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Abstract— Autism spectrum disorders are not diagnosed other populations of infant at risk for neurodevelopraknt
until children reach 3-4 years of age. Early identificatn of  disorders, the combination of neurophysiological and be-
pathologlcal_ subjects is crucial as e_arly_lnterventlons much  havioral measures has allowed to evidence precociously
more effective. The current project is aimed at the evelop-  grynical maturation of some neural circuits assodiatih
ment of a set of methods for improving the chances @larly o\ 4iory processing in infants at risk of later developnienta

diagnosis. In this paper we focus on the design and déwe- . . . ;
ment of the shared acquisition architecture. The requements problems [3]. Early identification of young children with

of a standardized acquisition protocol suggested the detop- ASDS, possibly through a set of behavioral and neusiphy
ment of an integrated acquisition tool using a local stage.  ological indexes, is crucial in light of findings indicating
Each acquisition tool will allow a secure management fub-  that early intervention is much more effective thanrires-
ject data, reducing the risk of mislabeled or lost datdby using  tions starting in later childhood [4].
a guided procedure. A set of synchronization procedureallow This project intends to address this very importastié
a secure data communication with a central database. The by an innovative multidisciplinary approach, involvingtbot
requirements related to data management and privacy h@®  oary neyrobehavioral characterization of murine ASD
been analyzed allowing the definition of the main aces roles 1, ja1s and clinical observation of normal and high risk
to the data repository. . . .
infants during early neonatal period.
Keywords— Autism spectrum disorders, multicentric acquisi- Animal models of ASD can provide translational tools to
tion, data protection. identify neurochemical markers and behavioral pattdrats t
cannot be studied in the human infants since at presgit A
cannot be diagnosed reliably before two years of agen5]
I. INTRODUCTION this regard, mouse models bearing mutations identified
ASD candidate genes and that exhibit a clear auti&gc-li
Autism spectrum disorders (ASDs) are often not diagphenotype would be most promising. Moreover, ethical
nosed until children reach 3-4 years of age. Yet 50% afonsiderations do not allow exposing human infants to sev-
parents of children with ASDs report that they suspected éral blood samples or MRI scanning. A comparative ap-
problem before their child was 1 year of age [1] thusoge  proach like the present one might be successful in linking
precocious diagnosis seems possible. So far, the stuldg of texperimental findings obtained in animals to human infants,
early symptoms of ASDs is mainly based on retrospectivia order to identify as early as possible vulnerablealse
analysis of home videotapes, usually recorded during chileral patterns associated with alteration in setbdbéo-
dren's first birthday party. This method however presen chemical markers.
some limits. First of all, existing data refer to #tesessment  |n parallel with the experimental studies in animals, this
of a restricted number of infants (e.g. 10-12). Seconty,  project attempts to describe, for the first time durihg
presence or absence of autistic symptom behaviors Weigst six months of life, normative ranges for bothtorand
considered. Overall, the method is not standardizealusec acoustic parameters in a population of at least 200 new-
of methodological differences in quality of recording andborn/infants (male and females), which up to now have been
observational setting. Recently, prospective studiesfafi  determined only for older infants. Since the diagnostic
siblings of children with ASDs have been performed, usingvaluation of ASD children is based on the assessment of
the Autism Observation Scale for Infants [2], which measunusual social interaction, imitation, play, insistence on
ures visual attention, response to name, social bapldire  sameness and preference for fixed routines, verbahamd
contact and sensory behaviors. Neither home videgsisal verbal communication [6], it is not surprising thatetiable
nor high risk infants studies, detected consistent alalerm diagnosis is not possible before two years of age.tiier
ties earlier than 1 year of age. It is worth to notiwat in  reason, we will focus our clinical analysis on age-djeci
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motor and vocal repertoires, which are known to berlat eral movement patterns assumes the video recording
impaired in children with ASD and that have been found lasts a few minutes (usually 3-5).
altered in other different infant disorders. In fdlot general
movements’ analysis in infancy revealed disturbanbes t
could be detected clearly at age of 4-6 months of age [7]
whereas abnormal cry features occur in several neisal
orders [8]. However, while the assessment of movement :
patterns, which are the infant’s “first language”, have al- crying.
ready been performed in ASD children by home-videos, Behavioural analysis, performed using a set of ques-
very few studies have investigated the specifiafy tionnaires (ltalian Questionnaire of Temperament;
cry in infants with ASDs [9,10]. and correlationvbeén Bayley Scales of Infant Development; the first child
these two responses have never been reported befaie. An yocabulary, MacArthur - Bates Communicative Devel-
this is very peculiar considering the connection between opment Inventory and the Modified Checklist for Au-
crying and the functioning of the brainstem and limtys- tism in ToddlersI-CHAT))
tem, both areas compromised in children with ASD [11,12] _ )

In conclusion, the association of general movements and Informed consent will be obtained from all parerfise
cry analysis is desirable and of great relevance, sime Study protocol has been approved by the local ethical com-
both reflect the development and the integrity of theraen Mittée (Istituto Superiore di Sanita, Stella Maris, Baro
nervous system and they can be exploited for early alinic G€SY)-
diagnosis of several pathologies since they are teapgr-
form, cheap and completely non-invasive. B. Study population

Cry analysis, from an audio track. The analysis is per-
formed on spontaneous cry episodes (excluding there-
fore pain-related stimulation). The acquisition proce-

dure includes the recording of at least ten minutes of

The project involves recruiting a set of normal sulsjéo
II. METHODS be used as controls and a set of high risk subjects to be
followed prospectively. By allowing accurate and dethile
assessments of behavioral measures at fixed time points
prospective studies offer theoretical advantages to detect

Each subject will be involved in a set of measuresg@rly modifications of ASD, while avoiding biases.
scheduled every six weeks, starting a few days afterigirth ~ Presently, no diagnostic tool is capable to give aly ea
to the 24 week of life (hence, each one will undergo five@Ssessment of autistic patients. Recent advancesriin ea
sessions). Each session will involve the followingeass: detection research have resulted from prospective studies
carried out on populations at increased risk for ASD. We
+ General movement analysis, performed using videplanned to recruit later-born infant siblings of cheldrdi-
recording of spontaneous movements of the subjecignosed with autism. These infant siblings are thereselt
The video recording is performed while the subject isspecially high risk for an autism or ASD diagnosis [13]
awake and not crying. The manual assessment of gesind this population is arguably the most clearly defined

A. Acquisition protocoal

TASCAM.US134.MKZ high risk group available [14,15]
BhureiSMES The planned acquisition procedure is totally not invasive
* s minimizing the ethical issues involved in the recruitmant
& Pro webeam C10 control subjects and high risk infants.
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Fig. 1 Acquisition system Fig. 2 Sample acquisition window
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with manual annotation of the state of the patient sapa-
synchronization rate device, and with a manual estimate of crying atm c
periods, to ensure an adequate duration of the recording.

For these reasons, we designed and developed custom

synchronization secure tunnel

@ Internet G acquisition software, written in C++ language using the
MFC architecture for the user interface, and the @pen
8 [16] image processing library for video acquisition and

recording. The user interface includes a main window for
selecting the patient from the database, a dialog wirfdow
the editing of textual data, and an acquisition window.

Central repository Local storage

> order to ensure correctness of the acquisitionssdtalows

onee Ao _ The acquisition window (fig. 2) allows previewing of the
c i| video and audio quality before starting the recording, in

marking the time frames corresponding to the different
behavioural states of the newborn, showing separate run
ning times for the crying state, to assess the durati the
C. Acquisition system audio signal available for the crying analysis, and #iec
awake state, for the general movement analysis.
The acquisition system needs to be used in the patient The markers will be stored together with the multimedia

home, to minimize the discomfort for the involved safje tracks, and are used to automatically extract the sigols
and to minimize the impact of the external environneent  the following steps.

children habits. Hence, the basic requirement ig#tsiness

for transporting the system and to assemble it withloert

need of a technician, allowing it to be used by the mbdicaE' Data management
doctor. Accordingly to this requirement, the proposed sys- The study involves a multicentric acquisition which
tem, shown in Fig. 1, includes a laptop which is conmkcteposes several issues concerning data management and shar-
to an high speed USB video camera (Logitech HD pro weling. The data management architecture has been designed to
cam C910), able to provide a 1280x1024 pixel video streagise a set of private databases, one in each acquigdiion

and an external audio acquisition device (Tascam US-144ice, which are periodically synchronized with a cdntra
MK2, as the quality of the embedded audio card is not adeepository by automated procedures.

quate to the planned specifications) and a professionral m The acquisition procedure, indeed, will be performed at

Fig. 3 Data management architecture

crophone (Shure SM58). patient home, where it can not be assumed the aviitabil
of a high speed internet connection. The Newborn recorder
D. Newborn recorder uses, therefore, a local database for storing therapiaig

and anamnestic data. Efficiency issues suggested avoiding
The proposed definition of a standardized acquisitioRtoring audio and video data directly in the databasg, an
protocol suggested the use of a custom recording procedufgultimedia files have been stored in a dedicated folder,
The protocol, indeed, requires the recording of afsaha-  while the database contains only a reference téiléhe
graphic and anamnestic data, together with the acquisition The constraints related to data security and privaey re
of a video signal and an audio track. Moreover, asrakve quired using an encrypted file system for storing alkisen
recording sessions are planned for each subject, the safve data. Access to all data is granted only afteuctess-
ware allows the generation of a database aimed to §implify| |ogin to the encryption system. This approach avtigs
the recording procedure avoiding data loss or mislabellingmplementation of a login procedure in the Newborn re-
The most critical issue which has been foreseenémath  corder, which would not, however, protect again direct
quisition of the database concerns the different reauginés  gccess to the multimedia files.
on the subject state posed by general move ment analysisThe central database is located on a shared serveh whi
and cry analysis. The lack of collaboration of newkswh-  can be accessed through internet connection (see fig. 3). The
jects required the availability of an acquisition systemyatabase acts as a backup repository to avoid any data los
which allows easy management of the possible transitionn case of a fault in one of the acquisition systenns] a
of the subject from calm state to crying state acd versa. allows selective access to data for the analysisa Daide
Standard recording software would require to record, ahe central database will be anonymized, and onlylenti-
the same time, audio and video signals with high qualityfier will be used to address subjects. We designed three
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principal roles with specific access needs: the fiokt is
the video processing, the second one is the audio analys
and the third one is relates to statistical analybibe data.
The first two roles are very similar each other, afmrthe
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set of data they need to access: these two roles rempiire tection of Autism Spectrum Disorders”.

cessing the raw multimedia files (video and audio, respec
tively), and store the result of the elaboration athefile.
No access to patient data is required, apart for thefape
subject when the file has been acquired. The third rol
needs to access the complete data set, excluding mukimedi
files, but including elaboration results. However, datasdoe
need to include any identification data. 2.
Minor roles are required for implementing synchroniza-
tion procedures and for performing administrative tasks. 3
Synchronization procedures have been designed to trans-
fer a copy of all freshly recorded data from the asitjon
system to the central database as soon as an intenmeic-
tion can be established with the central server. grioee-
dure involves the usage of a secure encrypted channel for
transferring all data, as to guarantee privacy. As aiteh
treats a separate patient group, there is ho need, fimahor
operation, to transfer updated data from the centraésén
each acquisition system, so we perform a one-way data
transfer. A manual procedure has been designed allowirfg
for data recovery in case of a crash of the databasee of
the acquisition systems. 8.

[I. RESULTS AND CONCLUSIONS

The proposed architecture has been tested in a Iimitelg'
number of acquisitions in a controlled environment. Ate
present, we verified the reliability of the acquisitioofts  11.
ware, and the amount of required resources.

As concerns the amount of resources, we benchmarkeé
the encryption speed of the system, obtaining a maximuns.
encryption seed, using the AES algorithm, of about
120MBY/s, which is largely sufficient for the amount ofalat
to be recorded. On the overall, the system is alblecard a
640x480 video stream at a rate up to 15 frame/s, where the
main limiting factor is the exposure time of the webcam

The system has also proved to be very user friendly and
non-technical operators manage to get full management ¢f
the system with about half an hour of training.

The major issue faced in the definition of the dateecell
tion and management strategy relates to the easinese of
of the system, combining the data protection requirements
with the availability of a portable system which canused
in the subject home, without the need of technical support
from specialized technical personnel.

The proposed approach solved the identified require-
ments by combining several independent modules.

14.

16.

MSautismo.doc

REeFereNCES

Werner E, Dawson G, Osterling J, Dinno N (2000) d¢mition of
autism spectrum disorder before one year of agetraspective study
based on home videotapes. J Autism Dev Disord 30:6P.

Bryson SE, Zwaigenbaum L, McDermott C et al. (2008¢ Autism
Observation Scale for Infants: scale developmedtrafiability data.
J Autism Dev Disord 38:731-738.

Black LS, deRegnier RA, Long J et al. (2004) Elegtaphic imaging
of recognition memory in 34-38 week gestation inteaine growth
restricted newborns. Experimental Neurology 19®-S83.

Howard JS, Sparkman CR, Cohen HG et al. (2005) ipewison of
intensive behavior analytic and eclectic treatmémtsoung children
with autism. Res Dev Disabil, 26: 359-383.

Scattoni ML, Gandhy SU, Ricceri L, Crawley JN. Unakrepertoire
of vocalizations in the BTBR T+tf/J mouse modelanftism. PLoS
One. 2008 Aug 27;3(8):e3067.

American Psychiatric Association. Diagnostic andtiStical Manual
of Mental Disorders (DSM-IV). 4th ed. WashingtonGpP APA
(1994).

Teitelbaum R, Glatman-Freedman A, Chen B et al9g§) Movement
analysis in infancy may be useful for early diagsosf autism.
PNAS, 95: 13982-13987.

Michelsson K, Michelsson O. Phonation in the newbanfant cry.
Int J Pediatr Otorhinolaryngol. 1999 Oct 5;49 Supj3297-301.
Bieberich, A., & Morgan, S.B. (1998). Brief repoAffective expres-
sion in children with autism or Down’s syndromeudwl of Autism
and Developmental Disorders, 28, 333—-338.

Esposito, G., & Venuti, P. (2008). How is cryingrgaved in chil-
dren with Autistic Spectrum Disorder? Research utigim Spectrum
Disorders, 2, 371-384.

Amaral, D., Schumann, C., & Nordahl, C. (8p(Neuroanatomy
of autism. Trends in Neurosciences, 31, 137-145.

Schulkin, J. (2008). Autism and the amygdala: ekudocrine hy-
pothesis. Brain and Cognition, 65, 87-99.

Zwaigenbaum L, Bryson S, Rogers T, Roberts W, BdaSzatmari
P. Behavioral manifestations of autism in the fieir of life. Int J
Dev Neurosci. 2005 Apr-May;23(2-3):143-52.

Zwaigenbaum L, Bryson S, Lord C, Rogers S, CarteiCArver L,
Chawarska K, Constantino J, Dawson G, Dobkins Kn Ee Iverson
J, Klin A, Landa R, Messinger D, Ozonoff S, Sigmdn Stone W,
Tager-Flusberg H, Yirmiya N. Clinical assessmerd amnagement
of toddlers with suspected autism spectrum disoraesights from
studies of high-risk infants. Pediatrics. 2009 M&3(5):1383-91.
Zwaigenbaum L. Advances in the early detection watisan. Curr
Opin Neurol. 2010 Apr;23(2):97-102. Review
Bradski, G. (2000) The OpenCV Library. Dr.
Software Tools at http://drdobbs.com/

Dobbturhal of

Author: Leonardo Bocchi

Institute: Dept. Electronics and Telecommunication
Street:  Via S. Marta, 3

City: Firenze

Country: ltaly

Email: leonardo.bocchi@unifi.it



