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ABstRACt
Robots have been designed to take over people’s activities that involve repeated and high physical 
effort. As they are equipped with increasingly powerful computing units, the robots have begun to 
be programmed and used for complex tasks, involving more decision making and a more accurate 
mechanical control. In particular, humanoid robots are used for various assistance or human 
interaction applications. Among medical applications with humanoid robots, one of the most 
complex is that of therapy for children with psychiatric and neurodevelopmental disorders. Thus, 
the use of robots is motivated by several factors that increase therapeutic efficiency: children are 
attracted to toys, but also to technology, predictability of a device / robot’s actions facilitates the 
learning process, etc. The difficulty of this therapy is given by the need to use a complex robot, 
whose architecture needs to develop motor / gestural, verbal and even cognitive skills.
In this paper, we will present the details of implementation on the Nao robot platform of behavioral 
therapy programs for children with Autistic Spectrum Disorder (ASD) used in a specialized clinic.
In the first part of this paper, some representative papers from the literature address the problem of 
the use of robots in the therapy of children with ASD. In the second part, the technical capabilities 
of the Nao robot are presented. Nao is a humanoid, with a height of 58 cm, which can perform 
complex movements using the hands and feet and is equipped with numerous sensors that facilitate 
human-robot interaction: tactile sensors, proximity sensors, video cameras, microphones, etc. The 
third part is dedicated to presenting the Nao robot programming and configuration methods and 
the solutions chosen to implement the application. Also, we describeour Android application that 
allows the therapist to control the robot throughout all stages of therapy: choosing the program from 
therapy, choosing / changing the requirement and the item, give rewards, etc. In the last part, some 
conclusions and perspectives of these research activities are outlined.
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iNtRoduCtioN
During the last decades, the robots be-

came an important component for develop-
ing the human labor and essentially, for im-
proving our lives. 

Firstly, humans transferred the hardest 
work to these machines, and therefore, the 

robots have become a significant part of the 
industrial revolution.

Lately, with the development of micro-
processors and microcontrollers, the robots 
were equipped with decision-taking and so-
cial skills. Hence, they became capable to in-
teract with the human, as a companion or as 
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an assistant. In this context, the recent med-
ical applications using robots represent an 
important research area. 

One of the most significant robot-aided 
medical application is the therapy for chil-
dren with psychiatric and neurodevelop-
mental disorders.An important aspect in the 
context of human-robot interactions is the 
human-like appearance of the robot. Hence, 
the robot had to look, move, and speak as a 
human especially for the therapy programs 
that aim to correct and improve such mental 
health issues of the patients [1]-[3].

Our work aims to develop and test a ro-
bot-aided therapy application using the Nao 
humanoid robot. This first set of behavioral 
therapy programs for children with Autistic 
Spectrum Disorder (ASD) is used in a spe-
cialized clinic and some encouraging initial 
results were obtained. 

literature review
There are many works in the literature 

that elaborate on the problem of using the 
programmable therapeutic robots for the 
children with ASD [2-15].

The robots are used in therapeutic pro-
cedures for several types of interactions: 1) 
imitative actions (i.e., motor actions), 2) tri-
adic interactions (the therapist, the patient/
child and the robot participate into recipro-
cal activities, such as: hand waving, pushing 
toys-on-wheel to each other, etc.), 3) dyadic 
interactions (similar to triadic interactions, 
but firstly, the therapist-robot interaction is 
performed and then, in the second step, the 
child-robot interaction is performed), and 4) 
the interaction with the robot as a therapeu-
tic toy [4, 5].

The use of the robots for the therapy with 
the children with ASD is motivated by sev-
eral facts, such as: 1) the robot attracts the 
child’s attention (it is known that children are 
attracted to toys and technology, too); in this 
context, including the robot’s exterior shape 
and design are important for increasing the 

child’s interest, 2) the predictability of the ac-
tions of a device/robot enhances the learning 
process, 3) the robot improves the social dy-
adic exchange (interaction) between the child 
and the robot, and 4) the robot improves the 
social triadic exchange (interaction) between 
the child and the therapist/parent. On the 
other hand, there is a side effect of the robot’s 
use: the robot must be gracefully eliminated 
in order to foster the dyadic social interaction 
between child and therapist or between child 
and parent. This is called the risk of the ex-
cessive use of the robot [4, 5].

During the last decades, several robots 
of different complexity were developed and 
used in therapeutic interventions. From min-
imalistic toys, such as Robota [6], Keepon [7], 
and Pekoppa [8], to complex humanoid ro-
bots, such as Kaspar [9], and Nao [10-12], all 
these devices were used by several research 
teams to test their efficiency for therapeutic 
purposes. The first therapeutic robots were 
simple modified toys, such as Robota, which 
is a doll equipped with electrical motors con-
trolling its arms and legs. Robota was pro-
grammed to imitate human gestures. The 
children participating in the several tests 
with Robota [6] showed significant improve-
ments in the initiation of a communication 
and in the imitative behaviours with the ro-
bot. Keepon is a small yellow robot used to 
study the social interractions [7]. In the ex-
tensive study of Kozima [7], children with 
ASD have engaged spontaneously in dyadic 
interactions with Keepon and triadic interac-
tions. Recently, another minimalistic robot, 
named Pekoppa, was used for a therapeu-
tic study [8]. Pekoppa is a plant placed in a 
pot, which is designed to react to the speech 
/ voice signal. It moves its lobes and the stem 
with the frequency and amplitude deter-
mined by the recorded speech signal. During 
the therapy sessions, with both children with 
ASD and neuro-typical, there were record-
ed the following parameters: the heart rate 
(beats per minute) and the number of words 
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(nouns and verbs) spoken by children. The 
result of this study revealed increased val-
ues for both parameters for the children with 
ASD during the dyadic interactions with the 
robot as compared to the dyadic interactions 
with the human therapist [8]. One of the first 
and well-known humanoid robots is Kaspar 
[9]. Kaspar was designed as an expressive 
humanoid robot. Many tests using Kaspar 
demonstrated improved social interaction 
in all subjects with ASD. However, Kaspar is 
not capable to execute complex movements, 
such as walking or dancing. Another well-
known robot is Nao, which is much more 
mobile, being capable to execute very com-
plex movements of all body parts. The hand-
sand feetare human-like articulated, making 
Nao look as a human when he moves. In fact, 
one of the first applications designed by its 
manufacturer (Aldebaran Robotics) was the 
Autism Solutions for Kids (ASK NAO) [10], 
which is a packet of programes inspired by 
the special edication methods used in USA, 
such as Applied Behavior Analysis (ABA), 
Picture Exchange Communication System 
(PECS), Treatment and Education of Autistic 
and Related Communication Handicapped 
Children (TEACCH), etc.

technical performances of the Nao 
robot

Nao was initially developed by Aldebaran 
Robotics and later, the project was continued 
by SoftBank Group. Since 2006, when the 
first version of Nao was released, there were 
produced six versions of the robot (the sixth 
version was released in 2018). During these 
years, Nao became a standard in robot-aided 
education and robotics research, being also 
used by several companies. Lately, Nao 
is used on a large scale foreducation-and-
research and healthcare applications. 

The 58 cm height humanoid named Nao 
is a Linux OSfully programmable robotic 
hardware platform that is equipped with 
ATOM Z530 1.6 GHz CPU, 4 tactile sensors, 

speakers, leds, on-off & restart button, bump-
ers, front and back microphones, 2 side mi-
crophones, 2 front cameras. The head, hands 
and feet are controlled by electrical motors 
providing Nao with 25 degrees of freedom. 
Due to these impressive hardware resources, 
Nao is capable to do a lot of complex tasks, 
such as: executing complex movements us-
ing its hands and feet, playing and recording 
speech signals, real-time control, shape/ob-
ject recognition, speaker recognition, speech 
recognition, etc. Here, we have to mention 
a minor drawback: all these capabilities are 
designed as closed source (proprietary soft-
ware), which cannot be adapted/modified 
for other purposes. Moreover, all speaking 
capabilities are optimized only for English 
(and other languages of large circulation). 
For example, there is no such software tool 
available for Romanian, a fact that made us 
work for finding similar solutions for our 
therapy application. 

Programming the Nao platform
Script Python
NAO runs a Linux based operating sys-

tem and the aplication is started automati-
cally after the system finishes the standard 
boot procedures. The Python environment 
includes special libraries that are especially 
designed for programming the robot. It also 
allows setting the parameters of the appli-
cation layer connection, selecting the condi-
tional variables and defining the functions 
that apply the specific behaviours of Nao.

Behaviors using Choregraphe
The Choregraphe environment allows 

cascading a finite set of logically structured 
commands, which allow the implementation 
of some presentations, interractions or re-
quests. It allows programming all commands 
such that the required behavior is correctly 
done by Nao. Also, each task can be done as 
a result of some decisional structures. All the 
movements can be recorded in a timeline.
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ouR tHeRAPeutiC solutioNs 
usiNg NAo 

During the last years our technical re-
search team developed some particular solu-
tions for the following tasks using Nao, such 
as: speaker recognition, Romanian speech 
recognition, object/shape recognition, maze 
solving, a NAO Remote Control, and other 
demonstrative applications [16,17]. In the 
next subsection, we will present the NAO 
Remote Control application, which was de-
veloped especially for the current therapeu-
tic programs. However, this Remote Control 
can be used for any other general purpose 
applications. 

Nao – Remote Control
The requirements for such a remote con-

trol application developed for Nao are the 
following: the real time control of the robot 
for executing predefined tasks, reposition-
ing the robot in the main balance positions, 
and the instantly stopping of the ongoing ac-
tivity at any time. The developed NAO Re-
mote Control is a Client – Server application 
running on any Android client (i.e., a smart-
phone) and working in the WiFi network of 
Nao. The client was designed in Java and 
controls the server’s processes defined in Py-
thon. The NAO Remote Controlcommunica-
tion is shown in Figure 1. 

An example of a typical communication 
scenario using the NAO Remote Control is 
presented in Figure 2.

the novel Nao therapy application 
The Nao therapy application runs on the 

smartphone and is based on the NAO Re-
mote Control application presented in the 
previous section. Therefore, when the client 
is running, the user can select a therapy pro-
gram from a main menu, which is displayed 
as a list. This main menu list is shown in Fig-
ure 3. 

When a program is selected, the user 
takes control of the Nao’s routines imple-
mented for a specific therapy program. In 
fact, the robot is used by the therapist to ask 
a request, to say the item(s) and to deliver the 
proper spoken feedbacks. All requests, items 
and feedbacks “said” by Nao are pre-record-
ed messages. The voice of a seven years old 
neuro-typical girl is used in all recorded se-
quences. Even the voice could be generated 
with a good accuracy using some algorithms 
for the Romanian synthetic voice [18], we no-
ticed that the natural voice of a typical child 
was more attractive to children with ASD. 
Moreover, the limited set of spoken messag-
es (that are used repeatedly, even during the 
same therapy sitting) does not require the 
use of a complex synthetic voice generation 
algorithm. 

In each program, the therapist can com-
mand Nao to initiate the sitting by saying 
first the request and second, saying the new 
item that had to be interpreted by the patient. 
For each program, we chose to generate both 
the request and the item, which are random-

figure 1. the client-server communication for NAo Remote Control
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ly selected from finite sets of similar requests 
or items, respectively. Even the request is 
generated randomly for the same program, 
the different requests have a similar meaning 
(different expressions with a similar mean-
ing are used). This pseudo-randomness in 
the request and the item generation is intro-
duced to reduce predictability and to keep 
the child’s attention in therapy. 

In Nao therapy application, for each tri-
al, the therapist can use either a positive or a 
negative feedback and can change the pro-

gram anytime. Obviously, when a positive 
feedback is used for an item, a new item is 
prepared for the next trial. However, when a 
negative feedback is selected, the same item 
is generated in the next trial. With all these 
selection buttons set during the therapy pro-
gram, the therapist can set and use any thera-
peutic scenario. The simplified flowchart de-
scribing the functioning of the Nao therapy 
application is illustrated in Figure 4. 

For the current study, only nine therapy 
programs were used, as following: Auditory 
Attention (repeat words, repeat propositions, 
and text/story understanding) and Recep-
tive skills (instructions, body parts, animals, 
fruits and vegetables, household items).

For each program in the application, a 
specific scenario was designed. The more ad-
vanced the program, the more complicated 
the scenario is. One of the most complex pro-
grams introduced in the current version of 
the application is the text/story understand-
ing program, from the category of auditory 
attention. In this program, the child is asked 
to reproduce a several sentence story. Con-
sidering that the therapist has to adapt the 
complexity level of the program to the child’s 
mental development level, the application 
must allow the therapist to select different 

figure 2. An example of Nao interaction using the NAo Remote Control

figure 3. the main menu of the therapy 
application



28 Romanian Journal of Child and Adolescent Psychiatry

 nIcolae et al.

Figure 4. The flowchartdescribing the therapy application

figure 5. An example of a complex therapy program – the story understanding

parts (of any size) of the story. Therefore, the 
story is broken into small parts or phrases 
and the therapist can work on any part, sep-

arately. The detailed flowchart of the story 
understanding Nao therapy program is pre-
sented in Figure 5. 
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CoNClusioN ANd futuRe WoRK
As perspectives, we intend to extend the 

set of programs for the therapy. Moreover, 
we need to improve the capabilities of the 
robot, by adding new functionalities, such 
as: volume control, robot halting at any mo-
ment, voice control, improved 2D/3D objects 
recognition, facial recognition, emotion rec-
ognition, etc. Also, we aim to develop a spe-
cific database to record the data from thera-
py. Finally, we aim to introduce, on a large 
scale, the developed Nao therapy application 
in schools for special education programs. 
Therefore, children with learning and so-
cializing difficulties would take benefits of 
the interactions with Nao in most Romanian 
schools and therapy clinics. 
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