are, disregarding noise and silence while
retaining those irregularities that may be a diagnostic
index of possible pathologies or malfunctioning. An
example of V/UV selection is shown in Fig. 2. On
selected voiced frames FO is estimated with a two-step
procedure already found successful when analyzing
newborn cries [14].

In each cry episode, the fundamental frequency
presents a well-defined trend (melody). Based on mouse
data [3, 6]) and previous human studies [16], four typical
patterns are detectable in the infant crying: symmetrical
(frequency rising and falling around a central peak),
rising (frequency peak appears near the end of the
episode), falling (frequency peak appears at the
beginning), and plateau (with an almost constant
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frequency). The automatic extraction of these patterns is
under study.

b) General movements analysis

On selected video frames that contains the GMs the
clinician can built, compile and export specific tests. It is
also possible to enter number of motion sequences and of
abnormal movements, as well as the duration and the
time instant at which they occurred.

. III. RESULTS

At present we have collected data from 75 children,
namely 66 control (CC) and 9 high-risk cases (HRC).
Acoustic analysis was performed only on 3 high-risk
cases that were found positive to the GMs analysis
qualitatively carried out by clinicians. We analyzed 30
seconds of cry for each infant at 10 days, 6, 12, 18and 24
weeks of life (10000 CC and 474 HRC hunger cry-
episodes). Preliminary results show that, in high-risk
subjects:

1. the number of cry-episodes is 37% lower than in
control subjects;

2. the number of vocalic zones is 20% lower than in
control subjects;

3. FO is about 50 Hz lower than in control subjects and
shows less variability.

The ontogenetic profile of FO in the first 6 months of life
is shown in fig. 3.
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Fig. 3-FO0 in first 6 months of infants’life

IV. DISCUSSION

Mice and humans both vocalize through the vocal folds
and the ultrasounds and crying emitted by their
pups/infants are structurally similar and have the same
communication value. Thus future studies will be devoted
to correlate infant crying of high-risk infants with the
ultrasonic vocalizations emitted by animal models of
ASD in terms of sound patterns. Our studies on animal
models of ASD revealed that pups have a restricted vocal
repertoire when tested at postnatal day 8 (10 waveform
patterns and an example of typical newborn cry are
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illustrated in Fig. 4). We are also investigating melody in
high risk infants searching for early indicators of ASD.
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Fig. 4, (a) typical sonograms of ultrasonic vocalizations
[6] and (b) an example of baby’s cry melody at 10 days
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