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Abstract—Nowadays, chronic heart failure (CHF) affects an
ever-growing segment of population, and it is among the major
causes of hospitalization for elderly citizens. The actual out-of-
hospital treatment model, based on periodic visits, has a low
capability to detect signs of destabilization and leads to a high
re-hospitalization rate. To this aim, in this paper, a complete and
integrated Information and Communication Technology system is
described enabling the CHF patients to daily collect vital signs at
home and automatically send them to the Hospital Information
System, allowing the physicians to monitor their patients at dis-
tance and take timely actions in case of necessity. A minimum set
of vital parameters has been identified, consisting of electrocar-
diogram, SpO2, blood pressure, and weight, measured through a
pool of wireless, non-invasive biomedical sensors. A multi-channel
front-end IC for cardiac sensor interfacing has been also devel-
oped. Sensor data acquisition and signal processing are in charge
of an additional device, the home gateway. All signals are pro-
cessed upon acquisition in order to assert if both punctual values
and extracted trends lay in a safety zone established by thresholds.
Per-patient personalized thresholds, required measurements and
transmission policy are allowed. As proved by first medical tests,
the proposed telemedicine platform represents a valid support to
early detect the alterations in vital signs that precede the acute
syndromes, allowing early home interventions thus reducing the
number of subsequent hospitalizations.

Index Terms—Biomedical instrumentation, chronic heart fail-
ure (CHF), e-health, sensor signal processing, telemonitoring, vital
signs sensors.

I. INTRODUCTION

CHRONIC HEART failure (CHF) represents one of the
most relevant chronic disease in all industrialized coun-

tries, affecting approximately 15 million people in Europe and
more than 5 million in the U.S., with a prevalence ranging from
1% to 2% and an incidence of 3.6 million new cases each year in
Europe and 550 000 cases in U.S. [1]–[3]. It is the leading cause
of hospital admission particularly for older adults reaching
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a prevalence of 1.3%, 1.5%, and 8.4% in 55–64 years old,
65–74 years, and 75 years or older segments, respectively [2].
Admission to hospital with heart failure has more than doubled
in the last 20 years [1], and it is expected that CHF patients
will double in 2030. Hospital admissions caused by CHF result
in a large societal and economical issue, accounting for 2% of
all hospitalizations [4]. The CHF management accounts for 2%
of the total healthcare expenditure [5], [6] and hospitalizations
represent more than two thirds of such expenditure [3].

The current healthcare model is mostly in-hospital based
and consists of periodic visits. Previous studies pointed out
that in patients with a discharge diagnosis of heart failure, the
probability of a readmission in the following 30 days is about
0.25, with the readmission rate that approaches 45% within
6 months [7]. It is acknowledged that changes in vital signs
often precede symptom worsening and clinical destabilization:
indeed, a daily monitoring of some biological parameters would
ensure an early recognition of heart failure de-compensation
signs, allowing appropriate and timely interventions, likely
leading to a reduction in the number of re-hospitalizations.
Due to lack of resources at medical facilities to support this
kind of follow-up, the use of Information and Communication
Technologies (ICT) has been identified by physicians and ad-
ministrator as a possible valid support to overcome this limit.
There is in literature some evidence that a multidisciplinary
management program [8], [9] including a home-based follow-
up strategy can improve outcome of heart failure patients,
including a reduction in mortality, hospital readmissions, and
lengths of hospital stays, and increase patient satisfaction
[10]–[12].

This paper represents an extension of [13] in which the same
authors provide an overview of a flexible and high configurable
platform for domestic vital signs acquisition and processing,
integrated with the Hospital Information System (HIS).

This work has been developed within the Health at Home
project (H@H) of the Ambient Assisted Living Program
(AAL). It takes into account the recent AAL Roadmap guide-
lines [14], the future challenges in telecare [15], and some
recent studies conducted on AAL solutions [16], [17].

The H@H platform aims at connecting in-hospital care of
the acute syndrome with out-of-hospital follow-up by patient/
family caregiver, being directly integrated with the usual
cardiology departmental HIS. Patients’ signs, symptoms, and
raised alarms can be received by healthcare providers, and
aggravations can be quickly detected and acted upon. Thanks
to the collection of vital parameters at home, the sensor data
signal processing and the automatic data transmission to the
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Fig. 1. H@H System Architecture.

medical center, a more frequent (usually daily) assessment of
clinical status than in conventional practice is permitted [18].

After this introduction, Section II briefly describes the whole
H@H system architecture. The features of all involved sensors
are discussed in Section III, while Section IV is focused on
the developed front-end IC for cardiac sensor. The sensor data
processing strategy is described in Section V. Section VI and
Section VII present the results of the demonstration phase and
the comparison with the state of the art. Finally, the conclusions
are drawn in Section VIII.

II. H@H TELECARE SYSTEM OVERVIEW

The H@H development Consortium is composed by indus-
trial and research partners with qualified competences in sens-
ing and data processing as well as very important healthcare
providers (Hospitales Virgen del Rocio, Spain; Dom Koper
Hospital in Slovenia and the research clinical center Fondazione
Gabriele Monasterio in Italy). The system requirements come
directly from the long experience in the CHF field of the
involved physicians. The resulting platform takes into consider-
ation both medical expectations, patients’ features (elderly, with
comorbidity and cognitive deficit), and the progressive nature
of the disease. For these reasons, we propose an intuitive home
monitoring system based on a configurable follow-up operating
protocol (OP), integrated with the HIS of the cardiology depart-
ment through a server software platform.

The complete H@H system has the client/server architecture
shown in Fig. 1. The clients are typically located at patient’s
home and consist of a set of wireless sensors to measure the
main vital signs (see Table I) and an additional device, the home
gateway (see Table II), that centralizes all computation and
communication resources. These domestic subsystems have
in turn a client/server structure where sensors are the clients
of the collection and transmission point represented by the
home gateway. The server platform, installed at health service
facilities, accepts data from gateways making them available in
the HIS and finally allows the management of all patient’s data
since their enrolment.

TABLE I
SENSING REQUIREMENTS AND VERSIONING

TABLE II
HOME GATEWAY HARDWARE RESOURCES

The home gateway [19] receives sensors data via point-to-
point Bluetooth connections initiated by the sensing modules.
Upon received, it processes all data to detect dangerous alter-
ations and then forwards them to the hospital server through
ADSL or mobile Broadband, to be further analyzed and flowed
into the HIS. In case of an alarm situation, caregivers or
relatives are contacted via SMS (i.e., reporting the abnormal
values that lead to the alarm), and all pending data are sent
to the server. Section V will explain in depth the sensors data
processing and the alarm detection task. The gateway normally
operates connected to the power line, but the internal battery
ensures about 5 h of autonomy in case of power failure. The
peculiar features of the target patients require the design of
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an intuitive and simple home gateway user interface. This
is able to display reminder messages, guide animations and
sounds when a planned activity time is reached according to
the OP. Patient can read the last measured values and the status
of sensor battery charge. Green, yellow, and red background
colors are used for information, warning, and error messages,
respectively. To simplify the use of the gateway, a five-key
membrane keypad is provided (i.e., Yes, No, Alarm sending,
and Up/Down scroll buttons).

The server platform is based on the webservices paradigm for
data reception and presentation and also for the interaction with
the cardiology department HIS and the patient’s information
management. The user interface allows the clinicians to interact
with the system, also in mobility, using the web browser.

The follow-up OP consists of a formal XML specification of
the list of daily actions to be performed during the monitoring
period (i.e., types and frequencies of measurements and drugs
assumptions), and it defines the behavior of the home gateway
in terms of alarm thresholds for each scheduled measures,
transmission policy (i.e., daily, weekly, immediate send), and
selectable symptoms. It is configurable according to the pa-
tient’s needs and remotely updatable if required via the server
platform. This novel concept embeds medical prescription for
the given patient in the home gateway.

The availability of multiple communication paths ensures
a good adaptability of the system in overall operating areas
and improves the fault tolerance. As the coverage of GSM
is close to 99%, the system reaches a very high degree of
connectivity. In the worst case, the GPRS upload data rate of
20 Kbps is sufficient to transmit all data in few minutes. Surely,
better performance becomes available with EDGE and UMTS.
Furthermore, the gateway is able to exploit the GSM network to
send SMSs to the physicians, patient’s relatives, and caregivers
in case of alert situation.

Authentication, integrity, and confidentiality of the commu-
nication are guaranteed by the HTTPS protocol. The use of
international standard for data communication, ANSI HL7-
RIM Clinical Document Architecture v2 [20]–[22] and XML,
improves the interoperability of the system as well as the
integration with existing HIS. All numeric and waveform obser-
vations use SNOME CT [23] or LOINC [24] standards codes.

The proposed system is conceived to allow a better assess-
ment of vital signs identified by clinicians as the most signifi-
cant in CHF through one or few daily measurements, being in
contrast to those systems that offer a continuous monitoring for
limited period. It does not introduce any remarkable overhead
with respect to regular activities of the medical staff. Indeed all
signs are flowed as row data into the patient’s electronic health
record, and, thanks to the provided automatic signal processing
capability, clinicians and caregivers are timely informed in case
of alarm detection. Moreover, H@H minimizes the impact on
the patient. The wireless biomedical sensors avoid connection-
cable encumbrance. The number of sensing modules is min-
imized, and the signal quality is not excessively dependent
on transducer positioning. The domestic gateway reminds the
scheduled activities, provides a graphical assisted procedure
that shows how to use the sensors, and acquires data without
requiring any preventive action to the user.

III. H@H SENSOR DEVICES

In general, biomedical sensors address the wearability/
portability, non-invasivity, wireless communication, and battery
duration concerns in order to be easily used autonomously
by the patients at home. Moreover, the system minimizes the
number of devices and sensors/electrodes to be positioned on
the patient’s body (e.g., three recording sites electrocardiogram
(ECG) instead of a more complex 12-lead ECG is adopted
to limit the effects of electrodes misplacement [25]). The
measurement experience consists of wearing/using the sensors
periodically, once or twice a day, only for the duration of the
acquisition without any long-period application of the sensors
as in different solutions.

According to the analysis carried out by the clinicians, inter-
esting vital parameters to monitor in a CHF patient are ECG,
SpO2, weight, blood pressure (BP), chest impedance, respira-
tion, and posture (see Table I for sampling details). To achieve
an asset for the implementation and to increase scalability of
the system, the sensing modules have been clustered into two
possible configurations: basic and advanced. Basic partitioning
is intended as the minimum set of requirements to ensure a com-
plete and useful telecare system in CHF. As advanced, we refer
to additional features in order to widen the kind of CHF patients
to be possibly enrolled into the telemonitoring and to cope
with other chronic diseases (i.e., chronic obstructive pulmonary
disease, diabetes). Since the basic configuration provides to the
HIS the needed data set for accurate CHF telemonitoring, then
the basic set in Table I is the one implemented for the medical
technology test reported in Section VI.

To achieve our goals, according to the basic configuration,
the H@H system is formed by a bunch of three Bluetooth and
battery-powered sensing devices, the commercial standalone
modules UA-767BT arm cuff device for BP readings and UA-
321PBT digital scale by A&D Medical and the new integrated
ECG-SpO2 module ad-hoc developed in the framework of this
project. The latter is based on a new multi-channel front-end
IC developed for cardiac sensor interfacing. The overall set of
devices is shown in Fig. 2, where the sensors positioning and
the limited impact on the patient are also visible.

All sensing devices exploit the Bluetooth 2.0 wireless tech-
nology for the communication with the home gateway. They
send only raw data, and any form of signal processing is com-
pletely demanded to the gateway. Class I transceivers, with near
7 dBm of transmission power, ensure an appropriate coverage
in the domestic environment.

The modules implement the Service Discovery Protocol
and the Serial Port Profile (SPP) to discover and wirelessly
communicate with the access point collection service, which is
identified in the home gateway, with optional link-level security
(128 bit encryption). Each sensor acts as initiator of connections
according to the following rules:

1) if it knows the default remote peer address (DRPA), it
begins the page procedure to establishes a point-to-point
connection (GAP Connectable Mode enabled), sends all
data, and closes the connection;

2) if no DRPA exists, the module initiates the inquiry proce-
dure for 10.24 s to discover remote peers in range (GAP
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Fig. 2. Sensors Positioning.

General Discoverable Mode enabled) offering the SPP
collection service (i.e., gateways):

3) all peers identified in step 2 are sequentially asked for the
authentication PIN (pairing mechanism);

4) the device that matches the PIN receives data from the
sensor, and in case of successful transmission, it becomes
the new DRPA;

5) if in the above step 1 the page procedure fails, steps 2 to
4 are performed to identify the new DRPA.

The sensors are provided to the patients already configured
to work with the given home gateway, hence at runtime only
the above step 1 is performed while the whole procedure is
required once at configuration time. In this condition, a mea-
surement simply consists of turning on the sensing device and
waiting until the end of the measurement process without any
preventive interactions with the gateway (e.g., device searches,
PIN typing, connection opening), introducing also benefits in
battery saving. Actual gateway implementation deals with one
active connection at a time, as required by the physicians which
defined a time-division strategy for bio-signal acquisition. Si-
multaneous connection attempts lead to discard attempts other
than the first. Anyway, this meets the user requirements as the
system guides the patient to follow the OP activities requesting
actions one by one.

With respect to alternatives such as Zigbee or point-to-point
WiFi links, Bluetooth 2.0 provides the desired tradeoff among
available bandwidth, security and reliability of the connection,
cost and power consumption of the node, and link distance. It
operates at 2.4 GHz, does not require line of sight positioning of
the units, and the frequency-hopping and fast acknowledgment
scheme improves the robustness of the link in noisy environ-
ments. Indeed, the nominal data rate is around 2 Mbps against
∼18 Kbps required by the ECG-SpO2 device. Zigbee, although

its very interesting for its power consumption, is still a new
product with respect to the cheaper and more diffused Bluetooth
technology.

A. ECG-SpO2 Module

The ECG-SpO2 module is a new sensing device, devel-
oped ad hoc in the H@H project. Specifically, the module
provides electrocardiographic, pulse oximetry, and plethysmo-
graphic measurements by means of proper sensors and elec-
trodes placed on patient’s body, implementing non-invasive
techniques. It is hosted in a robust and small size ABS case
(92× 150× 28 mm, 200 g) powered by an integrated recharge-
able 3.7 V and 1700 mAh Li-Ion battery able to ensure 18 h of
continuous operability (i.e., more than 3 months of acquisitions
considering 5 min track twice a day).

The module uses an ECG patient trunk cable with four
leadwires: RA, LA, LL, and RL (neutral) to provide the elec-
trocardiographic signal. The sensor for pulse oximetry and
plethysmographic measurements is a classical fingerclip reader
type to be applied at patient’s first finger. In accordance with
the physicians, the Einthoven’s 3 leads ECG configuration
is considered sufficient for our purposes (e.g., detection of
heart rate (HR) and rhythm) and not excessively dependent on
the transducer positioning. All such signals are conditioned,
digitalized and then packetized, and finally transmitted via
Bluetooth protocol. The ECG-SpO2 device outputs digitalized
waveforms of two standard limb leads, the oxygen saturation
in the blood, the plethysmographic waveform, and the battery
level. The final appearance of the sensing module and its
schematic view are shown in Fig. 3.

Integrating ECG and SpO2 functionalities in a novel single
device reduces the number of sensing devices in the final system
and also enables to acquire synchronized ECG and SpO2 or
plethysmogram traces. This allows a larger and more specific
amount of information for advanced analysis and multi-sensor
data fusion (e.g., the Pulse Transit Time estimation).

As reported in Fig. 3, the ECG-SpO2 module is realized
assembling its building blocks on a single printed circuit board.
All communications within the board take place under the coor-
dination of a dedicated firmware running on the MSP430F2418
Ultra-Low Power Mixed Signal Controller, responsible for
mixing raw data before passing them to the Bluetooth interface.

The core of the ECG block is an ad-hoc developed
application-specific integrated circuit (ASIC), very compact
and high configurable, able to integrate the ECG functionality
into portable and wearable devices. The technical specifications
of the chip, called CARDIC, are summarized in Table III, while
a detailed description of the chip architecture and performance
is provided in Section IV.

The ECG-SpO2 module also hosts the ChipOx OEM by
Envitec for pulsioximetry measuring, being fully configurable,
highly dimension-contained and with low power consumption.
Together with SpO2 readings, the device gives also HR digital
data and a digitalized plethysmographic waveform (PPG). The
range of measure is from 45% to 100%, with an accuracy of
1.5%–2% for oxygen saturation and 0–255 LSB at 100 Hz, with
accuracy > 6 ppm/LSB for plethysmography. It consumes up
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Fig. 3. Architecture and final appearance of the ECG-SpO2 module.

TABLE III
ASIC CARDICTECHNICAL SPECIFICATION

to 25 mA at 3.3 Volt of power supply, and it communicates
over an UART-TTL with a baud rate of 9600. Its dimensions
are 31× 14× 5 mm.

The Bluetooth communication leverages the OEMSPA312i
by Connect Blue, which is a small size module based on the
Phillips BGB203 system in package. The BGB203 has on-chip
SRAM and FLASH stacked in the same package. The chip is
compliant with the 2.0 standard and the Class I specification.

B. UA-767BT BP Monitor

Regarding non-invasive BP measuring, the market offer and
the cost effectiveness led to the choice of a commercial stand-
alone solution by A&D Medical (see Fig. 4). This arm cuffed
automatic meter, based on the oscillometric method, is already
used in various telemedicine systems as it is certified for
medical use and can be employed also at home. It is equipped
with Bluetooth class I communication capabilities in order to
send the acquired systolic and diastolic values to a base station,
and it is able to store up to 30 measurements waiting for
transmission. It outputs also HR frequency. All values have
8 bit precision; the sensibility range and the accuracy are
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Fig. 4. UA-767BT blood pressure monitor and UA-321PBT digital scale.

20–280 mmHg and +/−3 mmHg, respectively. Dimensions are
147× 64× 110 mm with about 0.3 Kg of weight. The power
supplied by 4 × 1.5 Volt AA batteries ensures near 6 months of
operability in normal OP (i.e., two or three measures per day).

C. UA-321PBT Digital Scale

The market of digital scales offers interesting Bluetooth
enabled products allowing for wireless transmission of multiple
readings, thus avoiding cable encumbrance. These devices are
user-friendly, with a low-profile design, and are not expensive,
commonly used in fitness and telecare systems. The A&D scale
shown in Fig. 4 measures only weight and belongs to the same
series as the UA-767BT, so they have the same Bluetooth data
communication specification. The current reading is visualized
on an on-board LCD display and sent to the base station. All
values are expressed with 5 bytes, and a simple conversion
formula is needed. It has a maximum capacity of 200 Kg and an
accuracy of +/−0.1 Kg. The dimensions and weight are 300×
300× 30 mm and 1.0 Kg, respectively. The battery life of the
4 AA batteries ensures approximately 1000 measurements (i.e.,
more than 1 year in classical OP).

IV. IC FRONT-END FOR CARDIAC SENSORS

CARDIC is an ASIC designed and manufactured in order
to be very compact and fully configurable for multi-sensor
integration in wearable and portable medical devices. It ensures
multiparameters medical acquisition, offering a cost-effective
solution able to meet requirements coming from both monitor-
ing and diagnostic demand. Indeed, as in the automotive case
[26] the medical monitoring field has a potential large volume
market justifying the development of a mixed-signal IC for
high-performance sensor front-end.

The chip is developed in AMS CMOS 0.8 μm CXZ 2 Metal
Layers 2 Poly technology and is fully assembled in a 14×
14× 1.4 mm TQFP 128 package. The core architecture has
been implemented taking into account the typical constraints
of biomedical signals monitoring: like standard ECG, BP, and
body temperature. Typical power supply voltage is 5 V. Digital
in and output pins are compatible with 3.3 V power supply
level. The operating temperature is from 0 ◦C to 70 ◦C. The
overall IC characteristics are reported in Table III.

Referring to the IC functional block in Fig. 5, the following
main parts can be pointed out as a description of the chip
features and functionalities:

• a fully configurable multi-channel ECG block including
eight input differential channels for signal conditioning
(amplification, filtering, offset regulation) of 3-5-12-leads

ECG systems, an adder generating the Central Terminal
Point (CTP) for prechordial leads, a right leg (RL) driver
and a SHIELD driver in order to reduce the Common
Mode 50 Hz noise, a Pace Maker detector section for pace
pulses detection on a dedicated pin. All is in conformity to
IEC 60601-2-51 2003-02 standard;

• one analog channel designed for decoupling and amplify-
ing a BP signal coming from an optional external pressure
sensor;

• one analog channel able to process a temperature signal
provided by an external temperature sensor;

• one programmable analog MUX for switching among the
channels to be converted by the ADC;

• one 16 bit (12 bit linearity) cyclic algorithmic ADC to
convert the voltages from the analog channels;

• a serial peripheral interface (SPI) to configure the chip
settings and for data readout;

• one battery channel for monitoring the battery status.

The structure of a single ECG channel is shown in Fig. 6. It
is mainly composed by an instrumentation amplifier (IA) with
high common mode rejection ratio (CMRR), a programmable
gain amplifier (PGA), a BUFFER, and an offset regulator block.
The IA has a high CMRR, 100 dB typical, 92 dB minimum,
in order to reduce environmental electric interferences, like the
50 Hz noise from the industrial network, always present in both
electrodes, that are connected with human body, and ground.
The power supply rejection ratio is 100 dB typical, 96 dB
minimum. The first-order high-pass filter, obtained through an
external capacitor, removes low-frequency baseline wandering
that is so common in ECG circuits (usually due to electrodes).
An anti-aliasing filter is obtained with external RC network.
The PGA stage can provide four gains, that are 18, 24, 36 and
48, for standard ECG measurement. The IA has a gain of 15.6
set with an external resistor of 1.2 MΩ. Therefore, the total gain
can be configured up to roughly 700. The third stage is a buffer
section with fast settling which sends out the signal to the ADC.
Each ECG channel has some switching MUXs placed in the
input section, and it is configurable via SPI command. The ar-
chitecture of the ECG channel allows to implement the baseline
fast restoring, useful any time variations in the baseline of the
signals due to artefacts cause a temporary saturation of the IA.
Offset regulator and gains regulator procedures are also avail-
able for each channels. If the ECG measurement is chosen, a
cyclic procedure is activated, and the analog MUX connects this
section to the A/D converter. Within 100 μs (worst case), all the
channels are processed. Each ECG processing channel has been
also characterized in terms of noise: the input referred noise
measured in the range 0.1 Hz to 150 Hz is within 10 μVrms.

The Adder block is used to obtain the CTP signal reference
to be used as inverting input for each channel that receives a
pre-cordial signal. A driven RL circuit (RL Driver block) helps
to set the common mode, and it is safer than connecting the RL
to voltage reference. The circuitry able to drive in active mode
the shield of the ECG cables (SHIELD Driver block) helps to
reduce the Common Mode 50 Hz noise.

The pacemaker detector block (see Fig. 7) provides band
pass filtering on the ECG signal, full wave rectification for
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Fig. 5. CARDIC chip schematic view.

Fig. 6. ECG signal channel for analog preprocessing.

detecting pacemaker pulses of either polarities, peak detec-
tion on the filtered and rectified signals, and discrimination
relative to a programmable threshold level. Once a pace-

maker pulse is detected, it provides on the dedicated output
digital pin a pulse whose duration is set by an external RC
network.
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Fig. 7. Pace maker detector block diagram.

The BP section includes two channels. An analog channel
that converts a DC single ended, ground referred voltage to
a differential voltage suitable to be converted by the on chip
ADC, and it amplifies this signal. Input signal ranges between
0.5 V (0 mmHg) and 1.7 V (300 mmHg). The offset voltage for
single-ended/differential conversion is provided by the internal
references generator block. Another analog channel amplifies
the ac component of the input pressure signal and translates
the dc component around a reference voltage. Extraction of
ac component is assured by two external capacitors and one
external resistor. If the BP measurement is chosen, a cyclic
procedure is activated, and the MUX connects this section to
the A/D converter.

The skin temperature measurement channel uses a NTC re-
sistor as input sensor: the NTC resistor has a nonlinear voltage-
temperature characteristic so an additional resistive network,
shown in Fig. 8, is used to improve the linearity of the response
according to the following equation:

RLIN (T ) = (RNTC(T ) +R3) ‖R1. (1)

The chosen values in Fig. 8 (R1 = 18 kΩ, R2 = 3.75 kΩ,
R3 = 1 kΩ, NTC with 10 kΩ at 25 ◦C and beta of 3976,
VREF_TMP_IN1&2 of 3.5 V and 1.5 V, respectively) optimize
the response linearity of the acquisition system in the range
32 ◦C to 46 ◦C, including the human body temperatures.

The ADC structure used in this design is a cyclic/algorithmic
architecture with 1.5 bit per cycle, made by three main blocks:
a sample and hold stage, comparators stage and a residue
multiplying DAC stage. ADC needs 16 clock cycles (1 MHz)

to produce a 16 bits output code. ADC code output is serially
transmitted on output pin. The ADC has an INL of ±1 LSB
and a DNL of 0.75 LSB (worst case). The offset and error gain
of the ADC are below 0.5% and 1.5% of the full scale range,
respectively. Finally, the battery channel in Fig. 5 is used to
monitor the battery status. To be noted that integrated bandgap
circuits are used to internally generate reference levels from
1.1 V to 3.5 V.

In the H@H telemonitoring platform, the CARDIC IC has
been configured so that the ECG is acquired involving only
three channels and the RL driver while the optional BP channel
is not used (BP is monitored as discussed in Section III).
Although temperature has not been identified by the clinicians
as a key parameter for CHF, the presence of this channel allows
also for body temperature monitoring useful for upgrades of
the H@H platform to other disease in order to create a multi-
purpose configurable monitoring system.

V. H@H SENSOR SIGNAL PROCESSING

Sensor data signal processing, implemented in the home
gateway, assumes an important role within remote health mon-
itoring system, being in charge of detecting as soon as possible
alterations in the vital parameters that are potentially dangerous
for the patient. The aim is to extract the meaningful information
in the fastest way. In this way, the physicians are timely alerted
if anything out of the ordinary is found, and they have in the
HIS all patient’s data to plan the following actions.

The processing core is an Intel ATOM N450 at 1.66 GHz,
providing a computational capability of about 5000 MIPS, with
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Fig. 8. Temperature channel block diagram.

512 KB L2 on-chip cache memory and off-chip 1 GB DDR2
memory. Its computational and storage capability are enough
for a real-time processing of data collected from the sensors.

Data processing involves three main steps:

1) preprocessing: raw data provided by the sensors are fil-
tered to remove noise and main interferences (i.e., power
line or movements artefacts). Extraction and gathering
of derived information are also accomplished (i.e., HR
from ECG track). Resulting low quality signals arising
from sensors misplacement or corrupted by heavy motion
artefacts are detected and the system asks for the mea-
surement repetition;

2) analysis: the results of the previous block are compared
with the thresholds that establish the admissibility range
for punctual values or trends over a medium period.
All values must lay within the safe zone defined by the
clinicians. Maximum, minimum, and average values are
checked by an expert system;

3) false positive avoidance: to reduce the number of alarms
generated for example due to temporary stress, in case
of abnormal value, the same measurement is shortly
deferred and only if confirmed the alarm is raised. Both
observations are stored and tagged accordingly.

The signal processing chain is implemented in C language
leveraging, respectively VSIPL library, libbluetooth, libSSL,
libXML, libgtk to support filters implementation, Bluetooth
management, security, XML parsing, and graphical develop-
ment. The main concerns of the system, data acquisition, pro-
cessing algorithms, data transmission, data presentation, and
scheduling of activities were implemented in separated threads
to ensure a high modularity and the maximum flexibility. A
permanent storage of pending data waiting for transmission

avoids that power supply failures will result in data loss. The
gateway provides also the possibility to store in a local database
all collected vital signs occupying less than 1 Gb for one year
observation.

A. ECG

ECG signal is, obviously, one of the most significant and
reliable sources of information for CHF patients monitoring.
Expert cardiologists within the project have considered that
special attention should be given to four signs of heart
deterioration:

• Abnormal heart frequency, above 120 or under 50 beats
per minutes

• Emergence of atrial fibrillation (AFIB) episodes
• QRS complex of more than 120 ms with complete left

bundle branch block morphology
• Signs of myocardial ischemia

Early detection of these symptoms is decisive in the preven-
tion of cardiac threats. Home monitoring, such as the one devel-
oped in this project, allows the physicians to periodically check
the ECG of the patients without unnecessary visits neither to
the patient’s home nor to the clinic. However, this can still be
improved. Making a prior study of the ECG at the patient’s
house makes it possible to repeat those measures that obtained
unexpected results and to raise early alarms for the physicians
to check certain patient’s ECG sooner. At this project, the ECG
analysis is separated in two parts. The first one extracts basic
features for HR calculation or respiration analysis. The second
part uses the extracted information to evaluate the presence of
AFIB episodes.
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Fig. 9. ECG main points and signal processing for QRS detection.

1) Basic Feature Extraction: The starting point for any ECG
analysis is feature extraction, particularly the QRS complex
detection that is nearly always the reference point within the
ECG signal. A first derivative-based algorithm [27] combined
with a rule-based system [28] is used for the QRS complex
detection. Fig. 9 shows the main points of the ECG and the
steps of the processing algorithm. The signal is filtered using
an optimum Kaiser filter band pass 85th-order symmetric FIR
in order to keep just the central frequencies (8 to 30 Hz) where
the QRS complex information lays. This kind of filter has linear
phase, constant delay, and it is reasonably sized. Afterwards,
the signal is differentiated, squared, and averaged by using
a rectangular sliding window. Comparing the averaged signal
against a threshold creates a set of windows that allow recog-
nizing the R peaks in the filtered signal (maximum positive
within the window). The R peak has still to pass through a
rule-based system that evaluates whether the detected QRS is
a valid QRS complex or not basing on the distance in time
between consecutive peaks: i.e., if two peaks are closer than the
refractory period of the myocardium (200 ms), one of them is
discarded. Then, the T-wave discrimination is performed, being
stricter about those peaks situated 200–360 ms later than an
accepted R peak. The rule system is also used to check for
possible missed peaks when the current RR interval is 1.5 times
the previous RR interval. In addition, a 50 Hz notch filter is
applied to the signal. This filtering does not affect the detection,
but it improves the legibility of the track for further medical
review. Fig. 10(a) and (b) show the raw and filtered signal.
There is also a cubic spline data interpolation algorithm that
extracts the envelope of the R peaks as an indication of the
respiratory activity. Fig. 10(c) shows the envelope signal of
the peaks. Maximum, minimum, and average HRs along the
track are calculated (RR interval) and analyzed using a 30 s
window that is shifted along the time axis on 5 s length steps.
The VSIPL library linear FIR function was used to implement
the Kaiser filtering, and additional IIR filtering and cubic spline
interpolation functions have been developed based on the basic
functions of the library.

2) Abnormal Heart Frequency: At the basic configuration,
heart frequency is calculated using a 30 s window shifted

along the time axis on 5 s length steps. For each step, the
number of beats within the window is counted, and that value is
extrapolated to a 60 s window to the beats per minute value.
Maximum, minimum, and average HRs along the track are
calculated. If these values go higher or lower than the limits
established by the physicians, an alarm is raised.

3) AFIB: AFIB is one of the most common arrhythmias,
particularly between elder people. It is the cause of approx-
imately one third of hospitalizations for cardiac rhythm dis-
turbances. An estimated 2.3 million people in North America
and 4.5 million people in the European Union suffer from
AFIB, and with the aging of the population, the number of
patients suffering from this condition is definitively going to
increase. AFIB is a heart condition where the activation in
the atria is fully irregular or chaotic. This might be caused by
an irregular focal triggering mechanism involving automatic
cells or multiple reentrant wavelets that randomly excite tis-
sue that has previously just been activated by the same or
another wavelet. Irregular atrial activity is reflected in the
ECG as the absence of P waves before the QRS complex
and fluctuating waveforms in the baseline. Organized ventricle
activity allows QRS complex to maintain its usual shape, but
with irregular rates so RR interval will show sharp variations,
see Fig. 11.

There are multiple approaches to AFIB detection. Many of
them are based on RR interval variability and its statistics: in
[29], the authors compare the standard density histogram of
the RR interval length (RR) and RR difference (ΔRR) with
previously compiled standard density histograms segments dur-
ing AFIB. In [30], the previously calculated histograms of the
normalized ΔRR for AFIB and non-AFIB episodes are used
to calculate the probability that a sequence of consecutive RR
is part of an AFIB episode. They compare the histograms of
the normalized ΔRR for both AFIB and non-AFIB episodes
and demonstrate that they can be approximated by Laplace and
Gaussian distributions. In [31], a linear discriminant classifier
fed with RR intervals statistics is used. A method based on the
random characteristics of the AFIB intervals and the Shannon
Entropy is discussed in [32]. Both [29] and [31] need AFIB
templates or training data while [32] is a purely statistic method
that does not need any training data.

Another common approach is to separate the atrial activity
from the ventricular activity in order to analyze the atrial
behavior. It is necessary to take into account that atrial and
ventricular activity occurs in the same frequencies and some-
times, as during AFIB, at the same time. There are multiple
documented methods to do this. Some are based on detect-
ing and subtracting the QRS complex. Others are based on
representing the ECG signal in a distributed way (principal
component analysis (PCA), wavelets, etc.) that allows the atrial
activity to be separated. [33] presents a solution based on
PCA (Karhunen-Lòeve Transform). After calculating first 12
coefficients of KLT of the V1 lead, it concludes that coefficients
1–2 contain ventricular information, 3–8 contain atrial activity
information, and 9–12 contain noise. [34] reconstructs the atrial
activity using components 3–8 and after makes a study in
frequency of that activity. [34] presents a similar solution based
on wavelets. Atrial activity is mainly contained in 4–9 Hz
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Fig. 10. (a) ECG signal; (b) filtered signal plus R peaks; (c) R envelope signal.

Fig. 11. AFIB detection.

frequencies and can be isolated using certain coefficients of the
stationary wavelet transform (SWT). Other authors mix classic
RR interval analysis with additional indicators to decrease the
number of false positives detected with the previous methods.
[35] proposes a method based on RR intervals mixing it with
P-wave detection. It also includes a hysteresis counter to de-
termine the beginning of an episode only if several consecutive
sets of parameters have been classified as AFIB. It uses Markov
process modeling to analyze RR interval regularity. P wave
detection considers P wave location (PR interval variation) and
morphology.

For this project, a variation of the approach in [35] has been
adopted. RR interval variation and PR interval variation are
used to detect the presence of AFIB episodes. As shown in
Fig. 12, each of them is modeled as a separate three state
Markov process. Each interval is evaluated to decide whether
it is short (S), regular (R), or long (L) with respect to the mean

of the interval length (IntLen); interval means (IntMeam) will
be determined recursively following the relation

IntMean=(mw)·IntMean(i− 1) + (1−mw)·IntLen(i).
(2)

The mean weight parameter determines how sensible should
the mean be to the variations of the actual interval. Any Markov
process is characterized by two transition probability matrixes,
see Table IV, where the probability of transition from one state
to another is represented for each of the studied cases (AFIB or
non AFIB beat).

The best feature of Markov processing is its capability to
evaluate a sequence of events before reaching a conclusion.
In this case, it recursively evaluates the probability of a beat
belonging to an AFIB episode considering the state transitions
of the previous chainLength beats

Initialcondition : proAFIB(i)=1; proNonAFIB(i)=1;

recursivecondition : for k ∈ (2, chainLength)

proAFIB(i)=proAFIB(i)

· transMatAF (RRcode(k), RRcode(k−1))

proNonAFIB(i)=proNonAFIB(i)

· transMatNonAF

×(RRcode(k), RRcode(k−1))

Finally, the Markov score for a single beat will be

score(i) = log

(
proAFIB(i)

proNonAF (i)

)
. (3)

Beat to beat AFIB detection has a huge problem with very
short detected episodes. A three-beat fibrillation episode can
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Fig. 12. AFIB detection flow chart.

TABLE IV
TRANSITION PROBABILITY MATRIXES (TRANSMAT) FOR RR INTERVAL

TABLE V
STATISTIC RESULTS (SE: sensitivity = TP/(TP + FN), PPV:

Positive predictive Value = TP/(TP + FP))

hardly be of any interest. In order to avoid false positive detec-
tions, two symmetric independent hysteresis counters have been
implemented. They evaluate separately the possibility of a beat
being AFIB giving a score from −10 to 10. Table V summarizes
the results obtained with an external evaluator (Epicmp function
included in physioTools [40]) excluding from the statistics
all episodes shorter than 1 min, as they are discarded in
the application. Sensitivity gives an idea of the accuracy of
the system, while positive predicted value gives an idea of the
robustness of the system against false alarms (false positives).
The obtained results show the robustness of the system. It is
important to remark that this algorithm is only used to give
additional information and warnings to the medical personal of
the project, not for diagnose.

B. SpO2 and Plethysmographic Wave

Oxygen saturation indicates the percentage of haemoglobin
molecules in the arterial blood which are saturated with oxygen.
Concerning SpO2 signal analysis, normal values in healthy
adults range from 94% to 100%, while in CHF patients, oxy-

genation level outside this interval could be assumed as warning
situation. A frequent monitoring is necessary to avoid these
changes to go undetected. Typically, SpO2 is acquired once
or twice per day, and each acquisition lasts some minutes. The
analysis step for SpO2 has in the worst case a complexity linear
with the number of samples both in computation and memory.
It involves maximum and minimum levels over the track and
also the average value, extracted by an on-line digital low-pass
FIR filter. An example of trend of the average SpO2 value along
a week is shown in Fig. 13. In this case, all values are included
in the safety zone and no alarms are raised.

The plethysmographic wave is a simple way to detect blood
volume changes in the microvascular bed of tissue. The wave-
form is composed by two main parts: a pulsatile physiological
waveform due to cardiac synchronous changes in the blood
volume with each heart beat and a slowly varying (“DC”)
baseline with various lower frequency components attributed
to respiration [36]. The availability of this signal in the system
represents another source for the HR calculation and moreover
leaves open the possibility to extract information about the
respiration frequency in non-invasive fashion. There is also in
literature some evidence that the BP could be extracted from
this signal [37].

C. BP

BP is the pressure exerted by circulating blood upon the
walls of blood vessels. During each heartbeat, BP varies be-
tween a maximum (systolic) and a minimum (diastolic) level.
In this segment of population, the abnormality of punctual
values of BP and its variability in a short period are the main
manifestations of cardiac instability. For these reasons, more
measurements per day are suggested. The systolic and diastolic
punctual values provided by the sensor are analyzed to find un-
der or over threshold situations, and the general trends of both
parameters are verified looking for suspicious variability. The
complexity in terms of memory and computation is linear with
the number of values considered. An example of observation
of BP, one month long, is shown in Fig. 14 along with the
safety thresholds. It is possible to observe an under threshold
and an over threshold situation, respectively, for the diastolic
and systolic parameters.
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Fig. 13. Example of SpO2 average level trend (29th of June to 6th of July).

Fig. 14. Example of blood pressure trends, comparison thresholds defined in the OP are also visible (1 month).

Fig. 15. Example of weight trend from 20th to 28th July.

D. Weight

This parameter is related to the body mass. As far as weight
signal processing, it is very easy to measure as well as very ef-
fective in the CHF management. A rapid gain of this parameter
means fluid retention in the patient, and it is one of the cardinal
and dangerous manifestation of CHF. Frequent monitoring of
the weight trend allows for simple detection of a gain. Increases
of 1 Kg in a day or 3 Kg in a week is generally considered as
alarm situation. The system is able to store a sufficient series of
punctual values sent by the scale in order to extract the trend.
To avoid impossible values of weight, i.e., other people uses
the scale, a difference of more than 3 kg respect to the last
observation leads to discard it. Fig. 15 shows an example of
weight trend where the signal processing step finds out two

dangerous situations: a gain of 1.4 Kg within 24 h and the
second one due to 3.0 Kg gain in the last 7 days.

VI. TESTING AND RESULTS

Exhaustive testing of HW/SW platforms is a key issue for
their adoption in telemedicine systems [38], [39]. Each devel-
oped component passed the unit test. From the hardware point
of view, the novel ECG-SpO2 module was subjected to the
electrical certification, and the home gateway was tested after
the replacement of the native keyboard with the custom mem-
brane keypad. The operational correctness of the software ele-
ments has been verified using conventional software validation
procedures. Both the sensor firmware and the multithreading
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application software executed on the home gateway have been
heavily tested, with particular attention to the concurrence and
the responsivity. Moreover, all the signal processing algorithms
were tested making use of signal simulators (i.e., ECG simu-
lator) and manually generated values. Additionally, the QRS
detection algorithm has been tested using PhysioToolkit and
PhysioNet databases [40], obtaining a 99.7% of sensitivity and
99.8% of positive predictive value on MIT_BIH_Arrythmia
database [41] and also on MIT_BIH AFIB [41] obtaining a
99.54% of sensitivity and 99.36% of positive predictive value.
The following integration test verified the end-to-end commu-
nication in the system, and the overall system-level interactions
of the different HW and SW parts, also with the execution of ad-
hoc prepared scenarios and the involvement of healthy users to
test if the behavior of the systems meets the expected one. An-
other important phase before the final technical demonstration
was conducted enrolling for a month two patients, minimally
aware of ICT and younger than the CHF average age. The first
impressions of physicians and patients coming from these tests
were taken into account to tune the final version of the system.

Once completed the unit and system prototype, a techni-
cal validation of the system has been implemented involving
30 patients with CHF disease in NYHA class III and IV, with
an average age of 62 years and recently hospitalized for HF.
The size of the set of CHF-affected patients is similar to those
of other works published in literature about ICT systems for
CHF monitoring [42]. The minimum period of monitoring
was one month. All devices were provided in a single bag,
with the dimension of those carrying 15′′ laptop computer,
and an overall weight of 2, 8 kg to be transportable every-
where. Patients were enrolled in the study at time of discharge
from the hospital where they were admitted for acute heart
failure or during a routine ambulatory visit. Main inclusion
criteria were diagnosis of heart failure, class NYHA ≥ III, at
least one hospitalization for acute heart failure in the previous
6 months, agreement to take part in the study. Acute coronary
syndrome within 3 months before the enrolment was the only
exclusion criterion. Physicians that took part to the study were
all cardiologist, involved in the management of patients with
heart failure. They also checked out information arrival in HIS,
evaluating the quality and coherence of data collected and
the relevance of the alarms. The quality and the reliability of
acquired signals and generate alarms, the robustness of data
transmission, and the system effectiveness from the medical
perspective were evaluated as a key point of system function-
alities. On the other hand, the ergonomic of patient’s interfaces
was evaluated, as well as the general end-user usability of
the sensing devices and the home gateway. A specific testing
protocol and a questionnaire have been developed to gather
patients, caregivers, and physicians feedbacks and validate the
system.

The results show a very limited number of activity misses
(< 3%), mostly in the first days of monitoring, confirming also
the property of such system to improve the therapy compliance.
Moreover, the number of false positive alarms is less than 5%.
No connectivity and transmission problems, including data lost,
occurred. All end-users reported a positive feedback and good
satisfaction level in the final questionnaire. The scores reached

TABLE VI
PHYSICIANS’ AGGREGATION FEEDBACKS

Fig. 16. Feedbacks aggregation result of patients.

in each macro-parameters are shown in Table VI and Fig. 16,
respectively, for medical staff and patients. Physicians reported
that the use of this platform does not load up in a significant way
their regular activity, but represents a valid means to control
at distance the evolution of the followed patients thanks to the
high quality of acquired signals and alarm detection capability.
All physicians involved in the demonstration are definitively
in favor of the adoption of the H@H system. The 89% of the
patients report a very high satisfaction level, highlighting the
friendliness of the solution and the easiness to follow the daily
therapy.

Due to the success of the H@H technology test under medi-
cal control, a clinical validation, including an economical evalu-
ation (with OPEX/CAPEX capital and operational expenditure
analysis), with more than 500 patients has been already planned
in the Italian Regional Tuscany Health System.

VII. COMPARISON WITH THE STATE OF THE ART

This section underlines the distinctive features of the H@H
platform with respect to telemedicine systems specific for CHF
or suitable for this kind of disease and with some dedicated
prototypes and projects. Systems based on telephone calls or
web portal [43] to report symptoms and measures have to be
discarded for scalability and usability issues.
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Similar commercial systems in terms of supported vital signs
[44]–[46] use proprietary data formats and dedicated databases
limiting the degree of interoperability and integration with
existing departmental HIS, while they rely on dedicated call
centers. The user interfaces and the collection gateways (i.e.,
PDA or smartphone) are in some cases quite complicated with
respect to the patient’s ability [45],[46]. Others involve 12 lead
ECG prone to mispositioning issues [47]. In literature, there
are systems where often one main parameter, pulse oximetry
as in [48] or ECG only as in [49] or [50], is acquired (not
enough for CHF). Despite the importance of the activity level,
home monitoring using motion sensors [51], [52] is useful more
for presence or fall detection rather than for early diagnosis of
CHF. In [53], weight and BP are monitored, and the user has to
manually type the values in the gateway for sending, while [54]
is based on a T-shirt equipped with sensing areas to measure
the ECG, temperature and activity level. In different ways,
they result scarcely usable for elderly patients and provide
less vital signs that identified in the medical requirements.
Our architecture differs from similar ones such as [55]. In that
work, only ECG and SpO2 are included that again are less than
the minimum required by clinicians for clinical monitoring of
patient with CHF. Additionally the user interface running on
PC is not suitable for elderly people. All previous solutions do
not include advanced signal processing functions in the home
gateway for early warning of the remote system. Instead, they
demand all processing to the remote host, applying only noise
removal on the captured signals.

The chipsets for ECG front-end and parts of the sig-
nal processing (i.e., Texas Instruments [56], [57] and IMEC
[58]–[61]) cannot be compared to H@H system since they
represent only a subsystem as the CARDIC subunit. CARDIC
offers a multi-channel analog front-end IC for bio sensor in-
terfacing. Texas Instruments has a family of IC ADS119x and
ADS129x and ADs1258/ADs1278 with up to eight channels
(CMRR up to 100 dB, noise levels in the order of few μV),
with PGA, 16 bit or 24 bit ADC integrating the circuitry needed
to interface 1 or multiple ECG or EEG electrodes. However,
some external components to build up a complete monitoring
system (i.e., channels for external temperature sensor or BP
sensors, pace maker detector) are missing. CARDIC instead
integrates all missing elements (see Table III) reaching a deeper
integration level than the TI 16-bit ADC version. IMEC has
developed several versions of ICs for ECG and EEG with
integrated signal processing in the analog or digital domain.
Such systems are optimized in terms of low power consumption
(less than 1 mW with designs realized in 0.5 μm or 180 nm
while CARDIC is in 0.8 μm) but have only 1 channel and
just dedicated to ECG while CARDIC has 12 channels for
interfacing ECG electrodes or other sensors. Hence, IMEC
design is more suited for ultra low-power wireless HR mon-
itoring system for wellness or general healthcare. CARDIC
is more suited for clinical applications where more channels
and sensors are required. H@H systems do not require ultra
low power, and the advanced signal processing is demanded to
the home gateway, which is realized using a commercial off-
the-shelf programmable core, the Atom processor, rather than
designing application-specific DSP system integrating single-

chip microcontroller and hardware accelerator IP cells [62],
[63]. Overall, the H@H system addresses the usability concerns
through an easy-user interface designed to allow the patient
to follow autonomously the therapy at home. It allows multi-
parametric monitoring, according to the clinicians recommen-
dations, based on easy-to-use sensing devices (i.e., 3-lead ECG,
BP, weight in basic configuration) and flexibility, through the
OP, to meet the individuality of the end users.

VIII. CONCLUSION

This work presents the requirements and the realization in
terms of sensing devices and sensor data signal processing
of a complete and integrated ICT platform to improve the
provisioning of healthcare services for CHF patients. The H@H
system proposes an innovative home care model in order to
support in integrated and coordinated fashion the whole process
of the patient treatment, connecting in-hospital care with out-
of-hospital follow up. With the remote monitoring, the medical
staff can realize changes in the parameters of patients without
frequently visiting them and consequently they can take con-
cerned action to prevent possible aggravations. The benefits
extend beyond the early detection of clinical exacerbation to op-
timizing specialized resources scheduling and to reduce unnec-
essary travels to hospital. The system definition was completely
driven by the end-users resulting in a platform particularly
effective and practical with respect to other telemonitoring trials
and state-of-art products. One of the main system novelties is
represented by the home gateway which embeds, through the
so-called OP, the medical prescription for any given patient.
Moreover, it locally performs all the sensor signal processing
and alarm detection. The OP is configurable according to the
patient’s needs and remotely updatable if required via the
server platform. The basic sensors kit established by physicians
includes two commercial devices for weight and BP and a
new developed module for acquiring synchronized ECG and
SpO2 track leveraging a multi-channel front-end IC for cardiac
sensors. This again represents a novelty aspect with respect
to the state-of-the-art together with the use of international
standards for data exchange to favor the integration/interaction
of the platform with other systems or biomedical sensors. The
overall cost of a kit, considering the first prototype and test
phase of H@H with 30 kits produced, is close to 1000 euros.
Adopting the H@H telemonitoring CHF system in a large scale,
e.g., in national health system, the kit cost can be reduced in
the range of hundreds of euros. First technology assessment
in a real medical scenario with tens of patients affected by
CHF disease NYHA class III and IV, under remote control for
some months of cardiologists using their usual HIS, proves the
effectiveness of the telemonitoring system from both patients
and caregivers point of view. Key points underlined by the end-
users are the goodness of the sensor data analysis implemented
at the home side, enabling early and accurate detection of
destabilizations in vital signs and naturally the usability of
the system. Summarizing the H@H system meets end-user
expectations, and, in particular, physician have already planned
a clinical validation, including an economical evaluation, with
more than 500 patients in the Italian Regional Tuscany Health
System.
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