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Abstract. In this work a first attempt to undertake the difficult chal-
lenge of embedding a technological level into a standardized proto-
col for Autism spectrum disorders (ASD) diagnose and assessment is
introduced. In particular the Autism Diagnostic Observation Schedule
(ADOS-2) is taken under consideration and a technological framework
is introduced to compute, in an objective and automatic way, the evalu-
ation scores for some of the involved tasks. The proposed technological
framework makes use of a hidden RGB-D device for scene acquisition.
Acquired data then feed a cascade of algorithmic steps by which peo-
ple and objects are detected and temporally tracked and then extracted
information is exploited by fitting a spatial and temporal model described
by means of an ontology-based approach. The ontology metadata are
finally processed to find a mapping between them and the behavioral
tasks described in the protocol.

Keywords: Autism spectrum disorders · ADOS · RGB-D device ·
People and object tracking · Ontology

1 Introduction

Autism spectrum disorders affect three different areas of a child’s life: Social
interaction, Communication (both verbal and nonverbal) and Behaviors and
interests. Diagnosis and assessment of ASD can be difficult since children with
ASD vary considerably in their individual strengths and difficulties. Detailed
assessment of communication, neuropsychological functioning, motor and sen-
sory skills, and adaptive functioning has to be carried out and to do that differ-
ent scheduled methods have been introduced. These methods provide standard
contexts to elicit relevant social and communicative behaviours. Healthcare pro-
fessionals should directly observe and assess the child or young persons social
and communication skills and behaviour. ICT applications, already in use to
deliver educational and behavioral services to individuals with ASD [1], have
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been recently also exploited to develop advanced tools that allow an early iden-
tification and assessment of the disorder during its evolution. In particular tech-
nologies have enabled the introduction of interactive and virtual environments
[2,3], serious games [4] and telerehabilitation [5]. The crucial point is that the
technological trend in place requires the abandonment of standardized tradi-
tional protocols to allow the introduction of new ones built around the available
technologies. However, many improvements are still needed to attain significant
success in treating individuals with autism using ICT: in particular practical
and clinical issues have yet to be addressed [6]. From the practical perspective,
the adoption of ICT based protocols requires the medical staff training (which
in turn can be successful only if there is a caregivers’ strong willingness and con-
viction), acceptance by parents and an evaluation phase on the individual child
to check his inclination towards new diagnostic methods and therapies that use
technologies. Besides, many of the existing technologies have limited capabilities
in their performance and this limit the success in the therapeutic approach of
children with ASD. Clinically, most of the ICT proposals have not been vali-
dated outside the context of proof of concept studies [7]. As a consequence more
studies should be performed to assess whether ICT architectures and devices are
clinically relevant. It’s clear that the development of ICT based protocols have to
be more and more investigated and this process it is not straightforward since it
necessitates a multidisciplinary collaborative effort between engineers, psychol-
ogists, neuropsychiatrics and cognitive scientists. A different way to exploit the
proliferation of inexpensive technology also for diagnose and assessment of ASD,
could be to hold standardized protocols and to embed in them a technological
level (that the subject under evaluation does not perceive) which support the
care-givers by the mining of objective evaluation scores from the observation of
the subject during scheduled sessions. The main advantage of this approach is
its peculiarity to work without any intervention in the standardized assessment
protocols and in the environment (preserving ecological validity). This makes
it very attracting for caregivers but, unfortunately, it requires additional efforts
from the technological side since involved algorithms have to deal with uncon-
strained environments and non-collaborative subjects. Most likely, these are the
reasons why there are no work in the literature for this applicative context.
To partially fill this gap, in this work a first attempt to undertake this diffi-
cult challenge is introduced: in particular the standardized Autism Diagnostic
Observation Schedule (ADOS-2) is taken under consideration and a technolog-
ical framework is introduced to compute, in an objective and automatic way,
numerical information that can be used by the therapist in order to assign the
scores for some of the involved tasks. In particular the module 1 of the proto-
col (see Sect. 2 for details) has been explored and the 4 tasks involved in the
phase 1 (free play) have been analyzed by the proposed technological framework
that makes use of an RGB-D device for scene acquisition. Acquired data then
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feed a cascade of algorithmic steps by which people and objects are detected
and temporally tracked and then extracted information is exploited by fitting a
spatial and temporal model described by means of an ontology approach. The
ontology metadata are finally processed to find a mapping between them and
the behavioral tasks described in the protocol. The validity of the proposed app-
roach was proved during preliminary experiments carried out in the lab and by
the exploitation of the framework during two actual ASD assessment sessions.
In the rest of the paper Sect. 2 gives a short overview of the ADOS-2 protocol,
Sect. 3 describes the technological component of the proposed framework and,
finally, Sect. 4 reports experimental outcomes. Section 5 will conclude the paper.

2 Autism Diagnostic Observation Schedule (ADOS-2)

The Autism Diagnostic Observation Schedule (ADOS-2) [8] is one of the few
standardized diagnostic and assessment measures that involves scoring direct
observations of the childs communication, social interaction, play, and restricted
and repetitive behaviours. The ADOS-2 includes five modules, each requiring
just 40 to 60 min to administer. The individual being evaluated is given only
one module, selected on the basis of his or her expressive language level and
chronological age:

1. Toddler Module: For children between 12 and 30 months of age who do not
consistently use phrase speech

2. Module 1: For children 31 months and older who do not consistently use
phrase speech

3. Module 2: For children of any age who use phrase speech but are not verbally
fluent

4. Module 3: For verbally fluent children and young adolescents
5. Module 4: For verbally fluent older adolescents and adults

Each module engages the individual in a series of activities involving interactive
stimulus materials. In particular Module 1 (on which this paper focuses) includes
ten activities (Free Play, Response to Name, Response to Joint Attention, Bubble
Play, Anticipation of a Routine With Objects, Responsive Social Smile, Antic-
ipation of Social Routine, Functional and Symbolic Imitation, Birthday Party,
Snack) that are appropriate for children who have an expressive language level
of less than three years of age. Activities within this module focus on a childs
ability to interact playfully with toys and other items appropriate for use with
very young children. The technological framework presented in this paper maps
into objective numerical data the behavioral observations carried out during the
free play activity. In particular behavioral observations focus on the propensity
of the child to parental/caregiver involvement, child’s way to explore materials
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(both symbolic and functional), dwell time (time performing the same activity)
and interactions that display affection.

3 The Proposed Technological Framework

The proposed framework, schematized in Fig. 1, is composed by an RGB-D acqui-
sition device and a cascade of algorithmic steps by which objective numerical
outcomes are extracted and linked to some of the behavioral tasks described in
the ADOS-2 protocol.

The algorithmic core consists of three processing modules: the first one per-
forms the Detection, Localization and Tracking of People and Objects in the
scene; the second one combines the extracted spatial information and then,
through an Ontology, it maps them into different semantic states; the last step
processes the temporal sequences of semantic states in order to get numerical
scores associated to each behavioral tasks (Behavioral Scoring).

In the following the aforementioned modules will be detailed.

Fig. 1. Pipeline of the framework: RGBD input data are processed in order to track
people and objects in the scene and successively work out them through an ontological
approach and a behavioral module. (Color figure online)

3.1 Detection, Localization and Tracking of People and Objects

This module is mainly aimed to compute, frame by frame, the positions of both
people and toys of interest by means of an algorithmic scheme, illustrated in
Fig. 2, exploiting a joint analysis of RGB and depth data. As shown in the
scheme, two different approaches have been used for people and toys respectively.
This choice came from the consideration that the clinical protocol indicates a
finite number of items to be used during diagnostic and therapeutic sessions and
then the relative patterns can be preventively learned and stored in a repository.
In other words, the system continuously searches in the RGB images the tex-
tural patterns of expected items and, once it detects one of the known items, it
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tracks its position in the image plane. The detection and tracking is based on a
framework designed for long-term tracking proposed in [9]. The components of
the framework are: (1) the Tracker that estimates the objects motion between
consecutive frames, (2) the Detector that treats every frame as independent and
performs full scanning of the image to localize all appearances that have been
observed and learned in the past and (3) the Learning that observes perfor-
mance of tracker and detector and it estimates detectors errors and generates
training examples to avoid these errors in the future. The 2D object coordinates
are finally mapped into the 3D point cloud coordinate system.

On the other side, detection, localization and tracking of people has to be
treated differently since no a-priori appearance information is available. In this
case the detection and localization are performed by an advanced background sub-
traction approach that exploits multiple noise modeling in order to make the back-
ground subtraction available beyond the limit of 4, 5 m (constraint of the standard
Kinect SDK) relaxing the environmental constraints [10]. Background subtraction
is performed in the depth image to identify foreground region that contains both
moving objects and potential noise. These foreground pixels are then clustered
into objects based on their depth values and neighborhood information. Among
these objects, people are detected using a head and shoulder detector and track-
ing information about previously detected people. Detected persons are tracked by
an algorithm which uses a feature pool to compute the matching score [11]. This
feature pool includes 2D, 3D displacement distances, 2D sizes, color histogram,
histogram of oriented gradient (HOG), color covariance and dominant color. At
this point, the available positions of objects and people in the scene are expressed
into the 3-dimensional reference system of the acquisition device. Since, as will be
detailed in the next session, the proposed ontology defines semantic occupancy
areas then the positions of objects and people onto the floor plain have to be recov-
ered. To do that the floor plane has to be preventively estimated and this is done by
an evolution of the classical RANSAC (“RANdom SAmple Consensus”) algorithm
that searches the best model that fits a 3D point cloud, avoiding the influence of
possible outliers. The original algorithm was introduced by Fischler [12]. How-
ever, RANSAC requires to select some tuning coefficients such as the error toler-
ance which is unknown in advance in many real world problems. The performance
of standard RANSAC were successively improved by modifying its cost function
using an M-Estimator Sample and Consensus (MSAC) [13] approach, but this also
requires a user-specified error tolerance, i.e. the process is terminated when the
probability of finding a better model becomes lower than a user-specified proba-
bility. To overcome this problem in this paper the recently proposed RANSAC-
LEL technique is exploited [14] where LEL stands for Least Entropy-Like. The
key to robustness with respect to outliers is related to the fact that the devised
penalty function does not directly measure the (weighted) mean square error (that
as known tends to level out or low pass residuals), but only the distribution of the
relative squared errors. Once the plane coordinates are available the positions onto
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Fig. 2. People and object tracking scheme: the data provided by the RGB-D sensor
are exploited by two separate tracking algorithms for people and objects respectively;
the 3D positions are finally mapped in a common 2D plane (floor) reference system
previously estimated. (Color figure online)

the floor plain of objects and people can be computed by projection. In particular
this allows the systems to match (in an unsupervised manner) the generic labels
used by the tracker with the semantic entities given by the ontology (child, care-
giver and parents). This is done by counting the occurrences of a given label into
a specific semantic area.

3.2 Ontology

In computer science, an ontology is a formal naming and definition of the types,
properties, and interrelationships of entities of a specific context. In other words,
an ontology models a set of rules defining semantic states and events that rep-
resent a generic baseline for a subsequent processing.

The proposed ontology is inspired by the structure proposed in [15], a declar-
ative constraint based ontology that defines state/event models based on prior
knowledge about the context, the scene and the real-world objects involved. A
state/event model can be composite of three main key elements:
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– Physical objects refer to real-world objects involved in the realization of the
event (e.g., person, toys, areas).

– Components refer to sub-events of which the model is composed of.
– Constraints are conditions that the physical objects and/or the components

should satisfy.

Going into detail three kinds of physical objects have been considered in this
work: person, toy and area. Person is a class of physical object characterized by
two main properties: the people role (child, caregiver, parent) and the position
(coordinate on the floor coordinate system). Toy represents a class that has
properties similar to the previous one. It is characterized by an ID (opportunely
mapped on a known repository) and a position on the floor coordinate system.
Area represents a specific space zone of the scene (as showed in Fig. 3) that is
aimed to a specific purpose characterized in a semantic way (i.e. play area is
the area where the child is free to play and to move, parental area is aimed to
host the parents and caregiver area is the area where the caregiver use to stay).
Constraints are defined in terms of space location of a subject/toy (relation with
an area), temporal persistence of a specific state or as the simultaneous occur
of two states/events. Given the elements cited above, state and events hierarchy
can be defined as:

– Primitive State models a value of property of a physical object constant in a
time interval.

– Composite State refers to a composition of two or more primitive states.
– Primitive Event models a change in value of a physical objects property (e.g.,

posture), and
– Composite Event defines a temporal relationship between two sub-events

(components).

Following the above mentioned structure, a specific ontology has been defined.
More specifically each state/event (primitive or composite) is made up by the
involved physical objects (PsyOby), the components representing the state or
event (if necessary), of the same hierarchy level or lower, involved in the defin-
ition (Comp) and the constraints defining the condition that physical objects or
components must respect (Const). Moreover, in order to simplify the ontology
managing, two assumptions have been made: both the caregiver and the parents
have to stay in their respective areas.

Let CH be the child, PA the parents, CG the caregiver, APY , APA, ACG respec-
tively the play area, the parents area and the caregiver area and TY i the i-th
toys.
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Concerning the primitive states the following cases have been defined:

PS1 :

⎧
⎪⎨

⎪⎩

PsyOby = CH, APY

Const = CH → pos ∈ APY

Child is in play area

PS2 :

⎧
⎪⎨

⎪⎩

PsyOby = CH, APA

Const = CH → pos ∈ APA

Child is in parental area

PS3 :

⎧
⎪⎨

⎪⎩

PsyOby = CH, ACG

Const = CH → pos ∈ ACG

Child is in caregiver area

(1)

PS4i :

⎧
⎪⎨

⎪⎩

PsyOby = CH, TYi
Const =

∑t−Tw

t=t TYi → post − TYi → post−1 > THM

Toy i is moving

PS5 :

⎧
⎪⎨

⎪⎩

PsyOby = CH, PA

Const = CH → pos − PA → pos < TH

Child is close to parents

PS6 :

⎧
⎪⎨

⎪⎩

PsyOby = CH, CG

Const = CH → pos − CG → pos < TH

Child is close to caregiver

where t is the current frame, Tw is the windows size, pos is the position property
(x, y coordinates on the floor plane) of the physical object, TH a proximity
threshold, THM a movement threshold and the minus is referred to euclidean
distance.

Concerning the Composite states the following cases have been defined

CS1i :

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

PsyOby = CH, TYi
Comp = PS4i
Const = CH → pos − TYi → pos < THTC

Child is playing with object i

CS2i :

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

PsyOby = CH, TYiAPA

Comp = CS1i, PS2
Const = CS1i and , PS2
Child is interacting with object i and parents

CS3i :

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

PsyOby = CH, TYiACG

Comp = CS1i, PS3
Const = CS1i and PS3
Child is interacting with object i and caregiver

(2)
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Concerning the primitive events the following cases have been defined

PE1i :

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

PsyOby = TYi

Const =

{∑t−Tw

t=t TYi → post − TYi → post−1 > THM
∑t−2Tw

t=t−Tw−2 TYi → post − TYi → post−1 < THM

Toy i starts moving

(3)

Concerning the Composite events the following cases have been defined

CE1i :

⎧
⎪⎨

⎪⎩

PsyOby = TYi, CH

Comp = PE1iConst = CHP − TY iP < THTC

Child starts interacting with toy i

CE2 :

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

PsyOby = CH, APA

Comp = PS2
Const = PS2 > 3sec
Child starts interacting with parents

CE3 :

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

PsyOby = CH, ACG

Comp = PS3
Const = PS3 > 3sec
Child starts interacting with caregiver

CE4i :

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

PsyOby = TYi, CH, APA

Comp = PE1i, PS2
Const = CH → pos − TYi → pos < THP,PE1i and PS2
Child starts interacting with parents with toy i

CE5i :

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

PsyOby = TYi, CH, ACG

Comp = PE1i, PS3
Const = CH → pos − TYi → pos < THTC , PE1i and PS3
Child starts interacting with caregiver with toy i

CE7 :

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

PsyOby = CH, PA

Comp = PS5
Const = PS5 > 3sec
Child shows affect for parents

CE8 :

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

PsyOby = CH, CG

Comp = PS6
Const = PS6 > 3sec
Child shows affect for caregiver

(4)

where THP is the proximity threshold.
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Fig. 3. Semantic areas in the therapy room: The room is virtually divided in semantic
areas related to different kind of activities. The scene is monitored by the RGB-D
device positioned in an upper corner of the room.

3.3 Behavioral Scoring

Once the ontology states (i.e. active states at each sample time) are available, the
information useful to the therapist can be obtained. In this work, the attention has
been focused on the free play phase of the second module of ADOS 2 evaluation
protocol. It considers some aspects, some of which are most oriented to a subjective
evaluation, whereas, others, would be widely treated by means of a numerical eval-
uation. This phase of the protocol tries to understand fundamental child behav-
iors in some specific scenarios, some of these have been here accounted, whereas
others have been scheduled as future works. More precisely the knowledge of the
approach adopted by the child in order to interact with other people when objects
(toys) are available is observed. Some points of the protocol can be summarized in
the following questions: Does the child use the object in the room as an iteraction
instrument? Does the child focus his attention on a single toy or does he move his
attention among toys quickly? Does the child expresse love?

As first aspect, the way the child use to interact with parents and caregiver
(by means of the toys or just look for affection interactions) is treated. The
proposed ontology makes the answer quite easy; two possible situation have
been considered:

TI Time spent interacting by means toys: the child use the toys available in
the room during the communication with parents or caregiver; this time
is computed counting the consecutive occurrences of CS2i and CS3i (∀i)
respectively triggered by the composite events CE4i and CE5i.

FI Time spent on free interaction: the child interacts with parents or caregiver
overlooking the toys; this time is computed counting the consecutive occur-
rences of PS2i and PS3i (∀i) respectively triggered by the composite events
CE2i and CE3i.
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It is important to stress as the use of events (including temporal restriction to
the event recognition) as a trigger for counting the consecutive occurrences of
a specific state allows to avoid the counting of spurious state occurrences. It is
straightforward as the a comparison between the total time under the condition
TI and the total time under the condition FI represents a quantitative answer to
the protocol question. This first case is sufficient to highlight as the availability of
a precise numerical quantification of these temporal scoring to track the evolution
of the child throughout sessions.

A second aspect of interest is about the approach of the child toward the toys.
More precisely the protocol asks how much quickly the child moves his attention
from an object to another one. Moreover, a meeting with the staff of the NPO
Amici di Nico has brought out as the selection of a favorite toy would be useful.
With this in mind the following parameters have modeled and computed.

Let I be the number of object under exam, Tis the duration of the s-th
interaction of child with the i-th object computed as the number of consecutive
occurrences of the composite state CS1i between the s-th composite event CE1i
and the next one whereas Si is the number of interaction of the child with the
i-th object computed as the number of occurrence of composite event CE1i,

The total number of times that the child move his attention among different
object is defined as

TC =
I∑

i=1

Si (5)

The total time spent playing with object i is:

Ti =
Si∑

s=1

Tis (6)

The total time spent playing with objects is:

TCO =
I∑

i=1

Si∑

s=1

Tis (7)

The variance of the usage time of the object i is defined as

Vi =
1
Si

Si∑

s=1

[Tis − Ti]2 (8)

where Ti is the average time spent on the object i.
As a last aspect an evaluation of the display of affection has been studied. In

this case the specific kind of interaction with the parents and the caregiver has
been evaluated. To this aim the following definitions are mandatory

TAP : it is time spent on affection interaction with parents; it is computed
counting the number of consecutive occurrences of the state PS5 triggered
by the event CE7
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TAT : it is time spent on affection interaction with therapist; it is computed
counting the number of consecutive occurrences of the state PS6 triggered
by the event CE8

TP : it is time spent on the s-th interaction with parents; it is computed
counting the number of consecutive occurrences of the state PS2 triggered
by the event CE3

TT : it is time spent on the s-th interaction with therapist; it is computed
counting the number of consecutive occurrences of the state PS3 triggered
by the event CE4

SAP : is the number of affection interaction with the parents, corresponding to
the occurrences of the event CE7

SAT : is the number of affection interaction with the therapist, corresponding
to the occurrences of the event CE8

SP : is the number of interaction with the parents, corresponding to the occur-
rences of the event CE3

ST : is the number of interaction with the therapist, corresponding to the
occurrences of the event CE4

4 Experimental Outcomes

The validity of the proposed framework was proved by two different experimen-
tal phases performed by placing the acquisition device on a closet (to make it
invisible for children). The first experimental phase, performed in the ISASI-
CNR Computer Vision Lab, was aimed to set some system parameters (e.g.,
proximity and motion thresholds, TH, THP, THM in Sect. 3.2) and, at the same
time, to give a qualitative evaluation of the reliability of algorithmic steps. In
particular, this was carried out by reproducing in the lab a typical therapeutic
room (with the play, parental and caregiver area) and then running the algo-
rithms on the data acquired while two adults and a child (without ASD) moved
in the scene performing a specific list of activities (walking around, taking and
leaving a specific toy, carrying the toy to the caregiver or the parents and so on).
At the end of this phase the predefined list of activities was compared with the
list of those automatically estimated by the cascade of involved algorithms. In
Fig. 5 a graphical comparison between actual (leftmost) and estimated (right-
most) activities is reported. In particular Y-axis represents the floor area in
which the child was detected (0 for play area, 1 for parental area e 2 for care-
giver area) whereas line colours are associated to the manipulated object (black
for no object, red blue and green for object 1 2 and 3 i.e. doll, puppet and toy
car). Finally, the marker’x’ is associated to affective occurrences, i.e. when the
distance between the child and the adults was under the proximity thresholds.
The similarity between the two plots indicates that persons and objects were
properly detected and tracked and then the ontology was successfully applied to
determine the semantic states that are the input of the subsequent behavioral
scoring phase. For a better comprehension, one of the frame acquired during



A Technological Framework to Support Standardized Protocols 281

Fig. 4. One frame extracted from the preliminary experimental phase carried out in
the ISASI-CNR Computer Vision Lab.
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Fig. 5. Comparison between actual (leftmost) and estimated (rightmost) activity states
during preliminary experimental sessions performed in our lab

this phase is reported in Fig. 4. The figure contains the superimposed informa-
tion about floor areas (with relative identification number) as well as the colour
assigned to the object manipulated by the child.

The second experimental phase was carried out at the NPO “Amici di Nico”
by acquiring two ADOS-2 sessions. The first session was scheduled to asses a
5 years old child with ASD whereas the second one was scheduled for diagnosing
if the language delay of a 3 year old child was associated to ASD (fortunately it
was not).

In Table 1 the outcomes of the proposed framework at the end of the sessions
are reported. In particular, according to Subsect. 3.3 the following behavioral
scores were extracted: TI = Time of interaction by means toys, FI = Time
of free interaction, TCO = The total time spent playing with objects, TC =
Toys changes, Ti = The total time spent playing with object i, Si = Number of
interaction with the i-th toy, Vi = variance on the time of interaction with the i-
th toy through sessions, TAP =, Total time on affection interaction with parents,
TAT =, Total time on affection interaction with therapist, TP = Total time on
interaction with parents, TT = Total time on interaction with therapist, TT =
total session time. The clinical evaluation of the data is out of the scope of this
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Fig. 6. One frame extracted from the experimental phase carried out at the NPO
“Amici di Nico” by acquiring two ADOS-2 sessions.

paper. However what we think is important to highlight here is the capability of
the framework to provide the caregiver with objective data extracted from the
scene allowing him to achieve a fair assessment of the child.

Both reports are divided in 3 part corresponding to the three aspects/
questions described in Subsect. 3.3 respectively. As widely discussed, these results

Table 1. Statistics carried out for the two children under exam: the two tables show
the results for Child 1 and child 2 respectively. Each report is divided in 3 parts referred
to different focuses of the ADOS 2 protocol.

Child 1

Part 1
TI 21 min
FI 24 min

Part 2
TCO 37 min
TC 12
Ti (1) 7 min; (2) 18 min; (3) 12 min;
Si (1) 4; (2) 2; (3) 6;
Vi (1) 0.92; (2) 32; (3) 0.8;

Part 3
TAP 5 min
TAT 1 min
TP 27 min
TT 12 min

TT 63 min

Child 2

Part 1
TI 26 min
FI 14 min

Part 2
TCO 42 min
TC 7
Ti (1) 21 min; (2) 10 min; (3) 11 min;
Si (1) 2; (2) 2; (3) 3;
Vi (1) 40; (2) 2; (3) 1.3;

Part 3
TAP 6 min
TAT 3 min
TP 26 min
TT 5 min

TT 54 min
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would be highly useful in the diagnosis process. As an instance, looking to the
part 1 it is clear that the child 2 is more oriented to an interaction via toys com-
pared with the child 1 that shows a more balanced attitude for both toys/non
toys interaction. Concerning the second part many information about the atti-
tude to play with object are provided. More precisely it would be interesting to
observe as the second child is highly interested in objects and that he is capable
to pay more attention in each of them avoiding frequent changes. Moreover Si

and Vi are useful data in order to take awareness of a preference on a specific
toys or how the child rise out an interest for one of them. The last part highlight
the time spent with parents or therapist and if this interaction is oriented to a
affection interaction or a most standard interaction.

5 Conclusions and Future Works

In this work a first attempt to undertake the difficult challenge of embedding a
technological level into a standardized protocol for ASD diagnose and assessment
has been introduced. Experimental proofs demonstrated the huge potentiality
of this research trend since, by this technological tools, objective data can be
provided to the caregivers in order to get a more accurate diagnose and assess-
ment of ASD. In this work only the module 1 of the ADOS-2 protocol has been
explored and the 4 tasks involved in the phase 1 (free play) have been analyzed
by the proposed technological framework. Future works will deal with the exten-
sion of the framework to other phases and modules of the ADOS-2 protocol: this
will be done by including new functionalities facing emotions recognition, ges-
ture analysis for symbolic and functional manipulation of objects and a deeper
analysis of interactions between children and adults.

References

1. Lofland, K.B.: The use of technology in the treatment of autism. In: Technology and
the Treatment of Children with Autism Spectrum Disorder, pp. 27–35. Springer
International Publishing, Cham (2016)

2. Warren, Z., Zheng, Z., Das, S., Young, E.M., Swanson, A., Weitlauf, A., Sarkar,
N.: Brief report: development of a robotic intervention platform for young children
with asd. J. Autism Dev. Disord. 45(12), 3870–3876 (2015)

3. Cheung, S.C.S.: Integrating multimedia into autism intervention. IEEE MultiMe-
dia 22, 4–10 (2015)

4. Bernardini, S., Porayska-Pomsta, K., Smith, T.J.: Echoes: an intelligent serious
game for fostering social communication in children with autism. Inf. Sci. 264,
41–60 (2014). Serious Games

5. Shamsuddin, S., Yussof, H., Mohamed, S., Hanapiah, F.A., Ainudin, H.A.: Telere-
habilitation service with a robot for autism intervention. Procedia Comput. Sci.
76, 349–354 (2015). IEEE International Symposium on Robotics and Intelligent
Sensors (IEEE IRIS 2015) (2015)

6. Boucenna, S., Narzisi, A., Tilmont, E., Muratori, F., Pioggia, G., Cohen, D.,
Chetouani, M.: Interactive technologies for autistic children: a review. Cogn. Com-
put. 6(4), 722–740 (2014)



284 M. Leo et al.

7. Crippa, A., Salvatore, C., Perego, P., Forti, S., Nobile, M., Molteni, M., Castiglioni,
I.: Use of machine learning to identify children with autism and their motor abnor-
malities. J. Autism Dev. Disord. 45(7), 2146–2156 (2015)

8. Lord, C., Rutter, M., DiLavore, P.C., Risi, S., Gotham, K., Bishop, S.: Autism diag-
nostic observation schedule: ADOS-2. Western Psychological Services Los Angeles,
CA (2012)

9. Kalal, Z., Mikolajczyk, K., Matas, J.: Tracking-learning-detection. IEEE Trans.
Pattern Anal. Mach. Intell. 34(7), 1409–1422 (2012)

10. Nghiem, A.T., Bremond, F.: Background subtraction in people detection frame-
work for rgb-d cameras. In: 2014 11th IEEE International Conference on Advanced
Video and Signal Based Surveillance (AVSS), pp. 241–246, August 2014

11. Chau, D.P., Bremond, F., Thonnat, M.: A multi-feature tracking algorithm
enabling adaptation to context variations. In: 4th International Conference on
Imaging for Crime Detection and Prevention 2011 (ICDP 2011), pp. 1–6, November
2011

12. Fischler, M.A., Bolles, R.C.: Random sample consensus: a paradigm for model
fitting with applications to image analysis and automated cartography. Commun.
ACM 24(6), 381–395 (1981)

13. Torr, P.H., Zisserman, A.: Mlesac: a new robust estimator with application to
estimating image geometry. Comput. Vis. Image Underst. 78(1), 138–156 (2000)

14. Distante, C., Indiveri, G.: Ransac-lel: an optimized version with least entropy like
estimators. In: 2011 18th IEEE International Conference on Image Processing, pp.
1425–1428, September 2011

15. Crispim, C.F., Bathrinarayanan, V., Fosty, B., Konig, A., Romdhane, R., Thonnat,
M., Bremond, F.: Evaluation of a monitoring system for event recognition of older
people. In: 2013 10th IEEE International Conference on Advanced Video and Signal
Based Surveillance (AVSS), pp. 165–170, August 2013


	A Technological Framework to Support Standardized Protocols for the Diagnosis and Assessment of ASD
	1 Introduction
	2 Autism Diagnostic Observation Schedule (ADOS-2)
	3 The Proposed Technological Framework
	3.1 Detection, Localization and Tracking of People and Objects
	3.2 Ontology
	3.3 Behavioral Scoring

	4 Experimental Outcomes
	5 Conclusions and Future Works
	References


