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Abstract—This paper presents a robotic platform suitable for
Human—Robot Interactions (HRI), with focus on verbal
interactions. It is obvious that interactive and social skills are two
indispensable requirements in many application areas where
robots and humans need to interact with each other.
Consequently, we have developed a cognitive robot companion, i.e.
a parrot like robot, with main focus on verbal interaction with
humans. A possible educational or therapeutic aspects of this
robot for children who suffer from Autism Spectrum Disorders
(ASD) have been considered. In other words the robot is designed
intended to comfort and emotionally interact with autistic
children. Different types of functionalities are introduced and
discussed in the light of their potential investigation in human-
robot experiments. The platform is intended for research in other
HRI applications, such as concept learning and robotainment. The
initial results show the attractiveness of the designed robot for
humans and its great potential for success in using this platform
for rehabilitation in social interaction, edutainment and
entertainment.

Keywords—Autism  Spectrum  Disorders;  Robot-Assisted
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L

Throughout the years social robots have been introduced and
developed in order to ease Human-Robot Interaction (HRI).
These robots are being designed to interact with human beings
in order to satisfy certain social needs. From a wide variety of
applications, recently, social robots have been used in the
applications related to Robot-Assisted Therapy (RAT). One of
the utilizations of robots in RAT is Autism Therapy [1]-[2].
Autism spectrum disorder is a neurodevelopmental disorder
characterized by three main deficits in social interaction, verbal
and non-verbal communication, and unusual restricted,
repetitive and stereotyped patterns of behaviors [3]. The concept
of using robots for autism therapy comes from the fact that
robots are non-threatening [4], adaptable devices, and they can
perform predictable acts along with making specific sounds.
Considering that normal therapy is time consuming and labor
extensive, robots, as companions, can help therapists and reduce
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Fig. 1. The RoboParrot

the load on the therapist that can increase the performance.
Furthermore, these robots can be used at homes to help the
parents work with their autistic children.

A critical capability in human development and social
interaction is communication. Impairments in communication
can generate difficulties in conversation with others and
consequently, this can lead to disruptions in the process of
learning [5]. In particular, the voice-based communication is
approximately one-third to one-half of autistic individuals does
not develop normally. As a result they cannot deal with
problems in order to meet routine affairs [6]. Those autistic
individuals who reveal difficulties in speech, may show
fluctuation in tone and pitch or may demonstrate repetitive and
stereotyping pattern in their speech [7].

Since robots are interesting and can help autistic children to
engage in a simple social interaction while not being threatened
[8], we decided to study the idea of using robots to improve
autistic children’s social and verbal abilities. It should be also



mentioned that we have used an animal like robot since autistic
children tend to interact with animals much better than humans.
Furthermore, we have chosen parrot, as the animal of interest,
since it is famous for its verbal abilities that can be attractive and
useful for teaching verbal communication to autistic children.

In this paper, we report the novel design of a parrot-like robot
(Fig. 1) which can be used for imitating games, directing
attention and other useful tasks that will be discussed in the
Methodology and Approach section. The robot has been
designed, implemented, and tested. It has been tested on a few
autistic children to get their response to the robot. This novel
design allows the researchers to use this platform beyond the
autism screening and therapy. It can be used to test concept
learning in human-robot interaction. Furthermore, it can be used
as an entertainment platform. This design is one of the few
designs inspired from birds.

IL.

Today, HRI is a new and attractive concept in autism therapy
[9]. Recently intelligent robots have been used to improve social
and interactive skills of autistic children [9]. In autism therapy
the focus is to improve imitative game playing, overall use of
language, social behavior, concentration, and turn-taking skill
[10]-[11]. Some of these robots focus on face tracking such as
CHARLIE [12] and Keepon [13]. Autistic children are mostly
impaired to follow the gaze and direction of activities. Robins et
al. [14] developed a humanoid robotic doll called Robota that
uses a tele-operate mode and works as a dancing toy.

RELATED WORK

This robot provides fun movements for autistic children with
the purpose of developing their joint attentional skills. This will
work with the need to share the interest with others. Researchers
have also worked on Robot-assisted therapy (RAT) to improve
the effectiveness of treatment for children who has ASD. Robota
and the humanoid robot made by Mataric’s research group at
USC [15] explored specific therapeutic issues for improving
social interactions of autistic children by activities such as
imitating games. It is believed that the eye contact is an
important item in social behavior. To investigate the response
time in the eye contact of autistic children with humanoid robot
NAO, Cabibihan et al. [16] use NAO to improve the eye contact
duration of children with a humanoid robot. In another simpler
use of NAO in RAT [17], the humanoid robot repeats a hand
movement and meanwhile plays a song. The initial response of
autistic children stereotyped behavior is observed and clinically
evaluated.

II.

Our RoboParrot is based on a toy from Hasbro Toy
Company. To control the robot, a hardware is added to provide
the communication between the robot and the computer. All the
motors and sensors are controlled through this controller. A user
interface is developed which provides the needed tools for an
operator to control the robot.

THE ROBOPARROT PLATFORM

RoboParrot is designed such that it can be controlled by a
remote operator, who can be an autism expert if the robot is used
for autism therapy. The control system and the user interface has
been designed such that the operator can see an autistic child
through the camera and interact with him/her verbally or by
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Fig. 2. The RoboParrot schematics

platform. The blue and the green blocks were added to the
original toy and in the pink blocks the touch sensor, microphone
and speaker were upgraded.

A. Mechanical and Electronic System

This robot composed of two main mechanical motors that are
used to control the motions of the whole body and the head (Fig.
3). The body motor controls the motion of the wings, the legs,
and the neck. The head motor controls the motions of the eyes
and the beak of the RoboParrot (Fig. 4). Our robot is capable of
closing and opening its eyelids, beak, and wings. Also it can
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Fig. 3. A sequence of the robot body movements that start from a start
position
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Fig. 4. Closing-opening the eyelids with clockwise movement of the head
motor (right) - Closing-opening the beak with counterclockwise
movement of the head motor (left)

move its body in three directions and its neck back and forth or
left and right.

The RoboParrot has a few sensors such as a microphone, an
IR-sensor, and a Hall effect sensor in its beak that allows the
robot to detect the closeness of a hand on his head and beak. The
IR-sensor on its chest would allow to sense if a person tries to
touch his chest. A speaker is also mounted in the robot that
allows the operator to communicate with others through it. To
make the robot look more in a natural setup, it is placed inside a
cage that will provide us a space to place our controller hardware
and it will also protect the robot from being harmed by children
(Fig. 5). We have placed a webcam on the cage so the operator
can see what happens and how a child reacts. Furthermore, the
images can be stored for further analysis such as face
recognition, and mood and emotion analysis.

B. Hardware

Control system consists of hardware microcontroller board and
software Graphical User Interface (GUI). Since there are not
much room in the robot’s body to place extra control board, the
hardware is broken into two part to be able to place the necessary
header board inside of the robot and the main microprocessor
controller (Fig. 6). A wooden base was built under the robot for
embedding the main board and induce the beauty and
naturalness of the robot (Fig. 7).

Currently our robot has only the tele-operated mode.
However, our final design will be able to operate in both remote-
operated mode and autonomous mode. In remote- operated
mode an autism therapist will control the system from a personal
computer (PC).

Fig. 5. RoboParrot is very attractive which attracts the attention of normal
kids too.
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Fig. 6. The components of the main controller board of the robot

The overall specification of the robot is given in Table I.

TABLE 1. HARDWARE AND SOFTWARE FEATURES OF ROBOPARROT
Height 50 cm
Width 10 cm

Degree of freedom

Opening-closing the wings (about 15 degree),
moving head up and down, moving body left and
right, opening-closing the eyelids and the beak

Actuators Two DC motors, geras, shaft encoder

Microcontroller Atmegal6

Sensors Touch, IR, switches

Power supply 5V,04A

Softwares OS: Windows 7, visual C# (GUI), serial port
(RS232-9600  baudrate), matlab  (voice
morphing)

Accessories Speaker, microphone, webcam, video camera

Fig. 7. Embedded Hardware Package Placement underneath of the robot
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Fig. 8. The RoboParrot User Interface. The top-left boxes are the control
for the body and head motors. The top-middle box, with the parrot head,
shows the states of the robot’s eye and beak. The top-right box is the
camera view. The bottom-left gauge shows the sounds level. The bottom-
middle box are different songs that can be played for a child. The bottom-
right box are specific controls that the operator can select such as moving
left or right and opening-closing wings

C. Robot Software

a) Graphical User Interface: A user friendly software
interface (Fig. 8) is designed for communication between the
PC and the controller hardware in order to send commands to
the robot and receive data from camera, sensors, microphone,
and motors. This interface provides several functionalities such
as the robot movements, the camera view and playing three
different childish sounds. The camera shows the child’s
behavior and the operator can observe these behaviors and use
the GUI to give appropriate orders to the robot. In this operation
mode therapist can use the microphone and speaker in order to
interact with the child. To ensure the operator that the correct
command is sent to the robot and check the validity of the
robot’s functionality, the interface shows the RoboParrot’s
state.

b) Voice Morphing: In order to make the robot more
realistic and attractive to children, the operator’s voice is
filtered and changed to become closer to a parrot’s voice. In
other words, the pitch of the voice is changed to get closer to
the pitch of a parrot’s voice.

IV. HUMANAN-ROBOT INTERACTION SCENARIO WITH
AUTISTIC CHILDREN

In this section we have presented our method that we
considered to test the effectiveness of the robot. Thus the
samples, the scenarios, and the results are presented briefly.

Sample. We observed 5 children including three autistic
children (N=3; age average 3.6) and two normal children (N=2,
age average, 3.7).

Scenario. The sessions were designed unstructured to let the
subject be on their own, and it allows becoming familiar with
interaction between child and the robot without any previous
design. Each session lasted for about 8 to 12 minutes in which
the subject was accompanied with his/her parent(s). The
subjects only interacted with the robot in a single session and
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parents were told that this procedure is an experiment in order
to study the interaction of their children with the robot. We
informed parents that they should not tell their children that
they are participating in an experiment and they should not
comment on their children’s acts. They could only encourage
their children whenever they received a request from the remote
operator. Each child with his or her mother entered the
experiment room, which was a typical therapy room in the
clinic that they were treated.

The robot’s interaction scenario is set as follows: First, the
robot is silent for few second, and then the scenario randomly
runs, that is, first in some cases motor stimulus run, and in other
cases, auditory ones. Being fixed and silence position in the
robot at the beginning of the scenario was because of that
robot’s apparent attractiveness was characterized for children.
In addition, randomly presentation order of stimulus was due to
children’s reaction were not influenced by order of stimulus
presentation. In addition, most robots that have been built so
far, usually were dependent to motor features, while, verbal
communication is a special feature which considered in this
robot, because a main feature in autism is language impairment.
Thus, operator runs a few movements of the robot, such as
blinking, flounder, and opening-closing the robot’s beak,
shaking the robot’s body as well. Next, music was played
through the robot’s speakers. After that, the robot initiated a
communication by using words such as salute, calling the name
of each child and involving in a dyadic communication and
asking about the play and interest of child. If the child did not
want to cooperate or neglected the robot, a third person
(caregiver) had to encourage the child to communicate with the
robot. Finally, the robot appreciated the child and asked him or
her whether he or she wanted to play with him again, and if the
answer was no the robot said goodbye. With comparison of two
groups of autism and normal, we found different interaction that
is described in the following paragraphs.

V.

In this section we have presented the findings by comparing
children in the same age group. The severity of autism in these
children can be categorized into very mild and mild according
to Gilliam Autism rating scale (GARS) scores. It should be
stated that all these children showed awareness to the presence
of the robot; even for a few seconds. All of them looked at the
robot, however, they have had differences in maintaining their
attention to focus on the robot and its behaviors. These
considerations are described in details in the following sections.
Autistic children

A 2.7-year-old child: when music was played, the child did
not pay much attention to the robot, even he stood in the
opposite direction to the robot. When the music was paused,
child turned around and stood toward the robot, and then with
initialization of the movements, the child was more attracted to
the robot. When the robot blinked, the child looked at the robot,
smiled, and stopped walking for a few seconds and kept on
looking at the robot with a sense of happiness. During the
session, the child kept a distance (about 1.5 meters) from the
robot and did not get very close to the robot and he was around
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her mother and next to a chair. When the robot initiated verbal
communication, by saying hello, the child glimpsed at the robot.
In response to the vocalizations of robot, using parrot-like
sounds, calling the child, and asking him a few questions about
playing and his interest to this robot. The child then expressed
stereotyping vocalization and sometime it seemed that the child
wants to imitate the robots actions. For example the child tried
to express words that their tome was the same as what the robot
was expressing. This point may be indicating that in autistic
children there are tendencies to communicate, however, they
have problems in finding the appropriate way in order to
communicate. In addition, it should be noted that this child had
a poor development of language skills, and this factor may
cause poor verbal communication or stereotyping vocalization.
In sum, for this 2-year-old autistic child, it seemed that the
speech and movements of the robot were more attractive than
musical feature of the robot.

A 5.9-year-old child: he entered the room, immediately said
hello to the robot, the robot responded to the child immediately
after the child’s greeting. After that the child was walking
around the room, while occasionally glimpsing at the robot.
When the robot performed an action that was a movement, the
child saw the action and became so anxious and he left the
experiment room. It was probably due to the way this scenario
ran. With regard to the child’s early greeting which was to
initiate a communication, the scenario began very faster than
the pace which the child could deal with. The scenario started
with two different presentations (speech and movement) of the
robot one after another in the short period of time. In addition,
his parent explained that he had shown the same reaction due to
an experience with a natural parrot. His parents described that
once he wanted to take a picture with a big parrot, the parrot
had moved suddenly, and its movement has scared their child.
Additional observation cannot be provided because the child
left the room early.

A 2.6-year-old child: at first, he did not approach the robot,
but when he was encouraged by his mother for interaction with
robot, he went near the cage. Then after the robot started
talking, the child laughed and emotionally taped the cage, and
again laughed loudly after each of the robot’s actions. This
child could not speak, and already this child was shown no
vocalization, whereas in response to the robot’s verbal actions,
child began to vocalize. This was interesting and amazing for
his parent, because it was for the first time the boy started
vocalization.

Normal siblings of autistic children

A 2.6-year-old child: This child showed various reactions and
playful interactions. He approached the robot and looked at it.
Some features of the robot were funny for him. He responded
to the communication that was initiated by the robot by
answering to its questions. He responded to the robot when it
was calling his name. When the robot asked child a wrong
question, he repeated the question and then he laughed. After
that, he decided to annoy the robot, then turned on a fan, which
was in the room, and put it toward the parrot-like robot and
again started to laugh. He moved the cage and frapped it for
several times while he was laughing. This child during the
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session was moving and walking during the session, but showed
little attention to his father. He felt comfortable and secure. In
addition, he was attracted more to speech feature of the robot
rather than its movements (unlike autistic children).

A 5-year-old child: This child looked at the robot and was
fully attracted to the robot’s behaviors. With presentation of
each factor in the scenario, the child reacted joyfully and
showed referential look and shared attention to her mother. At
first the child showed inhibitory behaviors for approach or
responded verbally to the robot, but as the time passed and after
that her mother prompted her, she started to communicate with
the robot. This child remained near her mother. She pointed at
the robot’s eyes and said that its eyes sounds like a camera that
takes a picture, it is not alive! (Because when the robot blinked,
it was generating a sound that was similar to the shutter sound
that we hear while we take a picture with a camera). The robot
was attractive for the child and she spent time with it in a happy
mood, but finally, when the robot asked her if she likes to play
with the robot or whether she likes to play with a doll, the girl’s
response was doll. This point maybe shows that the robot needs
to be more attractive and it needs more variety in its actions,
stimulus and programs in order to be more popular among
normal children.

VL

This research demonstrates the development of an attractive
and friendly social robot platform that can be used in robot-
assisted autism screening and therapy. Currently the robot
prototype is ready to be used for clinical trials.

CONCLUSION AND FEATURE WORK

In this research, we focused on the issue of predictability of
humans’ behavior in response to the robot’s actions, which is
the advantage of using robots for therapeutic interactions
compared to humans. In the case of the autistic children, the
predictability is particularly challenging since it is not possible
to rely on anthropomorphism and empathic responses which
usually can make a robot interesting in the eyes of observers.

Since it is necessary to find out acceptability of the robot
among autistic children, and even among normal children, we
investigated the primary child-robot interaction in a few cases,
which include both normal and autistic children. The two
groups, i.e. normal and autistic children, showed interest in the
robot, but the few tested autistic children hesitated to approach
the robot and needed to be encouraged by their parents.
However, when they were accompanied by their parent(s), they
showed more interaction with the robot, but still with limited
behavioral repertoire and varieties. The normal children
engaged in triadic relation, i.e. child-parent-robot relation, as
children engaged their parent(s) in their new experience when
they saw the robot. This behavior was never seen in the autism
group.

One of the designed restrictions that we had in these tests
was the placement of the robot in its cage. It was intentional and
planned to avoid the robot being damaged by autistic children.
Consequently, it was impossible for the children to
communicate with the robot physically. In contrast, since the
robot was safe in the cage, the children could have a very close



interaction with it which is normally not allows in the
interaction with other robots used in similar studies.

Furthermore, since all of the autistic children are dependent
to visual processing the cage was placed on a desk to make it
easy for the children to access the robot and visually inspect it
at a very close distance.

It should be mentioned that we do not intend to replace the
human therapists by robots in a short term. Our goal is to
develop complementary system to help therapists to teach
autistic children. The reported observation and tests would be
used to design the appropriate program for communication in
autism group.

For our future work, we would consider the following areas.
As mentioned by the past researches, it is better to use structured
scenarios [18]. Our work was an unstructured one, because this
work was the primary study to gain more experience in HRI
without any prejudices.

We also tend to do more tests and increase our sample size
so that the comparison between autistic and normal people
become more reliable. Additional comparison is needed among
preferences of autistic and normal groups toward verbal or
motor stimulus, as well as between autistic children with high
and low functions in the items.

Finally, the platform should be fully developed based on the
results gathered from the trials. Furthermore, the outcome of the
trials will also help us to explore the role of the robot as a
mediator. The final prototype will have more applications such
as autonomous operating mode and diagnosis of autism based
on voice processing. In autonomous operating mode, the robot
will perform operations such as giving predefined orders to the
child and observe the child’s behavior to see whether the child
has obeyed the order or not. Having more cameras in the robot’s
eyes and analyzing the video streams can help in the evaluation
of the eye contacts and the general affects of the children.
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