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Toward AI-Enabled Commercial Telepresence Robots
to Combine Home Care Needs and Affordability
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Abstract— As life expectancy increases, social and health
assistance requires sustainable and affordable solutions possibly
usable from one’s own domestic environment. In this article,
we propose a transformer-based approach combined with a
task-planning system and enhanced with AI sub-modules to
run on low-cost telepresence robots in order to support more
advanced and autonomous assistance services. The proposed
system allows to dynamically generate and adapt in autonomy
heterogeneous robotic actions according to the information
emerged during the interaction. The Al-enhanced telepresence
robot was assessed in an unstructured domestic environment
by 10 users. The results show an accuracy of more than
95% in the expected robot’s functioning. The participants
judged the system efficient, useful and intuitive, and showed
a positive inclination to re-use the robot in the future. Such
outcomes derive both from a proper coordination among the
heterogeneous AI sub-modules in the system and from the fast
capability to frequently co-adapt the interaction.

I. INTRODUCTION

In 2022, people aged 65 years or over globally reached
771 million. The older population is projected to reach 994
million by 2030 and 1.6 billion by 2050 [1]. As life ex-
pectancy increases, there is a growing necessity and pressure
to establish universal and effective health and social care
systems that can foster ageing in place, as intended by the
U.S. Centers for Disease Control and Prevention like “the
ability to live in one’s own home and community safely,
independently, and comfortably, regardless of age, income,
or ability level”. Providing efficient and cost-effective home-
care services will require major changes in the current ways
of monitoring and delivering care services to recipients.

Research on robot-based home-care systems has shown
that assistive and companion robots are promising tools to
monitor, entertain, and prevent risky situations for older
people [2], [3] as well as to support caregivers and healthcare
professionals [4], [5]. Among them, telepresence robots ap-
pear to be more effective than other communication devices
to allow people to virtually interact with others in several
scenarios ranging from the remote education [6], to facilitate
the museum visits [7], from older people assistance [8]—[10]
to patients’ support during COVID-19 pandemic [5], [11].

Although robotic platforms have advanced significantly
[12], the services offered off-the-shelf for commercial telep-
resence robots remain quite limited to basic telepresence
functions, such as bi-directional audio and video streaming
and remote teleoperation capabilities, with few if any features
based on the robot’s autonomy. Additionally, customization
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possibilities are very scarce and mostly related to robot’s
features such as speed, color, height, camera inclination,
rather than to the delivered services. This limitation makes
the telepresence robots partially useful and not fully ex-
ploitable in the long-term, for instance, in the perspective of
ageing in place. Furthermore, in this teleoperated modality,
telepresence robots can surely help reduce some of the
stress and mental distress experienced by caregivers [13],
but a complete relief is unlikely to be achieved as the
operator is engaged in the dual task of focusing on reactive
handling of the robot while monitoring the older person. In
addition, interacting with a person by manually maneuvering
a robot could be difficult due to possible delays in the
communication, especially for those who are not familiar.

The lack of effective functionalities might also affect the
acceptability of keeping robots in the domestic environment
by people in the long term. Indeed, people usually have
high expectations about the capabilities of social robots that
are expected to exhibit intelligent and adaptive behaviors
according to the specific context. Therefore, robots that are
not able to act as humans expect will be shelved in a corner
as soon as their users are no longer motivated to use them.

The purpose of this letter is to propose a transformer-
based method combined with task-planning and enhanced
with Al sub-modules to support user’s adaptive and au-
tonomous assistance services into a low-cost commercial
telepresence robot with limited computational resources.
To deal with hardware limitations, the system has been
properly designed focusing on advanced Al-based techniques
with a threefold aim: a) enhancing the functionalities of a
commercial telepresence robot to allow health monitoring
and social interaction at home also when a caregiver is not
present, as a complement of “traditional” assistive services;
b) enabling the robot to generate heterogeneous actions in
autonomy that are “context aware” without using fixed and
rigid rules; c) dynamically adapting the interaction according
to the situation by exploiting the information acquired and
elaborated in real-time.

This letter also evaluates the functioning, robustness and
user experience of the proposed Al-driven services developed
inside a three-tier architecture into ROS and tested on a com-
mercial robot in a domestic and unstructured environment.

II. BACKGROUND & MOTIVATION

Telepresence has been widely validated both in the lab
and home settings. Several research projects investigated
the potential of such devices for remotely monitoring older
people and cross cultural investigations revealed a positive
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impact on users’ perception as a support of independent liv-
ing [8], [14]-[16], including GiraffPlus', SYMPARTNER?,
ExCITE?. These platforms have benefited both older people,
and their families. In the first case, by reducing social
isolation thanks to a more interactive communication with
respect to phone; in the second, relatives have felt more
involved and reassured by the possibility of caring their
beloved ones saving travel time but still enjoying their
presence while connected [4]. In some cases, such robots
have reduced the effort of the formal caregivers as well [4],
especially after a proper training [17]. This work investigates
a possible solution for endowing an affordable commercial
telepresence robot with autonomous capabilities in order to
enable social and health care continuity even in case of
absence of caregiver who remotely teleoperates the platform.

Previous proposals for using robotic assistive prototypes
beyond the pure telepresence come from projects like SER-
ROGA*, RAMCIPR® and SYMPARTNER? [18], [19], where
robotic platforms are proposed for older people who experi-
ence mild cognitive impairments and/or dementia. Although
they represent a big step forward in assistive robotics in
uncontrolled situations, these projects exploit custom service
robots relying on advanced, robust, but expensive hardware
and sensors. In fact, despite the scientific advancements,
such platforms appear unaffordable to be adopted in sev-
eral residential environments [20]. This work proposes to
consider low cost commercial robots and to enable them
to autonomously choose personalised and contextualized
actions, without using logic rules to describe the interaction.
The exponential number of unpredictable situations, indeed,
makes it challenging to scale smoothly when formulating
robot behaviors using handwritten rules. To face these chal-
lenges, a transformer-based approach is proposed which is
then combined with a task-planner and enhanced with several
Al sub-modules. This allows to generalize robot’s actions
starting from stories (e.g., human-understandable sequences
of events and actions) thus relieving the programmer from
hard-coding all the possible interactions. Thanks to the use
of high-level concepts, such stories can also be easily defined
by people without a technical background.

Another important point is associated with the person-
alization and the adaptation of the interaction that which
is paramount for acceptance of robots [21]-[23]. Previous
studies about telepresence mainly focus on the adaptation of
the navigation and robot’s motion (person search, detection
of a fallen person, reaching a goal, etc.). This work, instead,
focuses on the dynamic personalisation of interaction during
cognitive and physical stimulation and dialogue consequently
re-adapting the robot’s activities (e.g., duration, robot’s feed-
back, robot’s dialogue, etc.) conforming to the detected state
of both the person and the environment. Differently from
other approaches that provide pre-model describing user
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preferences and habits, herein, the robot automatically infers
information only by talking to people via an initial short
familiarization phase.

In summary, the letter aims to investigate the following

research questions (RQ):

« RQ1) Is it feasible to enhance a commercial telepres-
ence robot with Al-based services for supporting people
at home and personalise the interaction online without
providing any user information in advance?

« RQ2) Are the proposed services robust and able to
re-adapt according to the context when running on
a commercial telepresence robot in a domestic and
unstructured environment?

« RQ3) Does the interaction with the telepresence robot
endowed with the proposed Al-based services have a
positive impact in the subjective perception of the users?

The contribution of this letter is the concretization and
implementation of the transformer-based three-tier architec-
ture, originally formalized in our previous work [24], into a
low-computational powered commercial telepresence robot
to provide cognitive and physical exercises, reminders, and
dialogue. The proposed architecture and the implemented
services were tested with a feasibility study involving a group
of participants out-of-the-lab.

III. AN AUTONOMOUS AND PERSONALISED SYSTEM FOR
ACTIVE AND HEALTHY AGEING

A. The Commercial Telepresence Robot

The platform is Ohmni® (Fig. 1a), a commercial mobile
robot endowed with two RGB cameras (2MP as resolution,
3.0 micron as pixel dimension, and 5865 x 3276 um as
sensor’s dimension) and a 2D lidar (Rplidar Al: 360 °, 12
m range, 1 °as angular resolution). This choice has a three-
fold motivation. First, it is suitable for domestic telepresence
because of its low cost in the perspective to be affordable.
Second, it does not require much space (i.e., footprint: 35.30
x 43.70 cm, height: 142 cm, folding in half) and is easily
transportable. Third, it is interesting from the technical point
of view, given the technological challenge of transferring
advanced Al services beyond pure telepresence on a robot
with limited computational resources. Ohmni has a 4 cores
Intel Atom x5 z8350 processor with 1.92 GHz, 2 GB of
DDR3L memory, and no GPGPU.

B. Al-Driven Services for Personalising the Interaction

This work focuses on services for fostering active ageing.
Specifically, the robot acts as a coach that in autonomy can:
a) suggest cognitive and physical exercises; b) guide people
providing instructions and encouragements during the execu-
tion of the task; c) provide customized feedback according to
their real-time performance. Furthermore, given the need to
retain sharp people’s memory as emerged in previous studies
[18], [19], [22], the robot can set personalised reminders via
voice interaction. Finally, the telepresence robot acts as a
companion to engage the person in a conversation.

Shttps://ohmnilabs.com

IEEE Robotics and Automation Letters (RA-L) paper, presented at ICRA 2024, Yokohama, Japan. Cite as RA-L paper.



IEEE Robotics and Automation Letters (RA-L) paper, presented at ICRA 2024, Yokohama, Japan. Cite as RA-L paper.

] c)
Idle

Services

Interacties I I I

Talking

Listening

nis}

) T -

Sensing Tier

Control Tier
{skills)

Positive

Negative Sensors
bririgup
Enwironment

(o Dvembeie
—
=

(d)

Fami ive exercise

i

liarization phase Cognit
gl Ll y

Fig. 1: (a) The commercial robotic platform used in this study. (b) The feedback displayed in the robot’s screen. (c) The
three-tier architecture behind our system. (d) The proposed Al-driven services tested in the domestic environment.

In order to realize the mentioned services the following
requirements and challenges have been considered: a) to
create a “ready to use” system which, thanks to an initial
brief familiarization phase, dynamically collects information
about the user to personalize the interaction; b) to effi-
ciently and autonomously generate intelligent and adapt-
able behaviors, capable of running smoothly even on low-
performance hardware; c) to simplify the characterization of
the interactions, by relying on machine learning techniques,
while maintaining a good control of the robot’s behaviors
(i.e., avoiding inconsistent actions). Indeed, it is plausible to
hypothesise that the absence of personalised and automated
robot’s behaviors in the current commercial telepresence
platforms is also associated. This work extends the concept
of stories, namely a data representation typically used to train
conversational agents to generalize unseen conversations as
inside Rasa’. An advantage of using stories consists of
enclosing the possible user conversations by expressing high-
level concepts without specifying the specific contexts. In
particular, a story is characterized by intents, entities and
actions. The first ones represent the intention of the user
(e.g., greetings); the second ones allows including additional
information characterising the user message (e.g., location:
“Rome”); the third express what the robot has to do in-
cluding its answers (e.g., utter_italian_greetings). Such data
are provided in input to a classifier that learns to associate
unknown sentences with the same intents provided in input
during the training. The work relies on the Dual Intent
and Entity Transformer (DIET) [25], a modular transformer
architecture, available inside Rasa, that allows performing
both intent classification and entity recognition from expres-
sions in natural language. This aspect is correlated to the
second strength of the approach, namely the flexibility and
intuitiveness in creating the training dataset. Indeed, it is
possible to easily generate sfories by a non-programmer (e.g.,
domain expert) since intent, entities, and actions are typically
expressed with high-level keywords.

"https://rasa.com/

Differently from previous systems, this work exploits
stories to manage and generalise not only conversations but
all possible robot’s behaviors, from robot’s utterances to the
feedback provided to the user via a dynamic interface in its
tablet (Fig. 1b), from the generation of the assistive tasks in
line with the current status of users to the robot’s motions.
Therefore, the examined tasks are consequently formulated
- cognitive and physical exercises, dialogues, reminders - in
terms of intents, entities and actions according to specific
features of the users and the interaction like the personality,
the positive and negative performance, successful/fallacious
interaction (e.g., misunderstanding in the user’s answers,
etc.)®. Finally, the learned model is applied as a policy
m(s) = a that allows determining the next robot’s actions
a from the state of the system s. Additionally, the learned
policy is combined with a task-planner inside a three-tier ar-
chitecture described in the next section, that determines when
co-adapting the robot’s actions according to the evolution
of the interaction. Indeed, the mutual interplay between an
efficient task-planner and the learned policy based on stories
allows to dynamically adapt the interaction: the first chooses
the high-level robot’s actions, the second characterises them
based on the acquired status of the person and environment.

C. A ROS-Based Three-Tier Architecture to Generate Au-
tonomous Robot’s Behaviours

To enable autonomous robot’s behaviors, the following
three requirements have been considered: a) to plan a se-
quence of robot’s tasks which, if executed, leads to goals
achievement (goal-oriented behaviors); b) to quickly and
dynamically adapt the planned tasks according to the context
(e.g., due to failures, necessity to modify the duration of a
task, cancel a task, add a new task); c) to perceive the context
and to react to the changes which dynamically arise from the
environment and the user, regardless of deliberation times
(e.g., while planning or while adapting the plan). Inspired

8Please refer to the implementation for the complete list at https:
//github.com/pstlab/sir_telepresence
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by the classical robotics [26], the proposed services were
implemented inside a three-tier architecture that reflects such
a prerequisite of thinking slow - thinking fast inside its
structure [24], [27]. Specifically, it is composed of:

o a deliberative tier responsible for the generation, exe-
cution and dynamic adaptation of plans using seman-
tic/causal reasoning;

e a sequencing tier executing reactive and adaptable ac-
tions determined by the learned policy 7 (s) based on
the state of the system (see Section III-B).

e a controlling tier in charge of converting the actions
provided by the sequencer tier into low-level commands
for the robot’s actuators.

Fig. 1c shows the architecture of the system. Note that
the advantages are manifold. The goals, in particular, are
not entered directly into the system, but generated by the
sequencing tier, which has the possibility of agreeing on
them with the user, possibly requesting further information
for their definition (and therefore carefully customizing the
interaction) or, if desired, even denying them. The planned
activities, aimed at achieving the generated objective, then,
enter into the sequencing tier which, based on the dynamic
evolution, can accept or, if needed, reject them, requiring
further dynamic adjustments to the executing plan. Addi-
tionally, accepted activities represent one of the elements
of the context that defines the interaction, allowing the
sequencing tier to disambiguate user input based on the
currently executing activity but also on previous interactions.
The deliberative-tier relies on a timeline-based planner,
which can run on under performing hardware thanks to
implemented heuristics for efficient solution generation [28]
and its ability to dynamically adjust plans during execution
[29]. Finally, all the three layers are implemented inside
Robot Operating System (ROS)° - the standard de facto in
robotics - to exploit the modularity and the efficient com-
munication infrastructure provided by the middleware. Using
ROS on the commercial telepresence robot is not common. In
this light, the choice was also taken in order to facilitate the
reproducibility of the system on other robotic platforms. To
support ROS on Ohmni based on Android, specific wrappers
were created for interfacing with the low-level libraries and
actuators provided by the robot’s producer via Docker'?. To
detect the execution of the physical exercises, the skeleton
of the person detected from the robot’s camera is processed
and the pose variation of the joints is analysed. With regard
to the cognitive exercises, the robot interacts with the user
via dialogue. Instead, the reminder can be set in a hybrid
way using the GUI on the robot and the voice interaction.

IV. EXPERIMENT

Based on the architecture in Section III-C, we devel-
oped different services implemented on the commercial
platform Ohmni, while maintaining its original telepresence
functionality. A free dialogue service, cognitive exercises,

https://www.ros.org/
Onttps://www.docker.com/

physical exercises, and a reminder service were developed.
An experimental phase was conceived to assess the technical
robustness of the new functionalities, as well as the user
experience during the interaction.

A. Participants

This study involved 10 participants (48.40 4 12.64 years
old, four female). All participants voluntarily agreed to par-
ticipate in the study and signed a written informed consent in
accordance with the principles of the Declaration of Helsinki.

B. Investigated Metrics & Data Collection

Both performance and self-report metrics were considered.
The investigated metrics are: a) Accuracy, measured as
the number of expected robot’s interaction over the total
examined conditions; b) Robustness, in terms of system
failures; c) Responsiveness, measured as the time elapsed
between the current interaction and the next one; d) User
experience, measured through an ad hoc questionnaire aimed
at investigating aspects such as ease of use, expectations,
responsiveness, usefulness, efficiency and will to use the
robot in future. Table I lists the detailed questions.

TABLE I: Human-Robot Interaction ad hoc questionnaire.
On a 5-point Likert scale where 1= Completely disagree and
5= Completely agree.

Q1. It was easy to get the information I wanted from Ohmni

Q2. It was easy to understand Ohmni in this interaction

Q3. I knew what to say or what to do at each stage of the interaction

Q4. Ohmni behaved according to my expectations during this interaction

Q5. T believe that the rhythm maintained during the interaction was appropriate
Q6. Ohmni has often been slow to respond

Q7. Ohmni was efficient in performing the task

Q8. Ohmni was useful in administering the task

Q9. I would like to use the robot in this mode in the future to perform the task

The system saves a log and a bag file per task that
contain the information for the analyses. The examined data
were from the robot’s perception collected via onboard and
external sensors (e.g., camera, laser, IMU), the utterances
by the robot and the participants, the timings related to the
evolution of the interaction, the planning states, the number
of failures, the answers to the questionnaire. All the data
were collected, processed, and stored according to the GDPR
(Regulation EU 679/2016).

C. Experimental Protocol

After the introduction of the study and signing the consent
form, participants were involved in: a) a familiarization
phase composed of an emphatic dialogue based on the natu-
ral language processing, b) the execution of an illustrative
physical exercise (i.e., biceps curls with weights), c¢) the
execution of an exemplified cognitive exercise to train the
sustained auditory attention (i.e., count the occurrences of
a specific word in a list), d) the setting of a reminder
of their own choice (e.g., remember to take the medicine,
call the doctor, etc). The robot autonomously provided the
instructions for each sub-tasks and led the interaction by
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engaging the participant, contextualizing the situation based
on images from the frontal camera and the sounds from
microphones, providing feedback on the performances via
the graphical interface on the tablet (in Fig. 1b) and through
personalised dialogues. Except from phase a) which served
to build up some knowledge to personalise the subsequent in-
teractions, the order of the activities was randomised among
the participants to avoid introducing confounding factors and
they were established in agreement with the output from the
deliberative tier. It is worth highlighting, that, the transition
among the activities was also managed by the robot itself
according to the status of the interaction. Each activity had
no fixed duration since it depended on the evolution of
the interaction as well as the interval time between two
consecutive tasks. The user was required to confirm when
starting the next one by clicking on the graphical interface
on the tablet that appropriately changed according to the
context as mentioned before (in this case, at the end of each
task). This mechanism allows: a) to re-adapt in real-time
the planned tasks by extending the duration of the current
and the next activities, b) to avoid the intervention of the
experimenter that could bias the entire evaluation.

The experiment was conducted in one session (i.e., one
trial per task) in an ecological domestic environment rep-
resented in Fig. 1d, naturally affected by noise and low-
speed connection, where the enhanced telepresence robot
was free to operate without the intervention of the operator.
The user could freely choose where to place in front of
the robot. However, while performing the physical exercise,
participants were required to keep a distance of at least 1m
from the robot to guarantee the presence of the examined
human body parts in the field of view of the camera.

D. Hardware & Tools for the Experiment

Besides the robot, to assess the responsiveness in detecting
the repetitions based on the skeleton tracker during the
physical exercise, an Inertial Measurement Unit (IMU) was
used to compute offline the time needed by the implemented
service, that processes the keypoints of the shoulder, elbow,
and wrist for each arm and classifies the motion in two
main phases: “outstretched arms” and “bent arms” based
on the angles among these joints and the synchrony of the
arms, verifying the variation in the orientation measured by
the sensor. To this purpose, humans wore a non-invasive
wearable bracelet (Myo Armband for its ease of use and in-
tegration) during the physical exercise service. Furthermore,
the skeleton tracker applies Mediapipe'! given the possibility
to run it on devices with limited computation resources as the
selected telepresence robot. The text-to-speech and speech-
to-text exploit the Google services on the cloud.

V. RESULTS

All the participants completed all the tasks, but one of
them partially finished the reminder task because of robot’s
connectivity technical problems (i.e., independent from the

https://developers.google.com/mediapipe

developed services). The distribution of robot’s and partic-
ipants’ utterances can be seen in Fig. 2a. Focusing only
on the human-robot interaction, the experience lasted on
average 879.09s (i.e., 14 minutes and 39 seconds), which
are subdivided into the four examined tasks in Fig. 2b.
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Fig. 2: (a) Number of utterances during human-robot inter-
action. (b) The time distribution of each task.

A. Accuracy, Robustness & Responsiveness

Overall, the proposed Al-based services performed cor-
rectly as emerged from the very low percentage of failures in
Fig. 3 — below the 5% — during the whole interaction. This
result suggests that on the one side, the designed services
work in line with the expected robot’s behaviors (e.g., few
failures by the robot), on the other, they are intuitive for the
participants (e.g., few failures by humans).

Percentage of failures in

fal robot actions 1) human actions il stt service

0.0 0.0 0.0

Fig. 3: (a) Failures in the robot actions. (b) Failures in the
human actions. (c) Failures in the speech-to-text (stt) service.

In order to show the proper coordination and the execution
of heterogeneous sub-modules of the system, results are
presented on the physical exercise task using the IMU signals
along the three axes as reference. Specifically, the skeleton
tracker output is examined based on the robot’s camera
images; the detected repetitions with respect to the peaks in
the IMU signals are evaluated in the corresponding temporal
windows and the related vocal feedback provided by the
robot are examined. Fig. 4a shows an example of the resulted
association among the IMU signals peaks per axis (in blue),
the related detected repetitions based on the skeleton (green
dashed lines) and the robot’s vocal feedback (orange dot-
dashed lines). To evaluate the responsiveness of the system,
the following variables are computed: delays between the
execution of the movements from the IMU data, the detection
of the repetitions from the skeleton processing and the related
vocal notifications. Results are represented in Fig. 4c-d. It is
worth noting that the time difference between the execution
of the human repetition and its detection from the skeleton
is very short, namely on average 0.46 £0.62s as shown in
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Fig. 4: (a) Representation of the IMU signal and the repeti-
tions detected from the skeleton tracker (i.e., green dashed
lines) and the notification from the dialogue (i.e., orange dot-
dashed lines). (b) Example of a repetition from the skeleton
tracker side. (c¢) The time between the IMU and the skeleton
tracker detection of repetitions over subjects. (d) The time
between the IMU and the dialogue notification over subjects.

Fig. 4c. Instead, as it appeared in Fig. 4d, the text-to-speech
takes about 8 times longer than the skeleton processing be-
fore providing the vocal feedback. Since the vocal processing
is made on cloud, as mentioned in Section III-C, such a result
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Fig. 5: (a) The number of co-adaptations of the original plan
per each examined task. (b) Comparison of the times required
for planning the first time (e.g., at the beginning) vs. for co-
adapting the plan during the interaction.

is affected by the network speed that was on average 4.56
Mbps in download and 0.16 Mbps in upload'?.

B. Co-Adaptation of the Interaction over the Task

The evolution of the personalised interaction in terms
of plan co-adaptation over the task was also assessed. As
expected, the original plan and the schedule found at the
beginning are highly modified according to the participants’
answers and their performance in the exercises (e.g., contin-
uous co-adaptation) in Fig. 5a, even after the familiarization
phase. Considering this aspect and the necessity to guarantee
the coordination among the heterogeneous modules to avoid
introducing additional delays due to the re-synchronization of
the planner, it is worth highlighting that, the time required
by the system to co-adapt the plan represented in Fig. 5b
is extremely short (i.e., on average 5.20 & 3.40 x1073 s)
and significantly less compared to the creation of a new
plan from scratch considering the changes in the context.
The time-saving percentage in co-adapting the plan was
87.20%. This result confirms the advantage of having an
autonomous system that contextualizes the situation and
personalises the interaction proactively by re-exploiting the
computation made at the beginning with the introduction
of new constraints (e.g., temporal, add/remove sub-goals),
avoiding solving a new problem from scratch and/or involv-
ing an external operator to manually drive the robot.

C. User Experience Evaluation

Results on user experience are displayed in Fig. 6 showing
the average and the standard deviation for each item of the
questionnaire. In all three tasks, participants retrieved the
necessary information easily, understood the robot easily, and
knew what to say during the interaction, suggesting that the
proposed system is intuitive in each of the three experimented
services. Furthermore, in line with such results, the robot’s
behaviors in all the tasks matched the human’s expecta-
tions. Regarding responsiveness, some differences between
the three services can be noticed. Specifically, participants
consider the rhythm of the interaction to be more appropriate
during the physical exercise and the reminder setting than

2https://speed.measurementlab.net/
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Human evaluation from questionnaire

(a) Cognitive exercise Physical exercise  (c) Reminder
5 5
4 T 4
1 E i | i
@d""oo"o" oc"’ et “"“’c‘l” o‘&”’ooo""“"'
task Q6
cognitive | 4. 70 4. 90 4. 90 4. 80 3. 50 3.10 4. 70 4. 70 3. 70
exercise +0.46 | £0.30 | £0.30 | £0.40 | £1.11 | £1.45 | £0.46 | £0.46 | +=1.10
physical | 4.80 4.90 4.70 4.70 4.60 2.10 4.40 4.60 4.30
exercise | +0.40 | +£0.30 | £0.46 | £0.64 | £0.49 | £1.04 | £0.49 | £0.49 | +0.64
reminder 4.80 4.50 4.80 4.50 4.30 2.60 4.40 4.60 4.10
+0.40 | £0.92 | £04 | £1.20 | £1.19 | £1.62 | £1.20 | £091 | £1.30

Fig. 6: Results from the questionnaire related to (a) cognitive
exercise, (b) physical exercise, (c) reminder tasks. Mean and
standard deviation (Mean 4+ SD) are reported.

during the cognitive exercise. Coherently, the robot was
perceived as a bit slow while providing the cognitive exercise
than the two other tasks. However, overall, the robot was
considered efficient and useful (see scores from Q7 and QS).
Such results were verbally confirmed by some participants
at the end. Finally, participants appear to be well inclined
to re-use the robot in the future, especially for helping them
during physical exercises and reminders.

VI. DISCUSSION

This work proposes a transform-based method to en-
hance a commercial telepresence robot with a task-planner
and Al-based services for delivering personalised cognitive
and physical exercises, reminders, and interactive dialogue
without the need to necessarily exploit the teleoperation.
Interaction is managed by the robot that autonomously
proposes the examined tasks, acquires information to provide
personalised feedback without relying on a profile given in
advance and re-adapts its behaviors in real-time. The robot
was able not only to co-adapt the interaction dynamically
even after a short dialogue, but also to guarantee a good level
of robustness. Results reported in Section V-A demonstrated
that the total failures were very few. System performance
results are also confirmed by the self-report questionnaire:
participants considered definitely easy to understand the
robot and get information from it; they always knew what to
say during the interaction and judged the robot’s behaviour
plausible and efficient. Considering research question RQ1,
the accuracy suggests that it is possible to successfully
augment the capabilities of a commercial telepresence robot
with Al-based services. Beyond the correct functioning of
the system, responsiveness was also assessed that plays
an important role towards the acceptability. This aspect is
not trivial since the system required the coordination of
different modules running on a commercial telepresence
robot with limited resources and tested in a domestic scenario
with a low-speed connection. To facilitate the fulfillment
of the requirement, the system was deployed into a three-
tier architecture that includes the capability of thinking-slow
associated with cognitive reasoning based on heuristics and
thinking-fast to ensure quick adaptation. In addition, standard
and optimized communication infrastructure provided by

ROS was exploited, also with the intent to facilitate the
deployment of the system on other robotic platforms. To
analyse the coordination, physical exercise were considered
that requires the activation and synchronization of the largest
number of sub-modules and for which reference of the real
timings from the IMU signals acquired with an external
sensor were available. Fig. 4 shows the expected progress of
the interaction highlighting fast processing of the skeleton,
while the speech-to-text and text-to-speech required more
time. These observations are in line with expectations since
the first one runs onboard the robot, while the second need
access to the cloud. As emerged in other tests [17], this delay
is due to the network speed, which still represents one of
the main barriers to the regular use of such platforms [20].
To evaluate the suitability of the rhythms of the interaction,
opinions of participants were elicited. They judged the time
of the interaction as appropriate, especially for the physical
exercise. Nonetheless, it seems that there is a difference
among the tasks, in particular, the cognitive exercise resulted
more affected by the timings required by the speech-to-
text and fext-to-speech, probably because it is completely
administrated via dialogue.

The second key objective of this work was to enable the
robot to personalise and re-adapt the interaction according to
the specific situation. Anticipating all possible interactions
without the generalization capabilities of machine learning,
indeed, makes logic rule-based methods difficult to scale as
the number of interactions increases. To face this challenge,
in primis, an extension of use of stories was proposed for
handling all the robot’s actions, taking inspiration from the
approach behind Rasa, given the simplicity in generating data
to learn in natural language and the potentiality of classifying
unseen data to the same high-level intents by leaving out
the specific knowledge. A deliberative-tier was the included,
relying on timeline-based planning, that tries to adjust the
original plan to the situation by re-using the information
derived from the first planning without the necessity to re-
plan every time from scratch. Indeed, as emerged in Fig.
5, there are several factors influencing the interactions that
require to modify the initial plan very frequently. As for
research question RQ2, the system revealed to tolerate a
reiterated number of re-planning that allows a continuous
and successful adaptation made in autonomy by the system
thanks to the fast re-planning based on the computations from
the previous planning. Finally, RQ3 is focused on the user
experience. Overall, the results from questionnaires in Fig. 6
show a positive experience. Participants recognized the utility
of the system and manifested the will to re-use the robot.

VII. CONCLUSION & FUTURE WORKS

This work faces the technological challenge of supporting
advanced and affordable active-ageing services as a com-
plement to those offered via the traditional social-health
system on a commercial telepresence robot with limited
computational resources in a domestic environment. From
the scientific point view, it showed that the mutual cooper-
ation between a task-planner based on heuristics and a new
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transformer-based method enhanced with heterogeneous Al-
driven services allows handling and personalizing the inter-
action in autonomy, without relying on a priori user’s model
nor on ad hoc logic rules beyond the hardware limitations.
The Al-enhanced telepresence robot was able to properly
co-adapt the interaction through a reliable communication
among the modules in the ROS three-tier architecture and
received a positive consensus from participants. One lim-
itation of the current work is the reduced sample size of
participants which prevents from obtaining definitive results.
However, this study was designed upstream as a preliminary
assessment of the system functioning and timings in an
more unstructured environment with respect to the laboratory
settings, before proceeding with a more intensive evaluation
of the technology efficacy and acceptance. Future directions
will also investigate new learning techniques for customizing
the interaction that consider the hardware constraints. Thanks
to the high modularity of the system, the Al-based services
will be distributed and tested also according to the recent
fog-edge-cloud paradigm to process the sensible information
inside local fog nodes reducing the timings for data process-
ing and increasing the privacy protection.
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