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Abstract. The Inrobics Rehab platform aims to apply Social Assistive
Robotics into rehabilitation and stimulation processes, using a social
robot as a co-therapist in rehabilitation sessions configured by a clini-
cal expert. The platform is composed of different exercises and games
where the robot asks the patient to perform different poses and checks
whether they are doing them correctly using a 3D sensor. In this paper
we propose to extend the architecture of the platform by using as an
additional element, a tablet, increasing its interaction capabilities and
permitting a wider variety of games and exercises, including cognitive
activities. We present how the architecture has been modified to include
this new component in different robotic platforms and evaluate it with
two new games that use the tablet, describing how this new paradigm of
interaction affects the flow of the therapy session.

Keywords: Social Assistive Robotics - Cognitive Rehabilitation - Con-
trol Architecture - Human-Robot Interaction.

1 Introduction

Socially Assistive Robotics (SAR) is born from the intersection between Social
Robotics and Assistive Robotics, where a robot helps a user through the execu-
tion of a task by means of social interaction [4]. The Inrobics Rehab platform was
conceived as a way to apply SAR to rehabilitation, where a social assistive robot
performs as a co-therapist in an autonomous way [16]. The platform integrates
a robot, a 3D sensor, a control architecture based on Automated Planning (AP)
and an android application where therapists can configure and execute sessions.
As it is designed, the platform is independent of the robot used, so it can be
deployed with any humanoid robot. Currently, the software has been fully inte-
grated with the NAO E| and Peppetﬂ robots from Aldebaran Robotics, as well as
with a virtual agent representing the NAO robotl’}

3 https://www.aldebaran.com/en/nao

4 https://www.aldebaran.com/en/pepper

® https://drive.google.com/file/d/1L-BQEiyuWcYQ1Fa4Tthybk3zkJDnz8nZ/view?
usp=drive_link
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The platform consists on several exercises and games, where the patient is
asked to perform different tasks, such as upper limb strength training, activities
of daily living or symbolic association. Even if the main goal of the exercises
and the difficulty and focus of the poses are different, most activities follow
roughly the same flow: after an explanation of the exercise, the robot presents
each routine that can be a pose or a sequence of poses, and which is then checked
by the 3D sensor to see if the patient executed it correctly. After the check is
finished, positive or encouraging feedback is offered by the robot.

In this paper we propose a new interaction paradigm for the platform, us-
ing the application not only for session configuration and control but also to
play games with the robot during the session. In the case of robots with an
integrated tablet such as the Pepper robot, the game will be played using that
tablet instead of the separate device needed for the configuration. This new form
of interaction requires a new element, the tablet, to be integrated in the existing
control architecture of the platform.

To validate the new paradigm, two new use cases have been implemented
as two new tablet games that have been added to the game catalogue of the
Inrobics Rehab platform. These two use cases aim to help therapists perform
cognitive rehabilitation with patients. In this paper we describe the two new use
cases and how they are executed in a therapy session with the updated control
architecture, demonstrating a correct performance and an open set of interaction
possibilities.

In the following sections we present the current control architecture of the
platform and how the tablet can be added as a new component to it. We also de-
scribe the two new games and how they are executed in a robot-assisted therapy
session with the Inrobics Rehab platform.

2 Background

The Inrobics Rehab platform was born from the NAOTHERAPIST project [15],
where they used the NAO robot for upper-limb rehabilitation using a pose mir-
roring game. The robot is capable of carrying out the therapy session completely
autonomously by means of the control architecture MLARAS (Multi-layered ar-
chitecture for Autonomous Systems) [7].

The MLARAS architecture integrates planning, execution, monitoring, replan-
ning and learning in different layers of information abstraction. In the Inrobics
Rehab platform two layers of abstraction are used: a high-level layer for delib-
eration and a low-level layer for the information that the robot and the rest of
elements of the architecture such as the 3D sensor can directly work with.

The high-level deliberation is performed using Automated Planning (AP) [6],
an Artificial Intelligence technique which consists of obtaining a plan from a given
initial state into a state where a set of goals defined are achieved, by applying
deterministic actions. Formally, a classical planning task can be defined as a tuple
IT = (S, A,I,G), where S is the set of states defined as predicates, A is the set of
actions, I C S defines the initial state and G C S specifies the goals to achieve.
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Actions a € A are tuples {pre,,add,,del,}. For a; to be applicable in a state
s; € S, pre(a;) C s; and s; 41 = s; Uadd(a) \ del(a). A plan m = {a1,a2,...,a,}
is a solution of IT if it is applicable in I and results in a state s, such as G C s,,.

Classical automated planning assumes that an action’s effects are determin-
istic and always known, without any external events interrupting the plan. How-
ever, in real environments such as the clinical environment with real patients
where the NAOTherapist project operates, actions may fail so the expected
state can change and the original plan may no longer be viable. Although there
are AP paradigms that consider non-deterministic actions, a common approach
is to tackle the inherent world uncertainty by replanning; if the state changes
and the plan cannot longer be applied, a new plan is created from the current
state [19].

The planning, replanning and monitoring of the plan is handled by the De-
cision Support and Monitoring modules, as shown in Figure [I] which use the
standard Planning Domain Definition Language (PDDL) [13] to define the do-
main (actions and predicates) and problems (initial state and goals) needed for
the planner. The planner used to solve the problems is the Metric-FF planner

Fig. 1: MLARAS control architecture
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The high-level PDDL actions obtained for the plan are sent to the Executive
component, which performs the translation to the low-level execution layer using
the high to low module. The low level actions are sent to the actuators of the
architecture, which in the Inrobics Rehab platform are the robot and the 3D
sensor. These components also act as sensors and send the Executive component
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their low-level state, which is translated to high-level PDDL predicates using the
low to high module. The monitoring component checks that the state received
matches the expected state, and triggers a replanning otherwise.

This architecture allows the Inrobics Rehab platform to function fully au-
tonomously, once the therapist has configured the session, from where an initial
plan can be generated. However, the only external elements that it connects to
the high-level deliberation layer are the robot and the 3D sensor, so in the next
section we will present how the architecture can be expanded by adding a tablet
as a new element.

3 Control architecture

As described in the previous session, the control architecture used by the Inrobics
Rehab platform [7] divides the execution among several components, where the
Executive component centralizes the information received from the rest of the
components to control the therapy session. It reasons mainly with the actions
to execute and the state of the session and containing the High to Low and Low
to High sub-modules.

In Figure 2| a simplified picture of the control architecture is shown, omitting
the modules necessary for the translation of the layers, with the main addition
from this paper, the tablet application, as a new component. This new compo-
nent connects to the architecture through the Executive component, in the same
way as the Vision and Robot components, which use the Zeroc Ice framework ﬂ

Fig. 2: Instance of control architecture with NAO
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The Executive component receives the high-level actions from the delibera-
tion layer, using the High to Low module to decompose them to low-level com-
mands. Each high-level action can be decomposed into several sets of commands
that can be executed in parallel, and every set of parallel commands will be exe-
cuted in sequence, with a translation language definition [§] similar to Behavior
Trees [1].

These commands are sent to the rest of the components in the architecture to
execute. As shown, the actuators of the architecture are now the robot, the 3D
sensor and the tablet, so every command has to be sent to one of these devices
(actiong for the robot, actiony for the sensor and actionr for the tablet). The
robot would for instance get commands indicating what to do or what to say,
the 3D sensor would get the commands to check a routine or the tablet would
get a command to show a specific interface.

Likewise, all these components of the architecture would send the information
of their state to the Executive component (stater, statey and stater), such
as the status of the robot (its battery, temperature level, execution status...),
whether the patient is in front of the sensor or not or whether the patient has
chosen the correct option on the tablet. This information is converted from a
low-level state to high-level PDDL predicates that the Monitoring and Decision
Support modules can reason with using the Low to High module.

In Figure [2], the architecture was shown with the tablet as a separate device,
which would be the case in robots with no tablet integrated. In the Pepper
robot and similar, the architecture would be the one shown in Figure 3, where
the actions related to the execution of the tablet (actiony) would also be sent to
the robot instead of a separate device. In the same way, the state of the tablet
(stater) will be sent from the robot to the Executive component to reason with.
Therefore, the only change needed is in the Executive component, which needs to
know the type of devices connected to perform the communications accurately.

4 Use cases

The games included in the Inrobics Rehab platform all make use the 3D sensor
to compare the poses done by the patient against the expected ones. This allows
to have a wide rage of games and exercises to improve different capabilities of the
patient such as their range of joint motion, their proprioception (their ability to
know where each of their body parts is), their attention span or their memory,
among others. Still all the exercises require physical movement, which can be
limiting when defining new games to work more specific capabilities.

To increase the catalogue of the platform in this paper we propose a new
paradigm of interaction, where instead of using the 3D sensor to allow the robot
to offer feedback and guide the session, the main interaction between the patient
and the robot is done through a tablet application, which has been added to the
control architecture as described in the previous section. The 3D sensor will still
be used so that the architecture knows that the patient is still in front of the
robot and the session can continue as normal.
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Fig. 3: Instance of control architecture with Pepper
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This new paradigm would also introduce a change of scenario in the new
games. Normally the patient would be standing or sitting about 1.5 meters in
front of the robot and the sensor, with their arms free to do any movement. When
introducing the tablet as an interaction device in the therapy session, depending
on which robot is being used the change of scenario would be different. As shown
in Figure [d] the patient will have to get closer to the robot in the case of robots
with integrated tablets such as Pepper, so that they can comfortably reach the
device. In the case of robots without tablets such as NAO, the patient will be
handed an external device to play the games, but keeping the same distance and
position regarding the robot.

In this paper we propose two new games which make use of the tablet to
interact with the robot and which will be integrated in the catalogue of the
platform. The design of the use cases was done with the aid of the clinical
advisor of Inrobics, an occupational therapist.

— The Gaps game consists on several sentences shown to the patient, which
contain a gap to be filled. Every time a new sentence is shown the robot will
read it aloud. The patient has to choose the correct word that fits the context
of the sentence out of three options. If the patient chooses the correct option
the robot will congratulate them; if not, the robot will offer the correct choice.
If the patient takes too much time to answer, the robot will offer help by
reading the sentence with the different options. This game aims to improve
the vocabulary of the patient for patients with cognitive impairment.

— Colors is a memory game where the robot shows a sequence of colors with
its eyes, which the patient has to remember and then repeat on the tablet.
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Fig. 4: Use case scenarios

(a) Gaps game with Pepper (b) Colors game with NAO

The sequence is increased each turn until a maximum number of colors is
reached or the patient makes three mistakes. If the patient gets a sequence
wrong, the robot will repeat it, giving them another chance to get it correct.
If they take too long to input the sequence, the robot will give some clues
about the next color. Patients of every age can be benefited from this game.

Therefore, in both use cases, interaction with the user is performed both with
the robot and with the tablet, maintaining the social connection of the robot
with the user that is key in social assistive robotics.

5 Session flow

As the catalogue of games of the platform has increased, a therapist will now
be able to schedule tablet games alongside games that require the 3D sensor
for a rehabilitation session. The typical flow of a robot-assisted therapy session
with the Inrobics Rehab platform is shown in Figure [5| where after starting the
session and welcoming the patient, each exergame is executed sequentially, first
introducing and explaining the concept and what the patient and the robot will
do.

Each exergame executed in the session is composed of routines, which pre-
viously were exclusively sequence of poses. The robot executes the routine to
show the patient, and then the system checked them using the 3D sensor. If the
routine is performed correctly the robot congratulates the patient and passes on
to the next routine. If on the other hand the patient fails to execute the routine
the robot offers corrective feedback. There is a maximum number of attempts
per routine, if it is reached, the robot will skip the routine and continue the
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Fig.5: Flow of a therapy session
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session. After finishing all exergames the robot will dance with the patient as a
reward and say goodbye.

For the new two games the definition of routine has been broadened, instead
of being a sequence of poses, a routine is defined as the atomic element of an
exergame which can be executed and checked. In the gaps game, each sentence
shown to the patient with a gap to be filled is a routine, where checking that
routine consists on comparing the option chosen by the patient with the correct
option. On the other hand. in the colors game each turn where the robot shows
the sequence of colors to the patient is a routine. The first routine consists
of only one color but each subsequent routine a new color is added. To check
the routine the sequence input by the patient on the tablet is compared to the
sequence shown.

The actions shown in Figure [5| roughly match the high-level actions defined
in the PDDL domain, allowing to reuse this domain for all the games in the
platform. The main changes between different games are therefore the routines
and other parameters such as the number of attempts allowed for each routine.
To generalize this domain the high to low decomposition of the control archi-
tecture is used, implementing a different set of low-level actions for the same
high-level action depending on the context of the session. An example of this
decomposition is shown in Figure[7] where the execution of a routine of the Gaps
game, consisting of showing the sentence and reading it aloud, is shown. Each
action can be executed by a different part of the control architecture, be it the
robot or the tablet, as described in section [3| A wider description of language
used in the High to Low module in MLARAS can be found in [§]).



Tablet Games for Rehabilitation 9

High: execute-routine(routine, exergame), $exergame is gaps
Lows: saySpeechRoutine(routine)
setInterface("gaps_sentence", routine)

Fig. 6: High to Low declaration of high-level action

If: $tablet_result < O
delete(correct-routine $routine_to_check, state_pddl)

Fig. 7: High to Low declaration of high-level action

6 Execution

To verify the correct implementation of the system and the new games, we
have carried out several trials in a controlled laboratory environment, using
the Inrobics application to configure therapy sessions with the two games. The
validation was purely technical, checking that the flow of the session is correct
and the platform works in the different situations that can arise. In this validation
participated the clinical advisor of Inrobics, who checked that the interaction
with the robot is suitable for patients.

6.1 Colors

To configure the Colors game the therapist will have to define the maximum
number of colors the sequence will reach and the difficulty of the game, between
two or four possible colors, as shown in Figure

The flow of this game consists on the patient first looking at the robot to
concentrate on the colors being shown with its eyes and then using the tablet
to input the colors. To guide the patient in this interaction, the robot indicates
when to look at it and when it is the turn of the patient to play, with the help
of the tablet interfaces. When the patient inputs the colors, the tablet will give
sound feedback to each touch, indicating whether the color touched was correct
or incorrect.

If the patient makes a mistake, thar architecture triggers a replanning and
the robot offers a new opportunity, repeating the sequence. There are two ways
to end the game: if the patient makes three mistakes, in which case the robot
gives encouraging feedback and comment on the number of colors reached; or if
otherwise the patient reaches the maximum number of colors, in which case the
robot comments on it and congratulates them.

The other case that can occur in execution is that the patient does not
interact with the tablet or touch any color. In this case the robot can give clues
about the next color, and if a timeout is reached, it will be considered a mistake
and it will repeat the sequence.
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Fig.8: Colors game interfaces
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6.2 Gaps

For the Gaps game, therapists will be able to define the number of sentences
that the patient will have to solve and the topics to include in the sentences (for
example animals, food, colors...).

Fig. 9: Gaps game interfaces
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The flow of this game is simpler, as it only consists on the robot reading the
sentence aloud as it is shown on the tablet. When the patient chooses an option,
a sound feedback will be given to the patient, the robot will congratulate them or
show them the correct option while the interface shows the result too, as shown
in Figure 9] The game ends when the patient has answered all questions.
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As in the Colors game, there is a time limit for the patient to answer. If they
take too long to answer, the robot tries to help them by reading the sentence
with the different possibilities.

6.3 Replanning events

During the execution of the games we have also considered two possible external
events that can interrupt the session and therefore will trigger a replanning event:

— Lost connection with the tablet: In the case of using a external device to play
the games, the architecture could lose connection with it, for example if it
has no battery and it gets turned off. In this case the robot will interrupt the
session to try to reconnect. In the case it manages to reestablish connection,
it will resume the session repeating the routine which was interrupted. If
after three retries it does no manage to connect, the robot will skip the
game and continue the session.

— Patient leaves the training zone: If the sensor does not detect the patient in
front of it and the robot, it will notify the architecture. When replanning,
the robot will ask the patient where they are and if they can get in front of
the robot. When the patient is found, the session will continue as normal.

There can be many other situations in which a replanning could be necessary,
such as the robot needing to charge, overheating or falling down. For each of these
situations the robot will inform its state to the architecture, which will launch
the recovery actions needed after replanning.

7 Related Work

Social Assistive Robotics show great potential in therapy and rehabilitation.
They have many different applications with children such as post-stroke reha-
bilitation [12], rehabilitation for cerebral palsy [I1] or therapy for children with
autism [5]. They are shown to increase engagement and therapy adherence, as
well as improving the emotional state of the patients. There is also research into
applying SAR for the care of the elderly population. They have been used as
exercise coaches [3] and companions [2], among others.

While a lot of use cases for this technology focus on physical training where
the robot acts as a coach showing the exercises, there are also several studies
that look into the applications of SAR for memory training [I0] and cognitive
rehabilitation [I4]. Language training for patients with language impairment is
also one of the uses that have been studied for social robots [I7], which can also
act as teacher assistants for language learning [I8].

8 Conclusions and Future Work

In this paper we have have augmented the capacities of the control architecture
of the Inrobics Rehab platform to include the control of a tablet and its interfaces
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during the therapy session. To make use of this new addition we have increased
the game catalogue of the Inrobics Rehab platform with two new games: Colors
and Gaps, both of which need a tablet to be played. We have described how
the typical scenario of the Inrobics robot-assisted therapy can be adapted to
the execution of these new games and how they behave in a real world therapy
session with the Inrobics Rehab platform.

As future work, the new games implemented should be verified for their use
with real users, patients that can benefit from the Inrobics Rehab platform. Both
games are suitable for populations of all ages with cognitive impairment, so these
several usability studies could be done with different populations to evaluate the
impact the games can have in their rehabilitation process and daily lives. Apart
from the clinical validation of the exercises implemented, an accessibility study
could be done, specially with the elderly population, to evaluate if the interaction
is appropriate for users that can have sensory difficulties such as being hard of
hearing.

In general, the addition to the control architecture presented in this paper
shows great potential for creating many new games to increase the catalogue of
the Inrobics Rehab platform, improving its capacity to aid patients of all ages
and clinical diagnostics.
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