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ABSTRACT
Physical activity has been shown to have multiple benefits, such
as reducing mortality rate caused by cardiovascular diseases and
providing an optimal health status, making it one of the most important components of cardiac rehabilitation (CR) programs. However,
the adherence to the program is low, and finding strategies to motivate people to perform physical training is a priority. This work
proposes the introduction of a socially assistive robotics system
in order to provide monitoring and motivation to patients within
a CR program. A study was carried out with one patient accompanied by the robot during a conventional phase II, namely 16
sessions of the cardiac rehabilitation program. The results show
the reliability of the system to provide information to assess the
patient’s performance during the activity. Additionally, the patient
was able to improve his posture patterns along the sessions due to
the continuous monitoring provided by the robot.
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1

INTRODUCTION

Regular physical activity is fundamental in human health: it improves the level of fitness and the quality of life, whilst decreasing
the risk of falling and preventing osteoporosis [4]. Physical activity
also reduces deaths caused by cardiovascular diseases (CVD’s) and
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can improve cardiovascular risk profile, hence, providing an optimal
health status [3]. For this reason, most of the cardiac rehabilitation
(CR) programs, which refers to the commonly used therapy method
to prevent CVD’s or to treat a patient after a CVD event, include
physical activity as a core component. CR covers a range of areas,
such as nutrition and weight management, assessment and management of depression, physical exercise and comorbidities, health
education and medical therapy [12]. Traditionally these therapies
are divided into three phases, namely inpatient (phase I), outpatient
(phase II) and long-term intervention (phase III) [16]. According
to the World Health Organization1 , around 17.5 million people die
each year from CVD’s. This number represents approximately 31%
of all deaths worldwide. Similarly, in 2015 two CVD’s were leading
the death cause list in the world: ischaemic heart disease (8.76 million deaths) and stroke (6.24 million deaths) and around 80% of all
deaths from CVD’s are a consequence of heart attacks and strokes.
These facts show that CR plays a key role in one of the most critical
health problems worldwide.
However, despite the importance of following the whole CR
therapy, the adherence to the program does not reach a desirable
level: the desertion rate is high. A study shows that people at high
cardiovascular risk have demonstrated a high prevalence of unhealthy lifestyles, increasing risk factors and inadequate use of
drug therapies to achieve blood pressure and lipid goals [16]. Most
recently, a survey of coronary patients shows that after a median
time of 1.35 years after their acute event, 48.6% of patients who
were smoking at the time of their event persisted in smoking and
little or no physical activity was reported in nearly two thirds of
interviewees [16]. Due to this fact, taking action to promote and
encourage people to enhance their physical condition and adopt
healthy habits by attending to CR programs is a priority.
Socially Assistive Robotics (SAR) have been introduced in 2005
in [5]. Authors make the distinction between physically assistive
robotics where a robot provides physical/mechanical support for a
patient to help him recover, and socially assistive robotics, where a
1 http://www.who.int/cardiovascular_diseases/en/

robot is emotionally supportive by providing feedback, instructions
and encouragement to increase the motivation of the patient. SAR
has been applied to a large variety of domains with applications
ranging from socially assistive tools at home [9, 11], receptionist
in public space [6, 7, 18], teachers in an educational setting [8] to
coaches for rehabilitation [15]. In [17], authors show that physical
exercise instructed by robot was significantly more effective than
requested by a human instructor. Additionally, SAR has been used
with patients suffering dementia: the robot illustrates and guides
the patients during the exercises and physical activities, obtaining
as result that neuropsychiatric symptoms tend to improve over
those of patients following classic therapy methods [14]. Moreover,
a review carried out by [2] shows that most of the elderly like robots
and present a better response in the activities accompanied by them.
Finally it has been also demonstrated that an embodied agent can
have more impacts than a human-computer interface (HCI) or a
virtual agent [1, 10].
As stated before, the presence of an embodied agent could provide more benefits in exercising and rehabilitation scenarios. hence,
this work aims to evaluate and to provide preliminary results of a
Human-Robot system for exercising implemented within a cardiac
rehabilitation program. In this paper, we present the results of a
conventional phase II (8 weeks) of a therapy for a patient with
percutaneous coronary intervention (PCI) using a sensor suite that
measures mainly six parameters (heart rate, cadence, step length,
speed, inclination and the Borg scale, namely the level of exertion
during physical activity) and are recorded in real-time. This sensor
interface is described in more detail in [13].

2

METHODOLOGY

The goal of this work is twofold: identifying the key motivational
aspects of SAR assessed through a questionnaire (Section 2.1 and
presenting results of a case study using a SAR platforms (Section
2.2) with a patient recovering from PCI (Section 2.3).

2.1

Questionnaire

In order to understand the opportunities of SAR in the context of
CR, a questionnaire was distributed to 238 patients with different
cardiac diseases, which allowed collecting anthropometric data such
as gender (83 females and 155 males), age (M=62.3 years, SD=14.3),
weight (M=68.46 kg, SD=12.12) and height (M=1.64 m, SD=0.09),
along with the opinions and perceptions of the patients about the
CR sessions and the integration of SAR. Here we analyse two of
the questions, which are of importance to this paper.
The former question focused on the approach of the patients
on the sessions: “What aspects do you like about the cardiac rehabilitation session on the treadmill?" with the possibility to choose
one of the following answers: “technology”, “sessions”, “institution”,
“results”, and “physical ability improvements”. The choices were
based on the general opinions obtained from the patients in a prediagnosis.
The opinion of the patients on the integration of a social robot
in the CR process was assessed by the other single-choice question “How would you feel about a social robot accompanying you
throughout the rehabilitation process?", followed by: “curiosity”, “interest”, “doubts”, “discomfort” and “prefer without robot”. Patients

who refused or selected a negative option were asked to express
their reasons.

2.2

Human-Robot Interface

Fig 1 presents the setup: a social robot (NAO, SoftBank Robotics
Europe) provides feedback and instructions to the patient based on
the data acquired from the sensors and the tablet. The tablet is used
to receive inputs from the patient and combines measurements
from a set of sensors to decide the behaviour of the robot based on
certain rules, such as the timing of requests, the threshold of heart
rate, and the exertion level, determined by the therapists.
Each sensor provides the values of the variables used by the
therapists to monitor the progress of the therapy:
• cardiopulmonary parameters: peak heart rate, heart rate variability and evolution of heart rate
• gait spatiotemportal parameters: cadence, step length and
speed
• parameters of physical activity intensity: Borg Scale (BS),
which refers to the level of exertion
The BS is requested by the robot every three minutes, which is
obtained from the patient through the GUI on the tablet (Fig 2). The
GUI also provides bio-feedback and shows the performance of the
patient during the session. Finally, the inclination of the treadmill is
measured with an inertial measurement unit. Detailed information
about this interface can be found in a previous developed work
[13].
The robot is placed on the side of the treadmill, below the eye
level of the patient. Once the therapy begins, the robot stands in
order to draw the attention of the patient and starts the interaction.
The sensor suite provides the robot with the data in real-time enabling the robot to respond to the patient’s performance and status.
The behaviour of the robot can be classified into three states:
Motivation: the robot provides motivation to the patient by
saying something amusing or encouraging to increase or maintain
motivation, every 5 minutes.
Warning: when any of the risk factors associated to the therapy
is perceived, the robot enters the warning state. The most important risk factor to control is the unexpected increase in the heart
rate. Once an increment of this parameter is perceived, the robot
asks the patient whether everything is fine or medical staff should
be called. If the patient reports that everything is going well, the
therapy continues normally. However, if the response is negative
or a response is lacking, the robot changes to the Emergency state.
Another risk factor that is controlled in this state is dizziness and
the possibility of falling. To avoid this issue, the robot monitors the
patient’s posture with a camera and asks the patient to correct his
posture.
Emergency: this state is triggered when the existence of a risk
factor is confirmed and can be set in three different scenarios: (1)
when the warning state changes to the emergency state; (2) when
the robot detects an excessive increase in heart rate, and (3) when
the alarm is triggered by the patient through the GUI (pain, dizziness
or fatigue). The robot alerts the medical staff while indicating the
type of the emergency.
The behaviour of the robot is fully autonomous and the intervention is based on verbal expressions which are animated by the

contextual text to speech module in Naoqi2 for obtaining a more
natural interaction. For example, for the motivation state, the robot
uses expressions3 such as “Keep it up”, “You are doing well”, “I’m
sure you can do it”, to encourage the patient. Additionally, in the
warning state, utterances such as “You seem like you are starting
to get tired, is everything alright?” is used when a high exertion is
noticed, whereas in the emergency state, the robot calls the doctor
directly with a phrase “Your heart rate is too high, I am calling for
help”, when the heart rate exceeds the desired level.

Figure 2: Graphical User Interface

Figure 1: The design of the setup for cardiac rehabilitation
with a social robot

2.3

Case Study

A conventional rehabilitation session of the phase II is conformed
by a group of 15 to 20 patients and is divided into three stages,
namely the warm-up (patients start performing stretching and
warming-up exercises), physical activity (patients exercise on the
treadmill between 15 and 20 minutes) and finally cool-down (where
patients step out from the treadmill and low intensity exercises are
carried out). During the warm-up and cool-down stages the staff
measure the initial and final heart rate as well as the initial and
final blood pressure. Furthermore, while the physical activity on
the treadmill is being performed, the medical staff ask regularly the
Borg scale, to asses the exertion that the patient is perceiving. A
normal experiment takes place within the normal session, where
the patient that is being tested follows the same procedure as the
normal patients do. However, there is always one observer that is
aware of the safety and keeps the system in operation. Although the
experimenter is in the room, he does not interfere in the therapy.
An experimental study was designed with the main objective to
observe the functionality and usability of the Human-Robot interface and the interaction between the patient and a social robot. To
2 http://doc.aldebaran.com/2-1/naoqi/audio/alanimatedspeech.html
3 The

phrases presented here are translated from Spanish, which is the language used
by the robot during the therapy.

achieve this goal, a case study has been proposed with a single patient who has started and completed the phase II of the CR program
and has fulfilled all the requirements to pass to the phase III. The
patient that has taken part within the study attended and successfully completed 16 sessions accompanied by the social robot, which
has monitored and followed his performance during the entire process. In order to evaluate and analyse the interaction between the
patient and the robot, three classes of data have been measured
and extracted from the interface. (1) Physiological data: Heart rate
and speed of the patient are considered as the main analysis parameters. (2) Data related to the direct interaction that the patient
experiences with the robot, like the response time (how much time
it takes for the patient to respond to the robot’s request) and the
interventions that the robot performed to correct the posture of
the patient during the exercise. (3) The Borg Scale as a metric for
the intensity perception of the patient during the physical activity.

3

RESULTS

The results of the preliminary questionnaire and the case study are
presented below.

3.1

Questionnaire

Regarding the positive aspects of CR program (Fig 3), the patients
mostly prefer (37%) the “physical ability improvement”, whereas,
28% of them selected “others”, while expressing that they like all
of the options. Moreover, 13% of patients prefer “results”, 10% of
patients selected the “institution” and only 8% and 4% chose “technology” and “sessions” respectively.
According to the second question (Fig 4), the perception of the
integration of SAR in the CR program, 39% of the patients feel
curiosity and 27% patients are interested. However, 23% of patients
prefer the sessions to be without a robot, 8% patients have doubts
and 3% stated that they would feel discomfort.
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3.2

Sessions

Case Study

As described before, the sensor suite measures mainly six parameters (heart rate, cadence, step length, speed, inclination and the
Borg scale) that are recorded in real-time. Fig 5 shows how these
parameters change over the course of a normal session. As can be
observed, the heart rate parameter is measured during the exercise
as well as in the cool-down phase, hence, the recovery heart rate
can be estimated. The BS is requested periodically during the session. However, the remaining parameters are measured only during
the exercise stage, hence, an interruption in the data is observed.
The speed is presented in miles per hour (Mph), since the treadmill
and the protocol in the clinic uses this measurement unit.
According to the methodology previously defined, the patient
attended to 16 sessions that were monitored by the SAR system.
Fig 6 shows the average performance, namely the heart rate, speed
and Borg scale for each session during the complete rehabilitation
phase. Additionally, the tendencies of these parameters are shown
(in red).

Figure 6: Physiological evolution of a patient during a standard phase II (in blue), and tendencies of parameters (in red)
The interaction, as defined in previous section, was measured
by the response time and the amount of interventions of the robot
in order to correct the posture of the patient. These metrics are
displayed in Fig 7, where the average response time that the patient
performed during each session is shown, as well as the number of
interventions made by the robot for posture correction.

4

DISCUSSION

According to questions stated in the survey, there are two important
results concerning the current application. (1) Most of the patients
(37%) feel that they have had progress in their physical capacity
and that they are able to see other positive results in their health
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robot (Fig 7). As can be observed, the first graph shows how fast
the patient has attended to the requests (here, the Borg scale) that
the robot made during the session. It would be expected that along
the sessions, the patient would adapt to the system and interact
with it in a more efficient way. For this reason, a decreasing rate for
the response time would be desirable, since it would indicate that
patients have adapted correctly to the system. In the case study
presented, the response time does not decrease constantly over the
course of the study, hence, there is no concrete evidence that the
patient has adapted better to the system during the therapy. Nevertheless, the posture correction rate has shown a major decrease in
the last sessions. This result would indicate that as a result of the
corrections of the robot, the patient has adopted a better posture
along the sessions and has required less corrections by the robot.
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Figure 7: Interaction during cardiac rehabilitation phase II

conditions in the CR program. Also, 28% of the patients was satisfied
with all the aspects of the CR program. The relatively low (8%)
response rate on the “technology” aspect might be interpreted in
two ways: first, the patients are attracted by the technology that
currently operates in the institution and second, the other patients
who did not select this option might be feeling the need for more
technology in the sessions. (2) Regarding the integration of a social
robot in the CR program, the majority of patients (66%) approach
it positively, i.e. either with curiosity or interest. Nevertheless, 8%
patients have doubts such as how the robot will be integrated in the
sessions or if the robot will replace the medical staff, which they
expressed further on. Finally, 26% of patients had a negative opinion,
such that they preferred the therapy without a robot or would feel
discomfort towards the integration of the social robot. However, the
responses to the open question on explaining the negative response,
suggested that they rejected the idea because they think that the
robot is going to replace the doctors, so it was necessary to present
the project and explain in detail how the integration would be made
to show that the purpose of the robot was to aid the medical staff
instead of replacing them.
The proposed SAR system shows that it is capable to store, process and represent all information related to the patient during each
session, providing a useful tool for the analysis of the performance
as well as the personalization of the therapies for each patient. In
relation to the physiological data measured during the complete
phase of the CR program, it is important to note that the information provided allows the analysis of the patient’s progress along the
sessions, which also provides monitoring whether the patient has
achieved any physical or health improvement during the process.
For this particular case, a slight reduction (from 110 to 106 Bpm) of
the heart rate and the perceived level of intensity can be observed
during the course of the therapy, which would suggest that the
physical condition of this patient has improved along the sessions.
Additionally, the SAR system has provided valuable information
that serves to assess the interaction between the patient and the

5

CONCLUSION

The results of the questionnaire show that cardiac rehabilitation
is a potential field of action for SAR technologies. The patients
have shown interest and curiosity towards the integration of social
robots in the rehabilitation program.
This work presented the introduction of a SAR system to cardiac
rehabilitation therapies. In order to evaluate the performance of
the patient and its adaptability to the system, a case study of a
patient with PCI is analyzed during a conventional phase II of
the cardiac rehabilitation program. The results suggest a slight
improvement for the patient by the end of the 16 sessions in terms of
physiological parameters obtained during the session. Furthermore,
it was possible to assess the interaction between the patient and the
robot, which improved the posture of the patient as a result of the
continuous monitoring during the session. This work was presented
as a preliminary study carried out with one patient. Nevertheless, a
larger study with 40 patients complete phase II of the CR program
is currently being developed.
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