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Abstract—Early Mobilisation routines aim at improving the
recovery process of critically ill patients that are hospitalised in
intensive care units. Such routines consist of passive and active
progressive mobilisations aiming at reducing the side-effects
derived from ICU stays. In this paper, we present e-PEMICU, an
e-health platform to support early mobilisation programmes in
intensive care units. Our solution is founded on motion sensors
and smartphones, hence, it is affordable and easy to deploy in
real scenarios. We present the design and implementation of a
prototype that has been created to address real users needs. Our
platform paves the way for a better and sustainable application
of current early mobilisation routines.

Index Terms—early mobilisation, smart health, motion sensors,
intensive care units

I. INTRODUCTION

Early Mobilisation (EM) consists in applying passive and
active mobilisation routines to critically ill patients that are
hospitalised in intensive care units (ICUs) [1]. Physicians
and physiotherapists struggle to shorten patients’ stay in the
ICU with the aim of decreasing their risks of suffering from
Postintensive Care Syndrome, including physical issues (e.g.
muscle weakness and other muscular disorders1), and mental
or cognitive alterations [2]. These alterations, which may last
for years, clearly jeopardise patients’ quality of life. Moreover,
according to several studies, half of the ICU surviving patients
are not able to work for one year after being hospitalised, and
30% might suffer from life-long impairments with no chances
of returning back to their normal, professional, active life [3].

EM of critically ill patients is beneficial and it should be in-
corporated into daily clinical practice [4]. Early passive, active,
and combined progressive mobilisations allow for shortening
ICU and hospital stays and reduce their side-effects. Passive
mobilisation includes manual passive exercises (see Figure 1
for an example of passive mobilisation) and the use of a
variety of passive motion machines. Active mobilisation can
be done by patients while sitting on a bed or chair, and
includes cycling, tilting up and ambulating (either with or
without assistance, and even while mechanical ventilation is
in place). Although EM is safe and beneficial (when properly
applied by professionals), there is a lack of standardised

1Up to a 40% loss in muscle strength can occur within the first week of
immobilisation.

Fig. 1: A physiotherapist performing a passive mobilisation
on a patient’s arm.

frameworks and widely-accepted procedures. On the one hand,
the optimal level of physical therapy (i.e., intensity, duration,
frequency) must be determined at different times (for fully
sedated patients, first awakening patients, etc.) and it has to be
adapted to each patient [1]. On the other hand, there are several
barriers that EM programmes must face namely, patient-related
barriers (symptoms and condition), barriers related to human
and technical resources, as well as barriers related to the health
institution policies and their view on EM convenience [5].

A. Early Mobilisation in Practice

Health professionals apply EM worldwide. To illustrate
the case, let us take the example of health professionals of
Joan XXIII Hospital in Tarragona (Catalonia, Spain). They
have integrated EM routines into their daily practice in the
ICU. Currently, the EM programme involves professionals
such as physicians, nurses and physiotherapists. The physician
responsible for the EM programme designs a series of routines
for each of the following patients’ levels:

• Level 1: for unconscious patients, includes passive mo-
bilisation of extremities and postural changes.

• Level 2: for conscious patients, includes active mobilisa-
tion of extremities.

• Level 3: adds a sitting posture.
• Level 4: adds basic everyday movements.
• Level 5: adds walking exercises.
Physiotherapists and nurses put exercises into practice and

apply the programmed mobilisation routines as scheduled,
with a specific number of repetitions and intensities. Rou-
tines are usually defined session by session according to



the progress of each patient. Once finished, physiotherapists
and nurses take note of each patient’s progress on paper
forms or by using some basic software. To the best of our
knowledge, there are no electronic tools to ease the monitoring
of EM programmes neither to analyse patients, exercises and
outcomes from a global perspective. Thus, it is difficult and
cumbersome to detect similarities or trends among patients
and, hence, to extract other high level knowledge on the
evolution of patients.

Moreover, once patients are released from the ICU, there
is no protocol in place to keep doing mobilisations and exer-
cises beyond Level 5, which may not require the continuous
presence/assistance of a physiotherapist.

B. Early Mobilisation and Smart Healthcare

As we have stated above, general practice considers minimal
or no electronic devices to support early mobilisation pro-
grammes. However, a number of proposals to monitor physical
activities related to rehabilitation can be found in the literature.
The vast majority of those solutions are based on computer
vision techniques applied in controlled environments with
fixed cameras, and using visible markers in specific locations.

Instead of considering fixed cameras alone, we aim at
following the paradigm of Smart Healthcare described in [6],
and we augment the ICU (and the patients in it) with the
proper sensing capabilities so as to be considered context-
aware environments able to provide automatic feedback on
a number of signals, which could be used to monitor the
condition and activities of patients. In fact, many context-
aware solutions have been used in healthcare [7], [8] but, to
the best of our knowledge, this is the first application of this
approach in ICUs.

Our approach to augment ICUs aims at being cost-effective
and minimally intrusive. Thus, we base our solution on mobile
devices and low footprint motion sensors, which use in this
area is still in its infancy [9], [10].

Despite their potential privacy and security risks [11],
[12], mobile devices have been previously used to determine
patients movements in several platforms [13] and for many ap-
plications [14]–[16]. Moreover, several techniques have been
suggested to protect patients location and data privacy [17]. All
in all, the proposed solution has the technology to guaranty the
safety of patients and can significantly contribute to improve
their monitoring in EM programmes.

C. Contribution and Plan of this Paper

In this paper we present e-PEMICU, an e-health platform
to support Early Mobilisation programmes in Intensive Care
Units. We address the design and implementation of a platform
that allows practitioners to monitor the achievements in the
different phases of the programme. The rest of the paper is
structured as follows: Section II describes the architecture of
the platform, Section III presents the system functionalities,
Section IV addresses some implementation details and, finally,
Section V concludes the paper.

Fig. 2: A box in the ICU of Joan XXIII Hospital in
Tarragona (Catalonia, Spain).

II. ARCHITECTURE

The core of the platform is a hardware node, which is
comprised of an accelerometer, a smartphone and a tablet:

• The accelerometer is embedded in a wearable device and
wrapped in a wristband. It can detect acceleration changes
in the X , Y and Z axes.

• The smartphone links the wearable device (or devices) to
the back-end using Bluetooth Low Energy to connect the
devices with the smartphone, and the TCP/IP stack over
WIFI to connect the smartphone with the back-end.

• The tablet runs a web browser to access the platform’s
front-end and interact with the provided tools.

An ICU is typically organised in boxes where patients
receive treatments. Boxes (cf., Figure 2), whose core is a
hospital bed, re equipped with medical devices (e.g., mechan-
ical ventilation apparatus) and bedside monitors. Boxes are
distributed around a control zone, where nurses can monitor
patients remotely and in real time. It is expected that every
box in the ICU is equipped with a hardware node. In the ICU,
EM sessions will be managed by a physiotherapist.

Once patients finish their stay in the ICU, they are released
to one of the hospital’s room. In our proposal we count with a
number of portable versions of the hardware nodes. Whenever
an EM routine is scheduled, an orderly brings the portable
node to the hospital room and connects the equipment. In the
hospital room, the EM routines can even be managed by some
relative or caregiver, after some training by the physiotherapist.
Note that, under specific circumstances, even the patient could
be able to manage the session on his/her own.

The back-end server logs the information on the movements
and the routines performed by the patient. Also, it stores
personal data about patients. Hence, two databases are consid-
ered: a movement log database for routines accounting (motion
database, Figure 4) and a database with patients’ data. Note
that the server is deployed using web technologies so it can
be accessed from virtually any device with Internet browsing
capabilities and the right credentials. Figure 3 schemes the big
picture of the e-PEMICU architecture.



Fig. 3: The big picture of the e-PEMICU platform.

III. FUNCTIONALITIES, ROLES AND MODULES

This section describes the functionalities of the e-PEMICU
platform. We define the users’ roles of the platform and, we
describe its modules, namely the Session Module, the Assess-
ment Module, and the Management Module (cf., Figure 4).

A. Users’ roles

The platform considers three kinds of users:
• ‘Manager’: typically a doctor responsible for the man-

agement of e-PEMICU. This user is able to add, edit and
remove patients and setup other users. Moreover, he/she
schedules the routine for each patient and is able to access
the Assessment Module. Also, they are able to manage the
devices of the platform (i.e., smartphones and sensors).

• ‘Professional’: intended for physiotherapists and nurses
of the ICU who manage EM sessions with a number of
patients. They have access to the Session Module to work
with patients, and are also able to assess the progress of
the patients by using the Assessment Module.

• ‘Sporadic’: intended for those users supervising EM
routines in regular hospital rooms, this is, nurses, phys-
iotherapist, relatives, caregivers or the very patients.

B. Session Module

The main functionality of the system is to record data from
the EM sessions. Users will setup the motion sensors and will
assist patients in the performance of exercises. ‘Professional’
users will select the patient from their list of assigned patients.

Both ‘Professional’ and ‘Sporadic’ users will assist patients
when doing the scheduled routines, either by performing mo-
bilisations on patients or, in case of conscious and recovered
patients, just making sure that they follow the routines. The
interaction with the system is done by using the website
front-end. Hence, the physiotherapist will log in the website
and will select the patient to work with. Users will be

shown the exercise to be performed, together with some
setup information i.e., the number of sensors needed as well
as their specific placing (e.g., wrist, elbow, ankle, etc.) and
orientation. Additionally, users can read a precise description
of the exercise to be executed and the details of the pattern
to be followed (in terms of rate and intensity). Also, a video
depicting the execution of the exercises is available.

Once the sensors are in the right place, the session starts.
A “start session” button is pressed and, from that moment
onward, movements detected by the sensors are stored in the
motion database, until the “end session” button is pressed.
Users can annotate the session when it ends.

C. Assessment Module

Both physiotherapists and administrators can use the assess-
ment module: its goal is to measure the degree of achievement
of the mobilisation routines for each patient.

This module shows the number of routines executed and the
pending ones, as well as other statistics. In addition, for each
performed session, an assessment indicator is shown. Since
a session consists of a series of mobilisations, each one is
assigned a colour that indicates how far the real mobilisation is
from the intended one. For example, if a mobilisation consists
in moving the hand up and down without moving the elbow,
a red colour is shown if movement in the elbow is detected.

D. Management Module

This module contains additional functionalities, such as
the management of users and patients. Also, it considers
device registration and identification: adding new sensors to
the system, setting up new smartphones, or disabling devices
not being used. Regarding sensors, this module allows for the
checking of sensors working order (i.e. detecting changes in
acceleration, and level of battery). Also, this module allows to
download and plot raw data from the Motion Database.



Fig. 4: Users, modules and databases of the system

Fig. 5: Picture of the main components of the prototype,
showing the raw motion data interface (May 2019).

IV. IMPLEMENTATION

We have implemented a prototype (cf. Figure 5) as a proof of
concept of the platform. The current implementation is being
tested in Joan XXIII Hospital. The hardware components of
the prototype are the following:

• Sensors: We have selected the micro:bit device as motion
sensor [18], [19]. It is inexpensive, small and can be used
on patient’s bodies in an almost non-intrusive manner. It
can be inserted in a wristband. It contains an accelerom-
eter and can be programmed to send a message as soon
as a change in the acceleration is detected. It is attached
to a pair of AAA batteries. Its low power consumption
allows it to operate for weeks without being recharged.
micro:bits are programmed using a C++ library [20]

with drivers to access all their functionalities, e.g. from
controlling the LED display to the peer-to-peer radio
communication and secure BLE services.

• Smartphone: We use simple smartphones, capable of
establishing BLE links with the micro:bit sensors. They
also establish a WiFi connection with the data network.

• Access Point: We use an 802.11ac access point to create a
wireless network so that all smartphones in the platform
can communicate with the server.

• Server: A computer with an Intel i5 processor. It uses
the XAMPP stack (Linux, Apache, MySQL, PHP, Perl)
to run the back-end and front-end of the platform.

• Tablet: Used to access the front-end using Chrome
through a WiFi connection to the access point.

A. Identification and Pairing

Each micro:bits counts with a pair of buttons. When button
‘B’ is pressed, the LED matrix shows the Unique Derived
Name (UDN): a set of five characters that are unique to
the device. Using this, sensors can be identified and users
can know what sensors are used in each hardware node.
For communications purposes, sensors must be paired with
a smartphone. In the current prototype, up to three motion
sensors can be paired in a hardware node. Note that, in order
to prevent data related to faux movements from being stored,
users will be able to enable and disable sensors in the Session
Module and the motion information coming from disabled
sensors will not be stored in the motion database.

B. Messaging

When a sensor detects a change in the acceleration in any of
the axes, an event is triggered and a message is sent from the
sensor to the smartphone, using the BLE link. The message
contains the sensor’s UDN, the acceleration values in X ,
Y and Z, and a timestamp. This tuple is forwarded by the
smartphone to the back-end using an HTTP GET method over
a TCP connection.



V. CONCLUSIONS AND FURTHER WORK

The introduction of information and communication tech-
nologies and the Internet of Things [21] within the healthcare
domain paves the way for novel, flexible and sustainable solu-
tions that aim at enhancing the quality of life of patients. The
adoption of the smart health paradigm [6] that advocates for
the development and use of the capabilities of context-aware
scenarios opens the door to innovative solutions with higher
degrees of personalisation, adaptation and responsiveness.

This article has focused on Early Mobilisation (EM) pro-
grammes, whose goal is to enhance the recovery process of
critically ill patients that are hospitalised in ICUs. Despite
the benefits of incorporating EM into daily clinical practice,
there are no technological solutions to specifically evaluate the
success of these EM programmes and to ease and foster their
use. With the aim to fill this gap, we have designed and im-
plemented e-PEMICU, a platform to support EM programmes
in ICUs, and we have presented a working prototype that is
currently in use and under evaluation in a real ICU scenario.

By deploying our platform, practitioners, hospital managers,
and researchers will be able to collect vast and invaluable
data from patients. The collection of these data will allow
for obtaining knowledge and wisdom [22] and will help to
improve the management of EM programmes worldwide. For
instance, our Assessment Module allows the easy monitoring
of the degree of achievement and adherence to the scheduled
routines, and accounting progress on mobilisation routines
allows for the later analysis of data, for example, by using
process mining techniques [23].

Future work will focus on concluding the development of
the platform and on evaluating its suitability with more patients
in ICUs. Also, the analysis of the data will play a key role in
the next developments of this research. Specifically, we will
pay attention to new models for predicting and learning from
imbalanced data [24] such as those gathered with e-PEMICU.
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