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Abstract Introduction. Every 3 seconds someone devel-
ops dementia worldwide. Brain-training exercises, prefer-
ably involving also physical activity, have shown their
potential to monitor and improve the brain function
of people affected by Alzheimer Disease (AD) or Mild
Cognitive Impairment (MCI).

Objectives. This paper presents a cognitive robotic
system designed to assist mild dementia patients dur-
ing brain-training sessions of sorting tokens, an exercise
inspired by the Syndrom KurzTest neuropsychological
test (SKT).

Methods. The system is able to perceive, learn and
adapt to the user’s behaviour and is composed of two
main modules. The adaptive module based on repre-
senting the human-robot interaction as a planning prob-
lem, that can adapt to the user performance offering
different encouragement and recommendation actions
using both verbal and gesture communication in order
to minimize the time spent to solve the exercise. As
safety is a very important issue, the cognitive system is
enriched with a safety module that monitors the possi-
bility of physical contact and reacts accordingly.

Results. The cognitive system is presented as well
as its embodiment in a real robot. Simulated experi-
ments are performed to i) evaluate the adaptability of
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the system to different patient use-cases and ii) vali-
date the coherence of the proposed safety module. A
real experiment in the lab, with able users, is used as
preliminary evaluation to validate the overall approach.

Conclusions. Results in laboratory conditions show
that the two presented modules effectively provide ad-
ditional and essential functionalities to the system, al-
though further work is necessary to guarantee robust-
ness and timely response of the robot before testing it
with patients.
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1 Introduction

Assistive Robotics is an emerging area of research due
to the rapid growth in the number of elderly people and
the demand for more specialized assistance. With the
support and assistance of the robot, therapists could
provide more effective training and monitor multiple
patients simultaneously.

Alzheimer’s disease is a degenerative brain disease
and the most common cause of dementia. As reported
from the World Alzheimer Report 2018 [1], the num-
ber of people suffering from Alzheimer’s Disease (AD)
worldwide is estimated to be around 50 million, more
than the population of Spain. This number is projected
to increase to more than 132 million by 2050, as popu-
lations age. Total direct costs of AD and dementia are
estimated around US$1 trillion by 2018. Dementia is
characterized by a decline of memory, language, and
other cognitive capabilities that affects a person’s abil-
ity to perform everyday activities [22]. While there is
no cure for these kinds of diseases, non-pharmacological
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Modality of interaction: gestures, voice
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| Eng Lev 1: 3.0
Eng Lev 2: 3.0
Eng Lev 3: 1.0
Eng Lev 4: 2.0 :

Fig. 1: In the proposed exercise the patient has to place the tokens in the top row of the board in ascending order.
The robot observes and provides assistance while the user is playing. The level of assistance (from Lev 1 to Lev 4)
is selected according to the user performance and moves history. An initial preference on the levels of interaction

is provided by the caregiver.

therapies aim to delay the loss of mental abilities, to
help patients stay independent in everyday life for as
long as possible, and to increase their well-being and
quality of life. Non-pharmacological therapy focuses on
enhancing mental, physical and emotional activities.

One of the tests that is currently being used to as-
sess the cognitive decline of mild dementia patients is
called Syndrom KurzTest (SKT) [18]. SKT is a short
neuropsychological test to evaluate cognitive deficits in
memory and attention. In this work, inspired by the
SKT, we design in collaboration with our partner hos-
pital Fundacié ACE' a brain-training exercise called
sorting tokens. In this exercise, the patient has to place
a number of tokens in a given order on a board with
the help of a cognitive robot.

In order to allow robots to assist humans and co-
operate with them in scenarios like rehabilitation, as-
sistive or medical, it is necessary to develop effective
and robust methods to provide safety in close-proximity
human-robot interaction. In this specific context, hu-
mans and robots share the same workspace and may
come into contact. We can divide these interactions in
three categories: no physical contact, as assumed in this
work; contact forces are part of the task; contact forces
are part of the guidance or collaboration.

1 http://www.fundacioace.org/en

In this paper, we tackle safety according to the stan-
dard ISO 10218 that formalizes the requirements and
guidelines for safe design, and to the technical specifi-
cation ISO/TS 15066 [39] that specifies a collaborative
method for “power and force limiting”. As a result, we
provide a way to execute a motion from the robot that
is as accurate and fast as possible while consistent with
safety constraints.

We have already presented a general HRI frame-
work [4] to tackle this problem that consists of two
different interaction loops: first, the caregiver interacts
with the robot to set up the initial desired behaviour of
the robot (for example, more helpful or more challeng-
ing); second, the robot interacts with the patient while
he is playing the sorting tokens exercise.

In this paper we concentrate on the second loop, the
interaction between the robot and the patient (see Fig-
ure 1), and define a new Cognitive System Framework
by extending our previous Human-Robot Interaction
(HRI) framework. The two main contributions of this
paper are:

i. an adaptive module, which relies on symbolic plan-
ning, able to select at each step of the brain-training
exercise the most suitable action of engagement to
support the patient,
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ii. asafety module that monitors in real-time the user’s
safety and reacts accordingly adapting the robot be-
haviour.

The adaptive module will adjust and personalize the
robot behaviour based on experienced user interactions,
selecting among all the available actions the most ap-
propriate one. The safety component will monitor the
user behaviour and react when a hazardous event is de-
tected. It is based on the assumption that the robot
is safety-aware. A safety-aware agent knows when its
actions, executed in the current state, could hurt or en-
danger a person and actively refrains from performing
them [6].

The Cognitive System is first evaluated in simula-
tion to ensure repeatability when testing its adaptabil-
ity, and in a simple real robot scenario when validating
its feasibility. At this stage, evaluation with real pa-
tients is outside the scope of our work. Our aim is not
to provide a definitive engineering solution that requires
robust perception and robot execution, but rather to
present a Cognitive System Framework in which the
robot is able to adapt to the user and react to sporadic
unexpected behaviours on the basis of previous inter-
action experiences. With the proposed framework we
also aim to provide caregivers with a tool that can be
employed for administering brain-training exercises like
the one presented here.

2 Related Work

Robots are expected to autonomously accomplish a va-
riety of tasks in real world environments that are con-
stantly changing. In order to cope with these requests,
robots must not only be provided with predefined rules
of behaviour or fixed sets of actions routines, but also
they have to be able to perceive, learn and adapt to
the surrounding environment. We can define Cogni-
tive Robotics according to Levesque et al. [35] defini-
tion: “Cognitive Robotics is the study of the knowledge
representation and reasoning problems faced by an au-
tonomous robot in a dynamic and unknown world”.
Socially Assistive Robots (SAR) in Eldercare aim to
endow robots with the ability to support older adults,
through social assistance, rather than physical, in con-
valescence, rehabilitation, and training. However, since
in SAR usually robots share the workspace and interact
with vulnerable people, they still need to behave safely
with respect to them. Moreover, in order to be effec-
tive, any kind of therapy provided by the robot has to
be tailored to the user’s needs.

2.1 Cognitive Robotic Systems

A number of cognitive robotic systems have been devel-
oped on different robotics platforms, based on logic pro-
gramming languages (e.g. Situation Calculus, Golog,
Prolog or Description Logic).

Carbone et al. [10] describe a model-based approach
to flexible behaviours considering the execution context
and the goals, and present the main functionalities of
a rescue robot system by considering HRI in the do-
main of the RoboCup Rescue competition. The main
advantages of their approach are: i) the system is self-
aware about the current situation, at different levels of
abstraction; ii) the operator can take advantage of the
control system they proposed in order to have a bet-
ter perception (using e.g. mapping, localization, learn-
ing) of the mission status. De Giacomo et al. [14] de-
fine a framework for reasoning about actions through a
knowledge-base system on a robot with reactive capa-
bilities. The reasoning capability is provided by Propo-
sitional Dynamic Logic (PDL). In another work, De
Giacomo et al. [15] present a logic framework for repre-
senting dynamic systems based on DL, which allows for
the formalization of sensing actions. Ferrein et al. [20]
propose a novel method of on-line decision theoretic
planning and execution on Golog, which is especially
appropriate for robotic applications with frequent sen-
sor updates.

Leimagnan et al. [34] present an architecture for the
decision layer of social robots. In particular, they focus
on the deliberative layer of the robot designed to share
space and tasks with a human, and to reason in a way
that takes into account human actions and decisions. In
the same direction is the work of Devin et al. [L6]. They
propose a Human-Aware architecture for managing in-
teractions when the robot and the human share the
same goal and workspace. To this end, a Human-Aware
Task Planner has been used to define the sequence of
actions to perform and to decide whether and when the
robot should intervene. Bhat et al. [7] present a neural
architecture for goal-direct reasoning and cooperation
between multiple robots in an industrial task, where
two robots work together for assembling objects in a
shared workspace.

An interesting work from a different perspective,
that uses some concepts from neurobiology of the brain,
is proposed by Mohan et al. [12]. In their work they
present some preliminary developments on the DAR-
WIN robots in relation to their abilities to learn and
reason. The novelty on the proposed approach are: i)
the integration in the computational architecture of
some ideas of connecomics in order to go beyond the
current limitations of the state of the art machine learn-
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ing systems and ii) the incorporation of behavioural
studies based on how conceptual knowledge is organized
in the brain.

2.2 SAR for Therapies and Rehabilitation

The literature on assistive robots for individuals suffer-
ing from AD or MCI has not been fully investigated
in the past years and very little long-term research has
been done. Tapus et al. [51] focus on assistive human-
machine interaction methods with the purpose of facil-
itating research toward SAR systems capable of sup-
porting and assisting people in daily life. Although the
application domains are quite different (children with
Autism Spectrum Disorders, post-stroke rehabilitation,
elderly people with MCI or AD) there is an underlying
common need for a system capable of providing several
degrees of assistance, such as encouragement and feed-
back, toward the assigned task or program. Salichs et
al. [46] propose a social robot called Mini that is able to
administer one-to-one cognitive stimulation therapies
to older adults previously defined by caregivers. The
robot interacts with the user through different inter-
action modalities, such as screen, gestures and speech,
among all. In [44], Prula and collegues, empower the
robot Mini with a bioinspired decision-making system
to adapt the robot’s behaviour to different user’s ca-
pabilities with the aim to improve the overall user’s
experience. Fan et al. [19] develop a robotic system ar-
chitecture with the purpose of maintaining functional
abilities as well as socialization in order adults and
achieving long-term engagement. The system defines a
multi-user engagement-based mathematical models for
robot interaction. The validation of their system shows
that robot is positively accepted by older adults with
and without cognitive impairment and it can be used
for one-to-one and multi-user HRI. Tapus et al. [50]
focus on the study of the interactive and cognitive as-
pects of robot behaviour in an assistive scenario de-
signed for people suffering from MD and/or AD. The
robot acts as music therapist and tries to stimulate the
patient through active listening. The objectives are re-
call, memory and social interaction. McColl et al. [11]
present an assistive robot able of providing cognitive
assistance, through engagement and motivation, in or-
der to investigate user compliance during meal-time in-
teractions. Martin et al. [38] describe the use of a hu-
manoid robot as a cognitive stimulation tool in therapy
of people with MCI. They develop four types of roboth-
erapy sessions: physiotherapy, music, storytelling and
logic-language sessions. The preliminary results with
patients with moderate dementia show that their neu-
ropsychiatric symptoms tend to improve over those fol-

lowing classic therapy methods. A novel approach is
presented by Gnjatovic [23]. Here, he introduces a plat-
form that enables the caregiver to design a robot’s di-
alog behaviour. The presented platform is therapist-
centered and domain-independent. It enables the ther-
apist to dynamically model the interaction domain and
the dictionary, the interaction context, and the different
robot’s dialogue strategy.

2.3 Safety in HRI

The task of maintaining safety in HRI is multidisci-
plinary in nature, and researchers have approached it
in a variety of ways. We divide these approaches into
three categories, following the work of Lasota et al. [32].

2.3.1 Safety Through Control

The first category is safety through control. In that cat-
egory, the pre- and post- collision control methods are
investigated. This involves methods that limit parame-
ters, such as speed and related force of the robot, or pre-
vent collisions by defining safety regions or guiding the
robot away from humans. Broquere et al. [3] introduce
a motion trajectory planner to try to satisfy safety and
comfort by limiting acceleration and velocity in carte-
sian space. Laffranchi et al. [30] present an energy-based
control strategy to be used in systems in which the
robot works very close to or cooperating with humans.
Instead of planning trajectories, they propose a method
that limits the dangerous behaviour of the robot when
there is an impact, by bounding the energy stored into
the system to a maximum value. Heinzmann et al. [20]
bound the torque commands of a position control algo-
rithm to values that guarantee safety. These restrictions
limit the potential impact force generated in the case of
a collision with a person. Haddadin et al. [25] present a
lightweight robot designed for interactive and coopera-
tive tasks and they show how reactive control strategies
could have a significant effect to guarantee safety to the
human during the interaction. Lasota et al. [33] present
a real-time safety system capable to allow safe human-
robot interaction that works for very low distances of
separation between the two bodies, without the need
of robot hardware modification or replacement. Golz et
al. [24] devise a method to combine collision monitoring
and contact estimation from proprioceptive sensation in
order to develop a classification system to discriminate
between intended and unintended contact types.
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