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7) ABSTRACT

It is disclosed an electronic system to control the acquisition
of an electrocardiogram. The system comprises a portable
electronic device and a mobile electronic device. The mobile
electronic device comprises an optical device for acquiring
real-time images of a portion of a human body, a screen and
a processing unit. The portable electronic device comprises
a first, a second and a third electrode. The processing unit of
the mobile electronic device comprises an electrodes place-
ment guiding module for the first, second and third elec-
trode. The screen is configured to display a real-time image
representing said portion of the human body and further
comprises a first positioning mark, a second positioning
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ELECTRONIC SYSTEM TO CONTROL THE
ACQUISITION OF AN
ELECTROCARDIOGRAM

BACKGROUND

Technical Field

[0001] The present disclosure relates to an electronic
system to control the acquisition of an electrocardiogram.

Description of the Related Art

[0002] The electrocardiogram (ECG) is very important in
determining the presence of cardiovascular diseases.
[0003] For example, the electrocardiogram allows to
determine the presence of acute myocardial infarct, localize
the origin of an ischemia, diagnose the presence of tachyar-
rhythmia and monitor the therapy of patients with heart
failure.

[0004] The electrocardiogram exploits the presence of
transmembrane ionic currents flowing between the cell
membrane and the adjacent cells. These currents are syn-
chronised by the activation and by the sequences of cardiac
recovery and create an electric field inside and around the
heart.

[0005] Said electric field varies over time during a cardiac
cycle and is transmitted to the structures adjacent to the
heart, such as the lungs, blood, skeletal muscles and skin.
[0006] The currents reaching the skin are exploited for
generating the track of an electrocardiogram and said cur-
rents are detected by means of electrodes appropriately
positioned on the skin.

[0007] In particular, an electrocardiogram performed in a
hospital environment uses ten electrodes and twelve unipo-
lar, precordial unipolar and bipolar leads.

[0008] The tracks obtained from the recording of the
signal generated by the leads represent the electrocardio-
gram.

[0009] The bipolar leads measure the potential difference
between two electrodes, wherein one electrode is considered
positive and one negative. In particular, the potential differ-
ence between the left arm (positive electrode) and the right
arm (negative electrode), between the left leg (positive
electrode) and the right arm (negative electrode) and
between the left leg (positive electrode) and the left arm
(negative electrode) is measured.

[0010] Unipolar leads on the other hand measure the
electrical potential at the point wherein the electrodes are
applied, which are typically positioned in the region of the
precordium, about the front margin of the heart up to the tip
thereof.

[0011] Moreover, it is possible to obtain three unipolar
leads known as “boosted” which are obtained from the
bipolar leads.

[0012] It is known that each cardiac cycle of a person in
a stable physical state generate an electrocardiogram track
that comprises, in order of time:

[0013] a P wave representing the depolarisation of the
heart atria;
[0014] a QRS complex: it is a set of three waves

representing the depolarisation of the heart ventricles;

[0015] a T wave representing the repolarisation of the
heart ventricles;
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[0016] a U wave (not always detectable) representing
repolarisation of the papillary muscles.

[0017] The ten electrodes must be placed in specific
anatomical positions, which is not always easy to recognise
or identify, especially by non-medical personnel.
[0018] Some studies have demonstrated that four elec-
trodes are sufficient to obtain an electrocardiogram that has
a specificity and sensitivity that are statistically comparable
with respect to an electrocardiogram obtained with ten
electrodes (see in this matter Green et al., American Journal
of Cardiology, 2004, 94:1529-1533).
[0019] One of the biggest challenges in modern Cardiol-
ogy relates to the frequent dissociation between the presence
of a symptom and the contemporary documentation of
objective medical texts relating to it.
[0020] The use of traditional methods (ECG with 12
standard leads, continuous ECG in the 24 hours following
the Holter method or recordings by external monitors for
7-30 days) for diagnosing cardiovascular conditions that are
manifested occasionally has too often produced disappoint-
ing results; recent studies have also demonstrated how even
continuous monitoring over 7 days has not succeeded in
highlighting the cardiovascular condition causing the symp-
tom the patient initially complains of.
[0021] A partial solution to these problematics has been
offered by the introduction of subcutaneously implantable
devices which operate a continuous recording of the heart’s
electrical activity. Notwithstanding everything, however, the
implants are installed using an invasive procedure, have no
utility in distinguishing transitory myocardial ischemia and
nothing guarantees that the symptom complained of will
manifest itself during the long but limited implant period.
[0022] Therefore there is a perceived need for immedi-
ately having a device which allows to acquire the electro-
cardiograph track at the exact moment wherein an acute
pathological state occurs, so as to be able to correlate the
electrocardiograph track to the particular pathological state.
[0023] U.S. Pat. No. 8,509,882 discloses a device trans-
mitting, using Bluetooth technology, a signal representing an
electrocardiogram to a smartphone, which displays said
signal on the screen.
[0024] Patent application MX2013001001 discloses a
monitoring device for an electrocardiogram with twelve
leads, wherein the device comprises a Bluetooth communi-
cation module for transmitting the electrocardiogram to a
mobile telephone, which displays the tracks of the electro-
cardiogram three at a time.

[0025] U.S. Pat. No. 8,005,531 discloses an apparatus for
processing the electrocardiographic signals of a patient. The
apparatus uses a plurality of algorithms, each specifically
designed for analysing twelve leads, which can be measured
or derived.

[0026] U.S. Pat. No. 6,282,440 discloses a method for
determining whether the electrodes of an electrocardiogram
are positioned correctly by means of the analysis of the
signals generated by eight electrodes. In particular, a cova-
riance matrix is calculated as a function of eight channels,
the solution of the self-vectors of the covariance matrix is
calculated, and the corners between the self-vectors and the
original vectors are calculated. The values of the angles are
compared with a set of reference angles and, as a function
of this comparison, it is determined whether the electrodes
are positioned correctly.
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[0027] Tt is important to correctly position the electrodes
for acquiring the heart’s electrical activity, otherwise the
acquired electocardiographic track will not be correct, i.e. it
might generate false indications of cardiovascular diseases.
[0028] For example, the electrodes might not sufficiently
adhere to the patient’s skin or might be inverted.

[0029] In the case wherein the two electrodes are inverted,
this can be the cause of a tracing exhibiting alterations of the
atrial and ventricular depolarisation, thus providing a false
indication of alterations of depolarisation.

[0030] Cardiopulmonary resuscitation is a first aid method
of a patient in a state of cardiocirculatory arrest.

[0031] The survival of the patient in the condition of
cardiocirculatory arrest depends on the rapid recognition of
the condition of cardiocirculatory arrest, from correct posi-
tioning of the hands on the patient’s chest and on the rate of
the External Chest Compressions (Meaney P. et al., AHA
consensus statement: Cardiopulmonary Resuscitation Qual-
ity: Improvement Cardiac Resuscitation Outcomes Both
Inside and Outside the hospital, Circ. 2013, 128:417-435).
[0032] The Applicant has observed that the known devices
have the following disadvantages:

[0033] they do not provide a reliable guide to the
placement of the electrodes;

[0034] they do not allow a real-time verification of the
correct placement of the electrodes on the patient’s
chest;

[0035] they do not allow to immediately acquire a
plurality of tracks of an electrocardiogram at the time
wherein an alteration of the heart functioning is veri-
fied;

[0036] they do not allow to immediately provide a
correct guide to cardio-pulmonary resuscitation.

BRIEF SUMMARY

[0037] The present disclosure relates to an electronic
system to control the acquisition of an electrocardiogram as
defined in the enclosed claim 1 and by its preferred embodi-
ments disclosed in the dependent claims from 2 to 8.
[0038] The Applicant has perceived that the electronic
system according to the present disclosure has the following
advantages:

[0039] it provides a reliable guide to the placement of
the electrodes, because it carries out a calibration of the
placement according to the particular body form of the
patient;

[0040] it allows a real-time verification of the correct
placement of the electrodes on the patient’s chest;

[0041] it immediately allows to acquire a track of an
electrocardiogram at the time wherein an alteration of
the heart functioning is verified;

[0042] it immediately provides a correct guide to car-
dio-pulmonary resuscitation in a case of a cardiocircu-
latory arrest, ventricular tachycardia or ventricular
fibrillation of a patient’s heart.

[0043] One embodiment of the present disclosure is a
method for controlling the acquisition of an electrocardio-
gram as defined in the enclosed claims 9, 11 and 12.
[0044] Another embodiment of the present disclosure a
computer readable medium having a program for controlling
the placement of the electrodes for an electrocardiogram, as
defined in the enclosed claim 13.
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BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0045] Additional features and advantages of the disclo-
sure will become more apparent from the description which
follows of a preferred embodiment and the variants thereof,
provided by way of example in the appended drawings,
wherein:

[0046] FIG. 1 shows a block diagram of the electronic
system to control the acquisition of an electrocardiogram
according to the disclosure;

[0047] FIG. 2 shows in greater detail a portable electronic
device used in the electronic system of FIG. 1,

[0048] FIG. 3A schematically shows an image represent-
ing the position of the electrodes on the chest for carrying
out an electrocardiogram;

[0049] FIG. 3B shows in more detail the position of the
electrodes of the illustration of FIG. 3A;

[0050] FIG. 3C shows the trend of the tracks of the
electrocardiogram displayed on the screen of the mobile
electronic device according to the disclosure;

[0051] FIGS. 4A-4D show the flow diagram of the method
for controlling the acquisition of an electrocardiogram
according to the disclosure.

DETAILED DESCRIPTION

[0052] It should be observed that in the following descrip-
tion, identical or analogous blocks, components or modules
are indicated in the figures with the same numerical refer-
ences even where they are illustrated in different embodi-
ments of the disclosure.

[0053] With reference to FIG. 1, it shows an electronic
system 1 to control the acquisition of an electrocardiogram
according to the disclosure.

[0054] The electronic system 1 comprises a portable elec-
tronic device 2 and a mobile electronic device 3, which are
connected each other by means of a short-range radio
communication channel.

[0055] The term “short-range” means a distance of less
than 10 metres.
[0056] The mobile electronic device 3 can be a smart-

phone (for example, an iPhone), a tablet (for example, an
iPad) or a laptop.

[0057] The technology used to make the radio connection
between the portable electronic device 2 and the mobile
electronic device 3 is for example Bluetooth or WiFi (stan-
dard TEEE 802.11).

[0058] The mobile electronic device 3 comprises:
[0059] an optical device 3-1 for acquiring images;
[0060] a screen 3-2;
[0061] a transceiver 3-4 of short-range radio signals;
[0062] a processing unit 3-3;
[0063] a transceiver 3-6 of long-range signals.

[0064] The optical device 3-1 has the function of acquiring

a plurality of real-time images I, I, .
portion of a human body.

. . L, representing a

[0065] The optical device 3-1 is for example a camera or
a videocamera.
[0066] The screen 3-2 is configured to display a real-time

image representing the portion of the human body and to
display textual indications, wherein said image further com-
prises a first positioning mark, a second positioning mark
and a third positioning mark representing the positions
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wherein to apply the first, the second and the third electrodes
respectively, as will be more fully described in the follow-
ing.

[0067] The portion of the human body comprises for
example the shoulders, the chest, the abdomen and the pelvis
of a man, of a woman or of a child.

[0068] The transceiver 3-4 has the function of receiving/
transmitting a short-range radio signal S2_r sd from/to-
wards the portable electronic device 2.

[0069] The transceiver 3-6 of long-distance signals has the
function of receiving/transmitting a long-range signal S_sd
from/towards a medical centre or a central emergency unit
for ambulance management. The long-range signal can be
transmitted via a fixed communication network or can be of
a radio-transmitted type via a network of radio-mobile
communication.

[0070] The processing unit 3-3 has the function of con-
trolling acquisition of an electrocardiogram of the heart of
the human body, as will be explained more in detail in the
following.

[0071] The processing unit 3-3 is electrically connected
with the image acquisition optical device 3-1, with the
screen 3-2, with the transceiver 3-4 and with the transceiver
3-6.

[0072] The processing unit 3-3 comprises:

[0073] a first input terminal adapted to receive the
plurality of images I, 1, . . . I acquired from the optical
device 3-1;

[0074] an input/output terminal adapted to receive/
transmit an internal signal S_int;

[0075] a first output terminal adapted to generate a
driving signal S_pl for driving the screen 3-2 with the
purpose of viewing thereon appropriate images and/or
textual indications.

[0076] In the case wherein the mobile electronic device 3
is a smartphone, the optical device 3-1 is the camera already
incorporated into the smartphones actually available on the
market; in particular, the camera is positioned on the front
side of the smartphone (typically, above the screen of the
smartphone) or on the rear side.

[0077] The portable electronic device 2 comprises:
[0078] a first electrode 2-1;
[0079] a second electrode 2-2;
[0080] a third electrode 2-3;
[0081] a transceiver 2-5 of short-range radio signals;
[0082] a processing unit 2-6.

[0083] The portable electronic device 2 comprises a main

body which is a closed casing (for example, made of a
plastic material) which encloses the processing unit 2-6,
wherein the electrodes 2-1, 2-2, 2-3 are connected to the
main body by means of suitable electrical cables and pos-
sible interposed circuits.

[0084] The main body of the portable electronic device 2
has compact dimensions (for example, it has a square shape
with a side of about 6 cm) and it is positioned in proximity
of the human body on which the electrocardiogram is to be
carried out; for example, the main body is fixed (by appro-
priate fixing means, for example a strap) to the arm of the
human body, in particular on the biceps muscle as shown in
FIG. 3A.

[0085] The first electrode 2-1, the second electrode 2-2
and the third electrode 2-3 are contacts (for example of
resistive type) which detect a variation of analog voltage
proportional to the current generated on the skin of the
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human body in the respective point wherein the electrodes
2-1, 2-2, 2-3 are positioned, following the heart beat of the
considered human body.

[0086] The variation of current detected by each electrode
2-1, 2-2,2-3 is converted into digital format by means of an
analog-digital converter, as will be more fully explained in
the following in relation to the description of FIG. 2.
[0087] In particular, the first electrode 2-1 is configured to
generate a first detecting electrical signal S1_r representing
the current generated on the skin by the activity of the heart
of a human being analysed in the point wherein the first
electrode 2-1 is positioned on the considered portion of the
human body.

[0088] Likewise, the second electrode 2-2 is configured to
generate a second detecting electrical signal S2_r represent-
ing the current generated on the skin by the activity of the
heart of a human being analysed in the point wherein the
second electrode 2-2 is positioned on the considered portion
of the human body.

[0089] Lastly the third electrode 2-3 is configured to
generate a third detecting electrical signal S3_r representing
the current generated on the skin by the activity of the heart
of a human being analysed in the point wherein the third
electrode 2-3 is positioned on the considered portion of the
human body.

[0090] Advantageously, the portable electronic device 2
further comprises a fourth electrode 2-4 representing a
reference ground voltage and has the purpose of discharging
the current detected on the skin and minimising the differ-
ence in impedance between the different electrodes 2-1, 2-2,
2-3 and the skin.

[0091] The fourth electrode 2-4 is connected to the main
body (in particular, to the processing unit 2-6) by means of
a respective electric cable and possible interposed circuits.
[0092] The transceiver 2-5 has the function of receiving/
transmitting a short-range radio signal S1_r_sd from/to-
wards the mobile electronic device 3.

[0093] The processing unit 2-6 has the function of con-
trolling acquisition of an electrocardiogram of the heart of
the human body, as will be explained more in detail in the
following.

[0094] The processing unit 2-6 is electrically connected to
the first 2-1, to the second 2-2, to the third 2-3, to the fourth
2-4 electrode and with the transceiver 2-5.

[0095] The processing unit 2-6 comprises:

[0096] a first output terminal adapted to generate a
positioning verification signal S_v_ps indicating the
correct placement of the first electrode 2-1, of the
second electrode 2-2 and of the third electrode 2-3;

[0097] a second output terminal adapted to generate a
heart rate detection signal S_r_fc indicating a presence
of a cardiocirculatory arrest or a ventricular fibrillation
or a ventricular tachycardia of the heart of the human
body analysed,

[0098] a third output terminal adapted to generate an
electrocardiogram signal S_ecg carrying the tracks
representing the electrocardiogram of the heart of the
human body analysed:

[0099] a first, second, third and fourth input terminal
adapted to receive the first, second, third and fourth
detecting electrical signals S1_r, S2_r, S3_rand S4_r
respectively.

[0100] In one embodiment the processing unit 2-6 is
structured to further generate a gain control signal S_ctrl_g
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for regulating the value of the gain of an amplification circuit
2-8, as will be explained in greater detail in the following.
[0101] 1In greater detail, the processing unit 3-3 of the
mobile electronic device 3 comprises:

[0102] an electrodes placement guiding module 3-3.1
for the first, second and third electrodes 2-1, 2-2, 2-3,
(and possibly the fourth electrode 2-4) which will be
indicated in the following as “electrodes placement
guiding module 3-3.1”;

[0103] a hand placement guiding module 3-3.2 for
positioning of the hands, indicated in the following as
“hand placement guiding module”.

[0104] In greater detail, the processing unit 2-6 of the
portable electronic device 2 comprises:

[0105] an electrodes placement verification module
2-6.1 for the first, second and third electrodes 2-1, 2-2,
2-3 (and possibly a fourth electrode 2-4) which will be
indicated in the following as “electrodes placement
verification module 2-6.17;

[0106] a heart rate detecting module 2-6.2;
[0107] an electrocardiogram generating module 2-6.3.
[0108] The electrodes placement guiding module 3-3.1

has the function of guiding any person to position the
electrodes 2-1, 2-2, 2-3 on a portion of the human body (for
example, the chest) with the purpose of acquiring an elec-
trocardiogram of the heart of the human body.

[0109] Note that the person acquiring the electrocardio-
gram is not necessarily a doctor or a member of medical
personnel, but can also be, for example, the patient himself.
[0110] In particular, the electrodes placement guiding
module 3-3.1 is configured to:

[0111] receive, from the optical device 3-1 for acquiring
images, a plurality of real-time images I, I, . . . I,
representing a determined portion of the analysed
human body:;

[0112] identify a feature of the portion of the human
body within at least part of said plurality of images I,
L ... L;

[0113] calculate, as a function of the identified feature,
the positions wherein to apply the first electrode 2-1,
the second electrode 2-2 and the third electrode 2-3 on
the considered portion of the analysed human body;

[0114] generate a driving signal S_pl carrying informa-
tion indicating the calculated positions wherein to
apply the first electrode 2-1, the second electrode 2-2
and the third electrode 2-3.

[0115] The term “identifying a feature of the portion of the
human body” is taken to mean the recognition of a feature
of the human body using a suitable images processing
algorithm.

[0116] Said recognition algorithms analyse, for example,
the shape, the dimensions, the relative position of the
searched features and compare them with respect to a
plurality of predefined templates with the purpose of finding
which of them is the closest one.

[0117] The recognition algorithms can be of a geometric
type or a statistical type.

[0118] Some examples of recognition algorithms are the
following:

[0119] methods based on sub-spaces;

[0120] neural networks;

[0121] deformable models;

[0122] “Support Vector Machines™;

[0123] “Hidden Markov Models”.
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[0124] In one embodiment the identified feature of the
portion of the human body is a human shoulder.
[0125] Therefore the screen 3-2 of the mobile electronic
device 3 is configured to receive the driving signal S_pl and
to display an electrodes positioning real-time image 1_ps_el
representing the considered portion of the human body
analysed, as shown in FIG. 3A, wherein said electrodes
positioning image I_ps_el further comprises:
[0126] a first positioning mark representing a position
wherein to apply the first electrode 2-1;
[0127] a second positioning mark representing a posi-
tion wherein to apply the second electrode 2-2;
[0128] a third positioning mark representing a position
wherein to apply the third electrode 2-3;
[0129] a fourth positioning mark representing a position
wherein to apply the fourth electrode 2-4.
[0130] In one embodiment the first, second, third and
fourth positioning marks are constituted by respective posi-
tioning areas Al, A2, A3 and A4. In this case the electrodes
positioning image I ps_el comprises the first positioning
area Al inside which the first electrode 2-1 must be posi-
tioned, the second positioning area A2 inside which the
second electrode 2-2 must be positioned, the third position-
ing area A3 inside which the third electrode 2-3 must be
positioned and, in particular, the fourth positioning A4 area
inside which the fourth electrode 2-4 must be positioned (see
FIG. 3A again): this provides a reliable guide to the place-
ment of the electrodes 2-1, 2-2, 2-3 (and possibly 2-4), as the
application positions of the electrodes 2-1, 2-2, 2-3 are
shown graphically, superposed on the image of the consid-
ered portion of the analysed human body.
[0131] Note that in FIG. 3A a continuous line shows the
electrodes positioning image 1_ps_el effectively displayed
on the screen 3-2 of the mobile electronic device 3 and a
broken line shows the electrodes 2-1, 2-2, 2-3, 2-4 and the
processing unit 2-6 superposed on the electrodes positioning
image [_ps_el.
[0132] According to a first variant of the disclosure, the
portion of the analysed human body comprises the shoul-
ders, the chest, the abdomen and the pelvis (refer again to the
image shown in FIG. 3A): in this case the feature of the
portion of the human body (identified by means of a suitable
recognition algorithm that processes images) is for example
one of the two shoulders.
[0133] According to said first variant, the first positioning
mark (for example, an area A1) is positioned on the chest of
the human body analysed in proximity of the left shoulder,
the second positioning mark (in the example the area A2) is
positioned on the chest of the human body analysed in
proximity of the right shoulder, the third positioning mark
(in the example the area A3) is positioned on the abdomen
of the human body analysed in proximity of the left leg and,
in particular, the fourth positioning mark (in the example the
area A4) is positioned on the abdomen of the human body
analysed in proximity of the right leg (refer again to FIG.
3A).
[0134] Therefore the first electrode 2-1 is positioned on
the chest in proximity of the left shoulder, the second
electrode 2-2 is positioned on the chest in proximity of the
right shoulder and the third electrode 2-3 is positioned on the
abdomen in proximity of the left leg.
[0135] With reference to FIG. 3B, according to said first
variant the electrodes placement guiding module 3-3.1 is
configured to:
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[0136] receive the plurality of real-time images I,, 1, . .
. I, representing the shoulders, chest, abdomen and
pelvis of the human body;

[0137] identify the position of the shoulders within at
least part of said plurality of images I, I, . . . L;

[0138] calculate the width x of the shoulders as a

function of at least part of said plurality of images I,
Ly ... L;

[0139] calculate, as a function of the width x of the
shoulders and a first parameter k, a first distance y1
between the first positioning area Al and the extremity
of the right shoulder and between the second position-
ing area A2 and the extremity of the left shoulder;

[0140] calculate the width z of the pelvis;

[0141] calculate, as a function of the width z of the
pelvis and a second parameter r, a second distance t1
between the third positioning area A3 and the extremity
of the left pelvis;

[0142] calculate a third distance h between the third
positioning area A3 and the first positioning area Al
equal to a value x/2 comprised in an interval centred
around half the width x of the shoulders (i.e. h=x/2+A,
wherein A is a small value selected appropriately);

[0143] generate the driving signal carrying information
indicating the first distance y1, the second distance t1
and the third distance h.

[0144] Note that in the first variant the width of the chest
of the analysed human body is measured by means of a
suitable processing of the images I,, 1, .. . I acquired by the
optical device 3-1: this has the advantage of performing a
calibration of the position wherein to apply the electrodes
2-1, 2-2, 2-3 on the patient’s chest as a function of the
particular dimensions of the analysed patient’s chest, thus
reducing the probability of committing errors in the place-
ment of the electrodes 2-1, 2-2, 2-3 on the chest.
[0145] With the term “first distance y1” (referring to the
first positioning area A1) is meant the distance from the
extremity of the left shoulder of the point belonging to the
perimeter of the first positioning area A1 which is nearest the
left shoulder and the distance from the extremity of the right
shoulder of the point belonging to the perimeter of the
second positioning area A2 which is nearest the right shoul-
der.

[0146] Likewise, with the term “second distance t1” (re-

ferring to the third positioning area A3) is meant the distance

from the extremity of the left pelvis of the point belonging
to the perimeter of the third positioning area A3 which is
nearest the left pelvis.

[0147] Lastly, with the term “third distance h” (referring to

the distance between the third positioning area A3 and the

first positioning area Al) is meant the distance between a

first straight line which joins a reference point inside the first

positioning area A1 with a reference point inside the second
positioning area A2 (i.e. the first straight line is the one
joining the two shoulders) and a second straight line which
joins a reference point inside the third positioning area A3
with a reference point inside the fourth positioning area (A4)

(i.e. the second straight line is the one joining the two

extremity of the pelvis), wherein the direction of the third

distance h is perpendicular to the first straight line and the
second straight line.

[0148] In the first variant of the disclosure, the screen 3-2

of the mobile electronic device is configured to receive the

driving signal S_pl and to display the electrodes positioning
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real-time image I_ps_el representing at least the chest of the
human body, wherein said image further comprises:

[0149] the first positioning area having a position iden-
tified by the first distance y1;

[0150] the second positioning area A2 having a position
identified by the first distance y1;

[0151] the third positioning area A3 having a position
identified by the second distance t1 and by the third
distance h.

[0152] 1In other words, the value of the first parameter
k=x/y1 and the value of the second parameter r=z/t1 are
fixed, then the width x of the shoulders is calculated by
means of a suitable processing of at least a part of the
plurality of images I, L, . . . I, acquired by the optical
device 3-1. then it is calculated the first distance y1 from the
left/right shoulder at which to position the first/second
positioning area A1/A2 by means of the calculation y1=k/x,
then the width 7 of the pelvis is calculated, then the second
distance t1 is calculated from the extremity of the left pelvis
by means of the calculation t1=z/t, then it is calculated the
third distance h between the first positioning area Al and the
third positioning area A3 by means of the calculation h=x/2,
lastly the third positioning area A3 is positioned at the
second distance t1 from the extremity of the left pelvis and
at the third distance h=x/2 of the first positioning area Al
(see FIG. 3B).

[0153] In the case wherein the fourth electrode 2-4 is
present, the position of the fourth positioning area A4 is
identified (inside which to position the fourth electrode 2-4)
in a similar way as the third positioning area A3. In
particular, the fourth positioning areca A4 is positioned at the
second distance t1 from the extremity of the right pelvis and
at the third distance h=x/2xA between the fourth positioning
area A4 and the second positioning area A2.

[0154] In one embodiment the shape of the first position-
ing mark, of the second positioning mark, of the third
positioning mark (and possibly the fourth positioning mark)
is an “X”.

[0155] Alternatively, in case wherein the positioning
marks are constituted by an area, the shape of the first
positioning area Al, of the second positioning area A2, of
the third positioning area A3 (and possibly of the fourth
positioning area A4) is a circle, thus obtaining four circles
Al, A2, A3, Ad. In this case the reference points (used for
defining the third distance h) are the centres of the respective
circles.

[0156] The four circles Al, A2, A3, A4 are positioned so
as not to be superposed and so that the first circle Al is
aligned to the second circle A2, while the third circle A3 is
aligned to the fourth circle A4.

[0157] Alternatively, the shape of the first positioning area
Al, of the second positioning area A2, of the third position-
ing area A3 and of the fourth positioning area A4 is a
rectangle, thus obtaining four rectangles Al, A2, A3, A4. In
this case the reference points are the crossing points of the
diagonals of the respective rectangles. The four circles Al,
A2, A3, A4 are positioned so as not to be superposed and so
that the first rectangle Al is aligned to the second rectangle
A2, while the third rectangle A3 is aligned to the fourth
rectangle A4.

[0158] Advantageously, the first, second, third and fourth
electrode 2-1, 2-2, 2-3, 2-4 comprise respective identifying
means. In particular:
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[0159] the first electrode 2-1 comprises first identifying
means;
[0160] the second electrode 2-2 comprises second iden-

tifying means;

[0161] the third electrode 2-3 comprises third identify-
ing means;
[0162] the fourth electrode 2-4 comprises fourth iden-

tifying means;
[0163] In this case the memory 3-5 is configured to store
information associating a first graphic identifier to the first
identifying means, a second graphic identifier to the second
identifying means and a third graphic identifier to the third
identifying means (and possibly a fourth graphic identifier
associated to the fourth identifying means).
[0164] Further, the electrodes placement guiding module
3-3.1 is further configured to generate the driving signal
S_pl carrying further information indicating the first, second
and third graphic identifiers (and possibly the fourth graphic
identifier).
[0165] Moreover, the screen 3-3 of the mobile electronic
device 3 is configured to receive the driving signal and to
display the image of the human body comprising the first
graphic identifier inside the first positioning area Al, the
second graphic identifier inside the second positioning area
A2 and the third graphic identifier inside the third position-
ing area A3 (and possibly a fourth graphic identifier inside
the fourth positioning area A4).
[0166] In particular, the first electrode 2-1 comprises first
identifying means which are a blue-coloured surface, the
second electrode 2-2 comprises second identifying means
which are a yellow-coloured surface, the third electrode 2-3
comprises third identifying means which are a red-coloured
surface and the fourth electrode 2-4 comprises fourth iden-
tifying means which are a green-coloured surface; in this
case the screen 3-3 of the mobile electronic device 3 is
configured to display the first positioning area Al which is
coloured blue, the second positioning area A2 having a
yellow colour, the third positioning area A3 having a red
colour and the fourth positioning area A4 having a green
colour.
[0167] The electrodes placement verification module
2-6.1 of the processing unit 2-6 of the portable electronic
device 2 has the function of verifying whether the electrodes
2-1, 2-2, 2-3 have not been positioned correctly on the
patient’s chest, for example because they have been inverted
or are not correctly adhering to the patient’s skin: this is
obtained by exploiting Einthoven’s law which defines that
the arrangement of the electrodes of the leads DI, DII, DIIT
forms a triangle and that at each instant of the heart cycle the
algebraic sum of the leads DI, DII, DIII is zero.
[0168] In particular, the electrodes placement verification
module 2-6.1 is configured to:

[0169] receive the first detecting electrical signal S1-r
generated by the first electrode 2-1, the second detect-
ing electrical signal S2_r generated by the second
electrode 2-2 and the third detecting electrical signal
S3_r generated by the third electrode 2-3.

[0170] calculate a first lead DI equal to a first potential
difference between the second detecting electrical sig-
nal S2_r and the first detecting electrical signal S1_r
(see DI in FIG. 3A),

[0171] calculate a second lead DII equal to a second
potential difference between the third detecting electri-
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cal signal S3_r and the first detecting electrical signal
S1_r (see DII in FIG. 3A);

[0172] calculate a third lead DIII equal to a third
potential difference between the third detecting electri-
cal signal S3_r and the second detecting electrical
signal S2_r (see DIII in FIG. 3A),

[0173] calculate a difference equal A, ;to the difference
between the second and the first potential difference;

[0174] verify whether the absolute value of the differ-
ence between the calculated difference A, ; and the
third potential difference is lower than or equal to a
tolerance value €;

[0175] in case of a positive verification, generate a
positioning verification signal S_v_ps indicating the
correct placement of the first, second and third elec-
trodes;

[0176] in case of a negative verification, generate a
positioning verification signal S_v_ps indicating the
incorrect placement of at least one electrode among the
first, second and third electrodes 2-1, 2-2, 2-3.

[0177] The tolerance value e is selected so as to be
sufficiently small (in the order of millivolts).

[0178] FIG. 3C shows a possible trend of the tracks
generated by the leads DI, DII, DIII of the heart of a person
who is in a stable physical state, i.e. does not present
symptoms of a cardiovascular condition.

[0179] Inlead DI it is possible to observe the presence of
P waves, of QRS complex and T wave (for simplicity these
have not been shown in leads DII and DIII).

[0180] The transceiver 2-5 of the portable electronic
device 2 is configured to receive the positioning verification
signal and to generate therefrom a short-range radio signal
S1_s_rd carrying information indicating the correct place-
ment of the first, second and third electrodes 2-1, 2-2, 2-3 or
indicating the incorrect placement of at least one electrode
out of the first, second and third electrodes 2-1, 2-2, 2-3.
[0181] The transceiver 3-4 of the mobile electronic device
3 is configured to receive a short-range radio signal S2_s_rd
carrying said information indicating the correct or incorrect
placement and to generate therefrom an internal signal S_int
carrying said information indicating the correct or incorrect
placement.

[0182] The screen 3-2 of the mobile electronic device 3 is
configured to receive the internal signal S_int and to display
a graphic or textual indication representing the correct
placement of the first, second and third electrodes 2-1, 2-2,
2-3 or indicating the incorrect placement of at least one
electrode out of the first, second and third electrodes 2-1,
2-2, 2-3. For example, the screen 3-2 first displays a text or
graphic message with a flashing intensity in case wherein at
least one electrode is not correctly positioned, then it dis-
plays the real-time image of the portion of the human body
(comprising for example the chest) so as to allow a new
placement of the electrodes 2-1, 2-2, 2-3.

[0183] The heart rate detecting module 2-6.2 has the
function of detecting the presence of a cardiocirculatory
arrest or a ventricular fibrillation or a ventricular tachycardia
of the heart of the analysed human body.

[0184] In particular, the heart rate detecting module 2-6.2
is configured to;

[0185] receive the first, second and third detecting elec-
trical signals S1_r, S2_r, S3_r and to measure, as a
function thereof, a distance (measured in milliseconds)
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between two successive R waves and the respective
amplitude value (in millivolts) in a defined time intet-
val;

[0186] if the amplitude value of the R waves is lower
than a first amplitude threshold value close to zero,
generate a heart rate detection signal S_r_fc having a
first value indicating the presence of a cardiocirculatory
arrest of the heart of the human body;

[0187] if the amplitude value of the R waves is com-
prised between the first amplitude threshold value and
a second amplitude threshold value (greater than the
first amplitude threshold value) and moreover if the
value of said distance is lower than a first distance
threshold value, generate the heart rate detection signal
S_r_fc having a second value indicating the presence of
ventricular fibrillation of the heart of the human body;

[0188] if the value of said distance is comprised
between the first distance threshold value and a second
distance threshold value (greater than the first distance
threshold value), generate the heart rate detection sig-
nal S_r_fc having a third value indicating the presence
of ventricular tachycardia of the heart of the human
body.

[0189] The heart rate detecting module 2-6.2 can operate
in a similar way taking into consideration the QRS complex
instead of the R wave, thus the previous considerations
relating to cardiocirculatory arrest, ventricular fibrillation
and ventricular tachycardia detecting modes are applicable
in a similar way using the QRS complex.

[0190] The transceiver 2-5 of the portable electronic
device 2 is configured to receive the heart rate detection
signal S_r_fc and to generate therefrom the short-range
radio signal S1_s_rd carrying information indicating the
presence of a cardiocirculatory arrest, ventricular fibrillation
or ventricular tachycardia.

[0191] The transceiver 3-4 of the mobile electronic device
3 is configured to receive a short-range radio signal S2_s_rd
carrying said information indicating the presence of a car-
diocirculatory arrest, ventricular fibrillation or ventricular
tachycardia and to generate therefrom an internal signal
S_int carrying said information indicating the presence of a
cardiocirculatory arrest, ventricular fibrillation or ventricu-
lar tachycardia,

[0192] The memory 3-5 stores a video representing a
guided procedure for cardiopulmonary resuscitation, said
video containing a sequence of images and sounds repre-
senting the position of the hands to be applied on the chest
of the human body and the number of pressures exerted by
the hands on the chest.

[0193] The hand placement guiding module 3-3.2 has the
function of guiding any person to correctly position his/her
hands on the patient’s chest with the purpose of carrying out
a cardio-pulmonary resuscitation procedure.

[0194] In particular, the hand placement guiding module
3-3.2 is configured to:

[0195] receive the information indicating the presence
of a cardiocirculatory arrest, ventricular fibrillation or
ventricular tachycardia;

[0196] receive, from the images acquisition optical
device 3-1 a plurality of real-time images I, I, ... L,
representing a considered portion of the analysed
human body;

[0197] identify said feature of the portion of the human
body within at least part of said plurality of images;
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[0198] calculating, as a function of the identified fea-
ture, the position wherein to apply the first and the
second electrode on the chest of the human body;

[0199] calculate, as a function of the calculated position
of the first and second electrodes, the position wherein
to apply the hands on the sternum of the human body
in order to perform a sequence of hand movements for
a cardiopulmonary resuscitation of the heart of the
human body;

[0200] generate the driving signal S_pl indicating the
presence of a cardiocirculatory arrest, ventricular fibril-
lation or ventricular tachycardia and indicating the
calculated position of the hands;

[0201] read from the memory 3-5 the video representing
the sequence of hand movements for the cardiopulmo-
nary resuscitation;

[0202] generate the driving signal S_pl further carrying
the cardiopulmonary resuscitation video.

[0203] In one embodiment the position wherein to apply
the hands on the chest of the human body is calculated as a
fanction of the width x of the shoulders of the human body
considered, so that the hands are positioned on the sternum
of the analysed human body. In particular, a calculation is
performed of the first distance y1 from the extremity of the
right shoulder on which to apply the first electrode 2-1 and
from the extremity of the left shoulder on which to apply the
second electrode 2-2, a first straight line is identified which
joins the first electrode 2-1 with the second electrode 2-2,
and lastly a second straight line is identified perpendicular to
the first in a point situated about halfway in the distance
between the first electrode 2-1 and the second electrode 2-2:
the position wherein to apply the hands is on the second
straight line and at a distance such as to be on the patient’s
sternum,

[0204] Therefore the screen 3-2 of the mobile electronic
device 3 is configured to receive a driving signal S_pl and
to display a graphic or textual indication representing the
presence of a cardiocirculatory arrest, ventricular tachycar-
dia or ventricular fibrillation.

[0205] For example, screen 3-2 displays a heart-shaped
image which assumes the following configurations:

[0206] the heart-shaped image is switched off in case of
absence of cardiocirculatory arrest, ventricular tachy-
cardia and ventricular fibrillation;

[0207] the heart-shaped image is switched on and
flashes with a low frequency in a case of presence of
ventricular fibrillation;

[0208] the heart-shaped image is switched on and
flashes with a medium frequency in a case of presence
of ventricular tachycardia;

[0209] the heart-shaped image is switched on and
flashes with an high frequency in a case of presence of
cardiocirculatory arrest;

[0210] Alternatively, the heart-shaped image is switched
on and flashes with a same frequency in a case of presence
of ventricular fibrillation, or ventricular tachycardia or car-
diocirculatory arrest.

[0211] Moreover, the screen 3-2 is configured to display
an image representing the chest of the analysed human body,
wherein said chest image further comprises a fourth posi-
tioning area representing the position wherein to apply the
hands with the purpose of carrying out the cardio-pulmonary
resuscitation procedure.
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[0212] The electrocardiogram generating module 2-6.3 is
configured to generate, as a function of the values of the first,
of the second and of the third detecting signal S1_r, S2_r,
S3_r (and possibly of the fourth measuring signal S4_r), the
electrocardiogram signal S_ecg carrying the tracks of the
loads representing the electrocardiogram of the heart of the
analysed human body.

[0213] In particular, the electrocardiogram signal S_ecg
carries the values of the tracks of the first lead DI, of the
second lead DII and of the third lead DIII of bipolar type.
[0214] Alternatively, the electrocardiogram signal S_ecg
carries the values of the tracks of the unipolar leads aVR,
aVL and aVF, wherein:

[0215] the lead aVR is generated as a function of the
first detecting electrical signal S1_r generated by the
first electrode 2-1;

[0216] the lead aVL is generated as a function of the
second detecting electrical signal S2_r generated by the
second electrode 2-2;

[0217] the lead aVL is generated as a function of the
third detecting electrical signal S3_r generated by the
third electrode 2-3.

[0218] The transceiver 2-5 of the portable electronic
device 2 is configured to receive the electrocardiogram
signal S_ecg and to generate therefrom the short-range radio
signal S1_s_rd carrying said information indicating the
values of the tracks of the leads representing the electrocar-
diogram.

[0219] The transceiver 3-4 of the mobile electronic device
3 is configured to receive the short-range radio signal
S2_r_sd carrying data indicating the values of the tracks of
the leads of the electrocardiogram and to generate therefrom
the internal signal S_int carrying data indicating the values
of the tracks of the leads representing the electrocardiogram.
[0220] The screen 3-2 of the mobile electronic device 3 is
configured to receive the internal signal S_int and to display
the values of the tracks of the leads representing the elec-
trocardiogram.

[0221] With reference to FIG. 2, a block diagram of the
portable electronic device 2 is shown in greater detail.
[0222] The portable electronic device 2 comprises a series
connection of the following electronic components:

[0223] a protection circuit 2-7;
[0224] an amplification circuit 2-8;
[0225] a low-pass filter 2-9;
[0226] an analog-digital converter 2-10;
[0227] the processing unit 2-6;
[0228] a receiving/transmitting circuit 2-5.1;
[0229] an antenna 2-5.2.
[0230] The protection circuit 2-7 has the function of

protecting the electronic circuits internally of the portable
electronic device 2.

[0231] The protection circuit 2-7 comprises four input
terminals adapted to receive the first, second, third and
fourth detecting electrical signals S1_r, S2_r, S3_re S4_r
respectively which are signals of analog electrical voltage.
[0232] The protection circuit 2-7 further comprises four
output terminals adapted to generate a first protected elec-
trical voltage V1_pr calculated as a function of the first
analog electrical voltage S1_r, a second protected electrical
voltage V2_pr calculated as a function of the second analog
electrical voltage S2_r, a third protected electrical voltage
V3_pr calculated as a function of the third analog electrical
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voltage S3_r and a fourth protected electrical voltage V4_pr
calculated as a function of the fourth analog electrical
voltage S4_r, respectively.

[0233] The amplification circuit 2-8 has the function of
amplifying the protected electrical voltage signals V1_pr,
V2_pr, V3_pr, V4_pr.

[0234] The amplification circuit 2-§ further comprises
four output terminals adapted to generate a first amplified
electrical voltage V1_a calculated by means of the ampli-
fication of the value of the first protected electrical voltage
V1_pr, asecond amplified electrical voltage V2_a calculated
by means of the amplification of the value of the second
protected electrical voltage V2_pr, a third amplified electri-
cal voltage V3_a calculated by means of the amplification of
a value of the third protected electrical voltage V3_prand a
fourth amplified electrical voltage V4_a calculated by means
of the amplification of the value of the fourth protected
electrical voltage V4_pr, respectively.

[0235] Advantageously, the amplification circuit 2-8 com-
prises a further input terminal adapted to receive the gain
control signal S_ctrl_g for regulating the gain value of the
amplification circuit 2-8.

[0236] The processing unit 2-6 is configured to calculate
the values of the first lead DI, of the second lead DII and of
the third lead DIII, as explained in the foregoing.

[0237] In particular, the electrodes placement verification
module 2-6.1 is further configured to adjust the value of the
gain control signal S_ctrl_g as a function of the values of the
first potential difference of the first lead DI, of the second
potential difference of the second lead DII and of the third
potential difference of the third lead DIII: in this way an
adjustment of the values of the amplified electrical voltage
signals V1_a, V2_a, V3_a, V4_a is performed and then it is
performed a compensation of the difference of voltage
values detected by the various electrodes 2-1, 2-2, 2-3.
[0238] The analog-digital converter 2-10 has the function
of carrying out a conversion from analog to digital of the
values of the first, second, third and fourth amplified elec-
trical voltage V1_a, V2_a, V3_a, V4_a.

[0239] The analog-digital converter 2-10 comprises one or
more output terminals adapted to generate a first digital
electrical voltage V1_d calculated by means of the conver-
sion from analog to digital of the value of the first amplified
electrical voltage V1_a, a second digital electrical voltage
V2_d calculated by means of the conversion from analog to
digital of the value of the second amplified electrical voltage
V2_a, a third digital electrical voltage V3_d calculated by
means of the conversion from analog to digital of the value
of the third amplified electrical voltage V3_a and a fourth
digital electrical voltage V4_d calculated by means of the
conversion from analog to digital of the value of the fourth
amplified electrical voltage V4_a.

[0240] The processing unit 2-6 comprises one or more
input terminals adapted to receive the values of the first,
second, third and fourth digital electrical voltage V1_d,
V2_d, V3_d, V4_d and to generate, as a function thereof, the
positioning verification signal S_v_ps, the heart rate detec-
tion signal S_r_fc and the electrocardiogram S_ecg signal,
as explained in the foregoing.

[0241] The set of the receiving/transmitting circuit 2-5.1
and of the antenna 2-5.2 constitutes the transceiver 2-5.
[0242] With reference to FIGS. 4A-4D, the flow chart 100
of the method for controlling the acquisition of an electro-
cardiogram according to the disclosure is shown.
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[0243] Note that steps 102, 103, 104, 105, 106, 140, 141,
142, 132, 133, 135, 136, 149, 150, 151, 152, 153, 154, 155,
156, 157, 158 are performed on the processing unit 3-3 of
the mobile electronic device 3.

[0244] Steps 107,108,109, 143, 144, 145, 130, 131, 147,
148 are instead performed on the processing unit 2-6 of the
portable electronic device 2.

[0245] The flow diagram 100 begins with step 101.
[0246] Step 101 is followed by step 102 wherein the user
of the mobile electronic device 3 (which can be the patient)
selects the operation mode of the mobile electronic device 3,
which can be one of the following:

[0247] “monitoring” operation mode, wherein it is per-
formed an electrocardiogram of the patient’s heart who
is in a stable physical state, i.e. he is not complaining
of acute cardiovascular symptoms;

[0248] “emergency” operation mode, wherein it is per-
formed an electrocardiogram of the patient’s heart who
is in a cardiovascular symptomatic status, i.e. he is
complaining of acute cardiovascular symptoms.

[0249] If the monitoring operation mode is selected, step
102 is followed by step 103, while if the emergency opera-
tion mode is selected, step 102 is followed by step 140.
[0250] First the monitoring mode will be described, fol-
lowed by the emergency mode.

[0251] The monitoring mode comprises steps 103-110,
130-136.
[0252] In step 103 it is verified whether it is the first time

the electronic system 1 is used:

[0253] in the affermative case, it proceeds to step 104;
[0254] in the negative case, it proceeds to step 105.
[0255] Instep 104 the configuration data of the patient are

entered, as for example the name, the age, the sex.

[0256] Step 104 is followed by step 105 wherein a plu-
rality of real-time images I, I, . . . I, are acquired of the
chest, shoulders, abdomen and pelvis of the patient.
[0257] Step 105 is followed by step 106 wherein a guide
to the placement of the electrodes on the chest is carried out,
as illustrated in the foregoing with the electrodes placement
guiding module 3-3.1; therefore the image of FIG. 3A is
displayed on the screen 3-2 of the mobile electronic device,
which image shows the positioning area Al, A2, A3 (and
possibly A4) wherein to place the electrodes 2-1, 2-2, 2-3
(and possibly 2-4) respectively.

[0258] The electrodes 2-1, 2-2, 2-3 (and possibly 2-4) are
then positioned on the patient’s chest.

[0259] Step 106 is followed by step 107 wherein it starts
the acquisition of the electrical signals detected by the
electrodes 2-1, 2-2, 2.3 and possibly 2-4.

[0260] Step 107 is followed by step 108 wherein it is
verified the placement of the electrodes 2-1, 2-2, 2-3 on the
patient’s chest.

[0261] Step 108 is followed by step 109 wherein it is
verified the correct placement of the electrodes 2-1, 2-2, 2-3
on the patient’s chest, as illustrated in the foregoing with the
electrodes placement verification module 2-6.1; therefore it
is verified that the algebraic sum of the leads DI, DII, DIII
is zero (or differs from zero for a value smaller than the
sufficiently small tolerance value €).

[0262] If the verification is positive (i.e. electrodes 2-1,
2-2, 2-3 have been correctly positioned on the chest), step
109 is followed by step 130.
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[0263] If the verification is negative (i.e. electrodes 2-1,
2-2, 2-3 have not been correctly positioned on the chest),
step 109 is followed by step 110.

[0264] Instep 110 the electrodes 2-1, 2-2, 2-3 are removed
from the respective positions wherein they were applied on
the patient’s skin and a return is performed to step 105.
[0265] Therefore the cycle composed of steps 105, 106,
107, 108, 109, 110 is repeated up to when it is detected that
at least one of the electrodes 2-1, 2-2, 2-3 has been posi-
tioned correctly on the patient’s chest.

[0266] In step 130 the electrical signals detected by the
electrodes 2-1, 2-3, 2-3 (and possibly 2-4) are acquired and,
as a function thereof, the electrocardiogram tracks of the
patient’s heart are generated.

[0267] Step 130 is followed by step 131 wherein the
portable electronic device 2 transmits the short-range radio
signal S1_r_sd carrying data representing the electrocardio-
gram tracks.

[0268] Step 131 is followed by step 132 wherein the
portable electronic device 3 receives the short-range radio
signal S2_r_sd carrying data representing the electrocardio-
gram tracks; further, the screen 3-2 of the mobile electronic
device 3 displays the electrocardiogram tracks, as illustrated
in FIG. 3C.

[0269] The tracks displayed on the screen 3-2 can be the
bipolar leads DI, DII, DIII, or can be the unipolar leads aVR,
aVL, aVF.

[0270] Step 132 is followed by step 133 wherein it is
verified whether the function of measuring clinical param-
eters of the electrocardiogram on the mobile electronic
device 3 has been selected:

[0271] in the affirmative case (i.e. the measuring of the
clinical parameters has been selected), it continues to
step 135;

[0272] in the negative case (i.e. the measuring of the
clinical parameters has not been selected), it continues
to step 134 wherein the flow chart 100 terminates.

[0273] Therefore the mobile electronic device 3 allows the
measurement of the clinical parameters to be performed on
the tracks of the electrocardiogram, such as for example:

[0274] measuring the time length between two succes-
sive R waves;

[0275] measuring the amplitude of one or more R
waves;

[0276] measuring the time length of the PR interval,

[0277] measuring the time length of the QRS complex;

[0278] measuring the elevation or depression of the ST

segment with respect to an isoelectric line;

[0279] measuring the time length of the QT interval,
[0280] calculating the number of heart beats per minute.
[0281] In step 135 it is selected at least one track of the

electrocardiogram and it is measured at least one parameter
of the at least one selected track.

[0282] The values of the measured clinical parameters are
indicated together with the respective tracks of the leads: in
this way the values measured can be correctly associated to
the correct track for a correct medical assessment.

[0283] Step 135 is followed by step 136 wherein at least
one selected electrocardiogram track and the values of the
respective clinical parameters measured are stored into the
memory 3-5.

[0284] In one embodiment in step 136 the at least one
selected track and the values of the respective measured
clinical parameters are transmitted across a communication
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network (for example a long-range communication network
of a radio-mobile type), so as to be sent to a medical centre
or to the patient’s doctor.
[0285] The tracks (with the measured values of the clinical
parameters) can be saved on a pdf format file, which can be
stored locally into the memory 3-5 of the mobile electronic
device 3 or it can be saved into a cloud space. Said pdf file
can be sent remotely in any way, for example as an attach-
ment to an email message.
[0286] The “emergency” mode comprises steps 140-159.
[0287] In step 140 the patient’s symptom is entered for
carrying out the electrocardiogram.
[0288] The symptom can be for example a pain originating
in the chest, dizziness, palpitations, syncope or pre-syncope.
[0289] Step 140 is followed by step 141, wherein it is
performed a guide to the placement of the electrodes on the
chest.
[0290] Steps 141, 142, 143, 144, 145, 146, 147, 148, 149
correspond to steps 105, 106, 107, 108, 109, 110, 130, 131,
132 respectively of the “monitoring” mode, to which refer-
ence is made.
[0291] Step 149 is followed by step 150 wherein an
automatic measuring of the clinical parameters of the elec-
trocardiogram is performed.
[0292] The measured clinical parameters can be selected
from the list indicated herein above for step 135, i.e:
[0293] measuring the time length between two succes-
sive waves R;

[0294] measuring the amplitude of one or more R
waves;

[0295] measuring the time length of the PR interval,

[0296] measuring the time length of the QRS complex;

[0297] measuring the elevation or depression of the ST

segment with respect to an isoelectric line;

[0298] measuring the time length of the QT interval,
[0299] calculating the number of heart beats per minute.
[0300] Step 150 is followed by step 151 wherein the

electrocardiogram tracks and the values of the respective
measured clinical parameters are transmitted across a com-
munication network (for example a long-range communica-
tion network of a radio-mobile type), so as to be sent to a
medical centre or the patient’s doctor.

[0301] Advantageously, in step 151 not only are the elec-
trocardiogram tracks generated in the emergency mode
transmitted (together with the values of the respective mea-
sured clinical parameters), but also the tracks of at least one
electrocardiogram generated in the monitoring mode are
transmitted: in this way a doctor is able to make a compari-
son between the two electrocardiogram tracks of the same
patient and is able to readily detect the presence of a
cardiovascular alteration.

[0302] # n one embodiment in step 151 the information
representing the type of symptom that has caused the
acquisition of the electrocardiogram in the emergency mode
is further transmitted: in this way the doctor receiving the
electrocardiogram in the presence of the cardiovascular
alteration has no further need to ask questions to the patient
in order to know the symptom, and he is able to readily
associate the track of an electrocardiogram to the corre-
sponding symptom.

[0303] Step 151 is followed by step 152 wherein it is
performed a measurement of the distance between two
successive R waves and the respective amplitude value in a
defined time interval.
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[0304] Step 152 is followed by step 153 wherein it is
verified whether anomalies have been detected in the values
of the distance between two successive R waves and/or in
the value of the respective amplitude:

[0305] in the affirmative case (i.e. anomalies have been
detected), it continues to step 154 to;

[0306] in the negative case (i.e. no anomalies have been
detected), it continues to step 134 wherein the flow
chart 100 terminates.

[0307] The irregularities detected (and the detecting
modes) are those illustrated in the foregoing in the descrip-
tion of the heart rate detecting module 2-6.2, i.e. cardiocir-
culatory arrest, ventricular fibrillation or ventricular tachy-
cardia.

[0308] In step 154 the cardio-pulmonary resuscitation
procedure starts, which terminates with step 159.

[0309] In step 154 a plurality of real-time images I, I,, .
. . I, of the chest, shoulders, abdomen and pelvis of the
patient are acquired.

[0310] Step 154 is followed by step 155 wherein it is
performed a guide to the positioning of the hands on the
chest, as illustrated in the foregoing with the hand placement
guiding module 3-3.2; therefore an image of the patient’s
chest is displayed on the screen 3-2 of the mobile electronic
device 3, which image shows the position wherein to apply
the hands with the purpose of carrying out the cardio-
pulmonary resuscitation procedure.

[0311] Step 155 is followed by step 156 wherein the video
of the guided procedure to cardio-pulmonary resuscitation is
read from the memory 3-5.

[0312] Step 156 is followed by step 157 wherein the
screen 3-2 displays said video of the cardio-pulmonary
resuscitation

[0313] Step 157 is followed by step 158 wherein the
cardio-pulmonary resuscitation on the patient is commenced
by any person.

[0314] Step 158 is followed by step 158 wherein the flow
chart 100 terminates.

[0315] 1In one embodiment between step 150 and step 151
there is a further step wherein it is performed the geolocali-
sation of the mobile electronic device 3 and the coordinates
representing the geographic position wherein the mobile
electronic device 3 is located on planet Earth are generated.
For example, it is used a satellite localisation system of a
GPS type and thus the GPS coordinates are obtained.
Moreover, step 151 further comprises transmission across
the communication network of the coordinates representing
the geographical position wherein the mobile electronic
device 3 is located. The information relating to the coordi-
nates of the geographical position of the mobile electronic
device 3 can be received by a medical centre which can call
an ambulance, or can be received directly by a central
emergency unit which sends an ambulance to the position
wherein the patient is located, using the coordinates of the
geographical position wherein the mobile electronic device
3 is located.

[0316] Advantageously, in steps 108-109 the verification
of the correct placement of the electrodes is carried out in
steps 108-1, 108-2, 108-3, 108-4, 108-5, 108-6 shown in
FIG. 4D;, note that said steps are performed in the electrodes
placement verification module 2-6.1 illustrated in the fore-
going.

[0317] Inthis case step 107 is followed in parallel by steps
108-1, 108-2, 108-3.



US 2018/0049659 A1

[0318] 1Instep 108-1, it is calculated the first lead DI equal
to a first potential difference between the electrical signal
generated by the second electrode 2-2 positioned on the
chest in proximity of the left shoulder and the electrical
signal generated by the first electrode 2-1 positioned on the
chest in proximity of the right shoulder.

[0319] In step 108-2, it is calculated the second lead DII
equal to a second potential difference between the electrical
signal generated by the third electrode 2-3 positioned on the
abdomen in proximity of the left leg and the electrical signal
generated by the first electrode 2-1 positioned on the chest
in proximity of the right shoulder.

[0320] In step 108-3, it is calculated the third lead DIII
equal to a third potential difference between the electrical
signal generated by the third electrode 2-3 positioned on the
abdomen in proximity of the left leg and the electrical signal
generated by the second electrode 2-2 positioned on the
chest in proximity of the left shoulder.

[0321] Steps 108-1 and 108-2 are followed by step 108-4
wherein a difference A, is calculated that is equal to the
difference between the second potential difference of the
second lead DII and the first potential difference of the first
lead DI.

[0322] Steps 108-3 and 108-4 are followed by step 108-5
wherein it is calculated an absolute value of the difference
between the calculated difference A,;; and the potential
difference of the third lead DIIL

[0323] Step 108-5 is followed by step 108-6 wherein a
verification is performed as to whether the absolute value
calculated is lower than or equal to a tolerance value €:

[0324] in the positive case (i.e. the calculated absolute
value is smaller than or equal to the tolerance value €),
it continues to step 130;

[0325] in the negative case (i.e. the calculated absolute
value is greater than the tolerance value €), it continues
to step 110.

[0326] A description will now be made of a first operation
of the electronic system 1 in the monitoring operating mode,
with reference also to FIGS. 1, 3A, 4A and 4B.

[0327] For the purposes of simplicity the following
hypotheses are considered:

[0328] the mobile electronic device 3 is a smartphone
provided with a front camera 3-1 and a screen 3-2 of the
touch-screen type;

[0329] a first software application is installed on the
mobile electronic device 3, which carries out steps 102,
103, 104, 105, 106, 132, 133, 135, 136, 135 of the flow
chart 100;

[0330] a second software application is run on the
portable electronic device 2, which performs steps 107,
108, 109, 130, 131 of the flow chart 100,

[0331] the patient himself carries out an electrocardio-
gram of his heart (i.e. performs a self-monitoring of the
heart) and thus the user of the smartphone 3 is the
patient himself.

[0332] the portable electronic device 2 is used for the
first time;

[0333] four electrodes 2-1, 2-2, 2-3, 2-4 are used;

[0334] the positioning areas Al, A2, A3, A4 have a

circular shape;

[0335] the short-range radio signal exchanged between
the smartphone 3 and the portable electronic device is
of the Bluetooth type.
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[0336] At the initial instant t0 the patient has his chest
uncovered and he starts the first software application on the
smartphone 3.

[0337] Then the patient selects the monitoring operation
mode (step 102) and selects the front camera 3-1.

[0338] The processing unit 3-3 detects that it is the first
time the first software application has been used and thus it
displays on the screen 3-2 a request for entry of the patient’s
configuration data.

[0339] At instant t1 (following t0) the patient enters his
configuration data using the screen 3-2 of a touch-screen
type, such as his name, age, address, gender.

[0340] At instant 2 (following t1) the processing unit 3-3
of the smartphone 3 activates the front camera 3-1 of the
smartphone 3, thus the patient uses a hand to position the
smartphone in order to frame his shoulders, chest, abdomen
and pelvis.

[0341] The processing unit 3-3 performs step 105 and the
camera 3-1 acquires a plurality of real-time images I, L,, .
. . I, of the chest, shoulders, abdomen and pelvis of the
patient (for example, 10 images)

[0342] Subsequently the processing unit 3-3 performs step
106 and the screen 3-2 shows the real-time image of the
patient’s chest which shows four positioning areas Al, A2,
A3, A4 wherein to position electrodes 2-1, 2-2, 2-3, 2-4
respectively, as illustrated in FIG. 3A.

[0343] At instant t3 (following t2) the patient positions
electrode 2-1 on the skin of the chest externally of the
positioning area Al which is in proximity of the right
shoulder, positions electrode 2-2 on the skin of the chest
inside the positioning area A2 which is in proximity of the
left shoulder, positions electrode 2-3 on the skin of the pelvis
inside the positioning area A3 which is in proximity of the
left leg and positions electrode 2-4 on the skin of the pelvis
inside the positioning arca A4 in proximity of the right leg.
[0344] At instant t4 (following t3) the processing unit 2-6
of the portable electronic device 2 detects the presence of the
electrodes 2-1, 2-2, 2-3, 2-4 on the patient’s skin and
performs step 107 wherein it starts to acquire the electrical
signals S1_r, S2_r, S3_r, S4_r generated by the electrodes
2-1, 2-2, 2-3, 2-4 respectively.

[0345] Subsequently the processing unit 2-6 performs
steps 108, 109 wherein it performs the verification of the
correct placement of the electrodes 2-1, 2-2, 2-3 on the
patient’s chest; in particular the processing unit 2-6 detects
that at least one electrode has not been positioned correctly,
because the electrode 2-1 has been positioned externally of
the positioning area Al.

[0346] Therefore the screen 3-2 displays a flashing text
message indicating that at least one electrode has not been
correctly positioned.

[0347] Therefore the patient observes the screen 3-2, notes
the flashing text message and removes the electrode 2-1
from the skin (step 110).

[0348] At instant t5 (following t4) the processing unit 3-3
performs again steps 105 and 106 and the screen 3-2 shows
again the real-time image of the patient’ chest which shows
four positioning areas Al, A2, A3, A4 wherein to position
electrodes 2-1, 2-2, 2-3, 2-4 respectively.

[0349] Ininstants comprised between t6 (following t5) and
t7 (excluded) the operation is similar to that explained in the
foregoing at instants t3 and t4, with the difference that the
patient positions electrode 2-1 on the skin of the chest inside
the positioning area Al which is in proximity of the right
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shoulder; consequently, the processing unit 2-6 detects that
the electrodes 2-1, 2-2, 2-3 are positioned correctly and the
screen 3-2 displays a text message indicating the correct
placement.

[0350] At instant t7 (following t6) the portable electronic
device 2 acquires the electrical signals S1_r, S2_r, S3_r,
S4_r detected by the electrodes 2-1, 2-3, 2-3, 2-4 respec-
tively and generates the electrocardiogram tracks of the
patient’s heart (step 130).

[0351] Subsequently, the portable electronic device 2
transmits via Bluetooth towards the smartphone 3 the signal
S1_r_sd carrying information representing the electrocar-
diogram tracks (step 131).

[0352] At instant t8 (following t7) the smartphone 3
receives, via Bluetooth, signal S2_r_sd carrying information
representing the electrocardiogram tracks (step 132) and it
displays the electrocardiogram tracks on the screen 3-2, as
illustrated in FIG. 3C.

[0353] Subsequently, the patient does not carry out any
measurement of the clinical parameters of the electrocardio-
gram (steps 133 and 134).

[0354] A description will now be made of a second
operation of the electronic system 1, operating in the emer-
gency mode, with reference also to FIGS. 1, 3A, 4A, 4B, 4C.
[0355] Consider the same hypotheses of the first operation
mode, with the following differences:

[0356] the rear camera 3-1 is used,;
[0357] the patient is aided by a family member;
[0358] the family member carries out the electrocardio-

gram on the patient, thus the user of the smartphone 3

is the family member;
[0359] At the initial instant t10 the patient detects a
cardiovascular symptom, uncovers his/her chest and starts
the first software application on the smartphone 3.
[0360] Then the family member selects the emergency
operation mode (step 102) and selects the rear camera 3-1
and enters the patient’s symptom (step 140).
[0361] In the instants comprised between t11 (following
t10) and t12 (excluded), the operation is the same as for that
described previously between instants t6 and t8, i.e. steps
141, 142, 143, 144, 145, 147, 148, 149 of the flow chart 100
are performed.
[0362] At instant t12 (following t11) the smartphone 3
performs an automatic measurement of the clinical param-
eters of the electrocardiogram (step 150) and transmits the
electrocardiogram tracks (and the values of the respective
clinical parameters measured) via a radio-mobile network to
a medical centre (step 151).
[0363] Moreover, the processing unit 3-3 of the smart-
phone 3 carries out a measurement of the distance between
two successive waves R of a track of the electrocardiogram
and detects the presence of heart anomalies (step 153 and
transition from step 153 to step 154); in particular the
presence of a cardiocirculatory arrest of the patient’s heart is
detected.
[0364] In the instants comprised between t13 (following
t12) and t14 (excluded) the smartphone 3 performs steps
154, 155, 156, 157 and thus the screen 3-2 displays first the
image of the patient’s chest which shows the position
wherein to apply the hands with the purpose of carrying out
the cardio-pulmonary resuscitation procedure and then the
video of the guided cardio-pulmonary resuscitation proce-
dure.
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[0365] The family member applies hisr hands on the
patient’s chest in the indicated position on the screen 3-2 and
performs the cardio-pulmonary resuscitation procedure, fol-
lowing the instructions of the video on the screen 3-2,
alternating strikes on the sternum with pauses.

[0366] At instant t14 (following t13) the patient’s heart
recommences beating and thus the patient has been saved.

[0367] According to a first aspect, it is also an object of the
present disclosure a method for controlling acquisition of an
electrocardiogram, wherein said method is run on the con-
trol unit of the portable electronic device 2.

[0368]

[0369] a) generating a first, a second and a third detecting
electrical signal representing the current generated on the
skin by the activity of the heart of a human being in the
points wherein a first, a second and a third electrode are
positioned respectively on a portion of the human body;

[0370] b) calculating a first lead DI equal to a first poten-
tial difference between the second detecting electrical
signal S2_r and the first detecting electrical signal S1_r;

[0371] c¢) calculating a second lead DII equal to a second
potential difference between the third detecting electrical
signal S3_r and the first detecting electrical signal S1_r;

[0372] d) calculating a third lead DIII equal to a third
potential difference between the third detecting electrical
signal S3_r and the second detecting electrical signal
82 ;

[0373] e) calculating a difference equal to the difference
between the second and the first potential difference;

[0374] f) verifying whether the absolute value of the
difference between the calculated difference and the third
potential difference is smaller than a tolerance value;

[0375] g) in case of a positive verification, detecting the
correct placement of the first, second and third electrode;

[0376] h) in case of a negative verification, detecting an
incorrect placement of at least one electrode among the
first, second and third electrode.

[0377] It is also an object of the present disclosure a
computer program comprising software code portions
adapted to perform the steps b)-h) of the method according
to the first aspect, when said program is run on at least one
computer.

[0378] According to a second aspect, it is also an object of
the present disclosure a method for controlling acquisition of
an electrocardiogram, wherein said method is run on the
control unit of the mobile electronic device 3.

[0379]

[0380] a) receiving a plurality of real-time images repre-
senting a portion of the human body;

[0381] b)identifying a feature of the portion of the human
body within said plurality of images;

[0382] c) calculating, as a function of the identified fea-
ture, the position wherein to apply the first, second and
third electrodes on the portion of the human body;

[0383] d) displaying a real-time image representing said
portion of the human body and further comprising a first
positioning mark A1, a second positioning mark A2 and
a third positioning mark A3 representing the positions
wherein to apply the first, the second and the third
electrode respectively.

The method comprises the steps of:

The method comprises the steps of:



US 2018/0049659 A1

[0384] In one embodiment in the method of the second
aspect:
[0385] step a) comprises receiving the plurality of real-

time images representing the shoulders, the chest, the
abdomen and the pelvis of the human body,

[0386] step b) comprises identifying the position of the
shoulders within at least part of said plurality of
images,

[0387] step c) comprises:

cl) calculating the width x of the shoulders as a function of
at least part of said plurality of images;

c2) calculating, as a function of the width x of the shoulders
and the value of a first parameter k, a first distance y1
between the first positioning area and the extremity of the
right shoulder and between the second positioning area and
the extremity of the left shoulder;

c3) calculating the width z of the pelvis;

c4) calculating, as a function of the width z of the pelvis and
of the value of a second parameter r, a second distance t1
between the third positioning area and the extremity of the
left pelvis;

c5) calculating a third distance h between the third position-
ing area and the first positioning area equal to a value
comprised in a range centred on half the width x of the
shoulders;

[0388] step d) comprises displaying the real-time image
representing at least the chest of the human body and
further comprises:

[0389] the first positioning mark consisting of a first
positioning area Al wherein to apply the first elec-
trode 2-1 positioned on the chest in proximity to the
left shoulder and having a position identified by the
first distance;

[0390] the second positioning mark consisting of a
second positioning area A2 wherein to apply the
second electrode 2-2 positioned on the chest in
proximity to the right shoulder and having a position
identified by the first distance;

[0391] the third positioning mark consisting of a third
positioning area A3 wherein to apply the third elec-
trode (2-3) positioned on the abdomen in proximity
to the left leg and having a position identified by the
third distance and by the fourth distance.

[0392] It is also an object of the present disclosure a
computer program comprising software code portions
adapted to perform the steps of the method according to the
second aspect, when said program is run on at least one
computer.

[0393] It is also an object of the present disclosure a
portable electronic device 2 to control the acquisition of an
electrocardiogram.

[0394] The portable electronic device further comprises:

[0395] a first electrode 2-1, a second electrode 2-2 and
a third electrode 2-3 configured to generate a first
detecting electrical signal S1_r, a second detecting
electrical signal S2_r and a third S3_r detecting elec-
trical signal respectively representing the current gen-
erated on the skin by the activity of the heart of a human
being in the respective points wherein the first, second
and third electrodes are positioned on said portion of
the human body;

[0396] a transceiver 2-5 of short-range radio signals;
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[0397] a processing unit 2-6 connected with the trans-
ceiver 2-5 and with the first electrode 2-1, second
electrode 2-2 and third electrode 2-3;

[0398] The processing unit 2-6 of the portable electronic
device comprises a module 2-6.1 for verifying the placement
of the first, second and third electrodes, wherein said elec-
trodes placement verification module is configured to:

[0399] receive the first, second and third detecting elec-
trical signals generated by the first, second and third
electrodes respectively;

[0400] calculate a first lead DI equal to a first potential
difference between the second detecting electrical sig-
nal S2_r and the first detecting electrical sensing signal
S1_r;

[0401] calculate a second lead DII equal to a second
potential difference between the third detecting electri-
cal signal S3_r and the first detecting electrical signal
S1_r;

[0402] calculate a third lead DIII equal to a third
potential difference between the third detecting electri-
cal signal S3_r and the second detecting electrical
signal S2_r;

[0403] calculate a difference equal to the difference
between the second and the first potential difference;

[0404] verify whether the absolute value of the differ-
ence between the calculated difference and the third
potential difference is lower than a tolerance value;

[0405] in case of a positive verification, generate a
positioning verification signal S_v_ps indicating the
correct placement of the first, second and third elec-
trodes;

[0406] in case of a negative verification, generate a
positioning verification signal S_v_ps indicating the
incorrect placement of at least one electrode between
the first and third electrodes.

[0407] The transceiver 2-5 of the portable electronic
device 2 is configured to receive the positioning verification
signal and generate therefrom a short-range radio signal
S1_s_rd carrying information indicating the correct place-
ment of the first, second and third electrodes or indicating
the incorrect placement of at least one electrode among the
first, second and third electrodes.

[0408] The present disclosure also relates to a mobile
electronic device 3, in particular a smartphone for control-
ling the acquisition of an electrocardiogram.

[0409] The portable electronic device further comprises:

[0410] an optical device 3-1 for acquiring real-time
images of a portion of a human body;

[0411] a screen 3-2;

[0412] a processing unit 3-3 connected with the optical
device and with the screen.

[0413] The processing unit 3-3 of the mobile electronic
device comprises an electrodes placement guiding module
3-3.1 for the first, second and third electrodes, wherein the
electrode placement guiding module is configured to:

[0414] receive a plurality of real-time images represent-
ing a portion of the human body;

[0415] identify a feature of the portion of the human
body within at least part of said plurality of images;

[0416] calculate, as a function of the identified charac-
teristic, the positions wherein to apply the first, second
and third electrodes on the portion of the human body;
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[0417] generate a driving signal S_pl carrying informa-
tion indicating the calculated positions wherein to
apply the first, second and third electrodes;

[0418] Moreover, the screen 3-2 is configured to:
[0419] receive said driving signal S_pl;
[0420] display a real-time image representing said por-

tion of the human body and further comprising a first
positioning mark A1, a second positioning mark A2 and
a third positioning mark A3 representing the positions
wherein to apply the first, second and third electrodes
respectively.

1. An electronic system to control the acquisition of an
electrocardiogram, the system comprising a portable elec-
tronic device and a mobile electronic device,

the mobile electronic device comprising:

an optical device for acquiring real-time images of a
portion of a human body;

a screen;

a processing unit connected to the optical device and to
the screen;

the portable electronic device comptrising:

a first, a second and a third electrode configured to
generate, respectively, a first, a second and a third
detecting electrical signal representing a current gen-
erated on the skin by the activity of the heart of a
human being in the respective points wherein the
first, second, and third electrodes are positioned on
said portion of the human body;

the processing unit of the mobile electronic device com-

prising an electrodes placement guiding module for the

first, second, and third electrode, wherein the electrodes
placement guiding module is configured to:

receive a plurality of real-time images representing the
portion of the human body;

identify a feature of the portion of the human body
within at least part of said plurality of images;

calculate, as a function of the identified feature, the
positions on which to apply the first, second and third
electrode on the portion of the human body; and

generate a driving signal carrying information indicat-
ing the calculated positions on which to apply the
first, second and third electrode;

wherein the screen is configured to:

receive said driving signal; and
display a real-time image representing said portion

of the human body and further comprising a first
positioning mark, a second positioning mark and
a third positioning mark representing the positions
to apply the first, second and third electrode
respectively.

2. The electronic system according to claim 1, wherein:

the portion of the human body comprises shoulders, a

chest, an abdomen and a pelvis;

the first positioning mark is a first positioning area in

which the first electrode is to be applied and wherein

the first positioning mark is positioned on the chest in
proximity to the left shoulder;

the second positioning mark is a second positioning area

in which the second electrode is to be applied and

wherein the second positioning mark is positioned on
the chest in proximity to the right shoulder;

the third positioning mark is a third positioning area in

which the third electrode is to be applied and wherein
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the third positioning mark is positioned on the abdomen
in proximity to the left leg;
the feature of the portion of the human body is one of the
two shoulders;
and
wherein said electrodes placement guiding module is con-
figured to:
receive the plurality of real-time images representing the
shoulders, the chest, the abdomen and the pelvis;
identify the position of the shoulders within at least part
of said plurality of images;
calculate the width of the shoulders as a function of at
least part of said plurality of images;
calculate, as a function of the width of the shoulders and
of a value of a first parameter, a first distance between
the first positioning area and an extremity of the right
shoulder and between the second positioning area and
an extremity of the left shoulder;
calculate the width of the pelvis;
calculate, as a function of the width of the pelvis and of
a value of a second parameter, a second distance
between the third positioning area and an extremity of
the left pelvis;
calculate a third distance between the third positioning
area and the first positioning area equal to a value
comprised in a range centered on half the width of the
shoulders;
generate the driving signal carrying information indicat-
ing the first, second and third distance;
wherein the screen is configured to receive the driving signal
and display the real-time image representing at least the
chest of the human body, wherein said image comprises:
the first and the second positioning areas having a position
identified by the first distance;
the third positioning area having a position identified by
the third distance and by the fourth distance.
3. The electronic system according to claim 2,
wherein the mobile electronic device further comprises a
transceiver of short-range radio signals connected to
the processing unit,
wherein the portable electronic device further comprises:
a transceiver of short-range radio signals; and
a processing unit connected to the transceiver and to the
first, the second, and the third electrode;
the processing unit of the portable electronic device
comprising a verification module of the placement of
the first, second, and third electrode, wherein said
verification module of the electrodes placement is
configured to:
receive the first, second, and third detecting electrical
signals generated by, respectively, the first, second
and third electrodes;
calculate a first lead equal to a first potential difference
between the second detecting electrical signal and
the first detecting electrical signal;
calculate a second lead equal to a second potential
difference between the third detecting electrical sig-
nal and the first detecting electrical signal;
calculate a third lead equal to a third potential differ-
ence between the third detecting electrical signal and
the second detecting electrical signal;
calculate a difference equal to the difference between
the second and the first potential difference;
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verify whether the absolute value of the difference
between the calculated difference and the third
potential difference is smaller than a tolerance value;

in case of a positive verification, generate a positioning
verification signal indicating the correct placement
of the first, second, and third electrode;

in case of a negative verification, generate the posi-
tioning verification signal indicating the, incorrect
placement of at least one electrode among the first,
second and third electrode;

wherein the transceiver of the portable electronic device

is configured to receive the positioning verification
signal and generate therefrom a short-range radio signal
carrying information indicating the correct placement
of the first, second, and third electrode or indicating the
incorrect placement of at least one electrode among the
first, second, and third electrode,

wherein the transceiver of the mobile electronic device is

configured to receive a short-range radio signal carry-
ing said information indicating the correct or incorrect
placement and generate therefrom an internal signal
carrying said information indicating the correct or
incorrect placement, and

wherein the screen of the mobile electronic device is

configured to receive the internal signal and display a
graphical or textual indication representing the correct
placement of the first, second, and third electrode or
indicating the incorrect placement of at least one elec-
trode among the first, second, and third electrode.

4. The electronic system according to claim 1, wherein the
processing unit of the portable electronic device further
comprises a heart rate detecting module configured to:

receive the first, second,. and third detecting electrical

signal and measure, as a function thereof, a distance
between two subsequent R waves and the respective
amplitude value in a defined time interval,

if the amplitude value of the R waves is smaller than the

value of a first amplitude threshold, generate a heart
rate detecting signal having a first value indicating the
presence of a cardio-circulatory arrest of the heart of
the human body;

if the amplitude value of the R waves is comprised

between the value of the first amplitude threshold and
the value of a second amplitude threshold greater than
the first amplitude threshold and if the value of said
distance is smaller than the value of a first distance
threshold, generate the heart rate detecting signal hav-
ing a second value indicating the presence of a ven-
tricular fibrillation of the heart of the human body;

if the value of said distance is comprised between the

value of the first distance threshold and the value of a
second distance threshold greater than the first distance
threshold, generate the heart rate detecting signal hav-
ing a third value indicating the presence of a ventricular
tachycardia of the heart of the human body;

wherein the transceiver of the portable electronic device

is configured to receive the heart rate detecting signal
and generate therefrom the short-range radio signal
carrying information indicating the presence of the
cardiocirculatory arrest, the ventricular fibrillation or
the ventricular tachycardia,

wherein the transceiver of the mobile electronic device is

configured to receive a short-range radio signal carry-
ing said information indicating the presence of the
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cardiocirculatory arrest, the ventricular fibrillation or
the ventricular tachycardia and generate therefrom an
internal signal carrying said information indicating the
presence of the cardiocirculatory arrest, the ventricular
fibrillation or the ventricular tachycardia,

wherein the mobile electronic device comprises a memory

for storing a video representing a guided procedure for
cardiopulmonary resuscitation, said video containing a
sequence of images representing the position of the
hands to be applied on the sternum of the human body
and the timing of the pressures exerted by the hands on
the sternum,

the processing unit of the mobile electronic device com-

prising a hand placement guiding module configured

to:

receive the information indicating the presence of the
cardiocirculatory arrest, the ventricular fibrillation or
the ventricular tachycardia;

receive the plurality of real-time images representing at
least the chest of the human body;

identify said feature of the portion of the human body
within said plurality of images;

calculate, as a function of the identified feature, the
position on which to apply the first and the second
electrode on the chest of the human body;

calculate, as a function of the calculated position of the
first and second electrode, the position on which to
apply the hands on the chest of the human body in
order to perform a sequence of hand movements for
a cardiopulmonary resuscitation of the heart of the
human body;

generate the driving signal indicating the presence of
the cardiocirculatory arrest, the ventricular fibrilla-
tion or the ventricular tachycardia and indicating the
calculated position of the hands;

read from the memory the video representing the
sequence of hand movements for the cardiopulmo-
nary resuscitation;

generate the driving signal that includes the cardiopul-
monary resuscitation video;

wherein the screen of the mobile electronic device is

configured to:

receive the driving signal;

display a graphical or textual indication representing
the presence of a cardiocirculatory arrest, ventricular
tachycardia or ventricular fibrillation;

display an image representing the chest of the human
body and further comprising a fourth positioning
area representing a position on which to apply the
hands;

display said cardiopulmonary resuscitation video.

5. The electronic system according to claim 3, wherein the
portable electronic device comprises an amplification circuit
having a gain variable as a function of a gain control signal,
the amplification circuit being configured to receive the first,
second, and third detecting electrical signals and generate
therefrom, respectively, first, second, and third amplified
signals,

wherein the electrodes placement verification module is

further configured to regulate a value of the gain
control signal as a function of the values of the first,
second, and third potential difference.

6. The electronic system according to claim 1, wherein the
processing unit of the portable electronic device further
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comprises an electrocardiogram generating module config-
ured to generate an electrocardiogram signal carrying the
values of the tracks of a first electrocardiogram of a patient
in a stable physical state and of a second electrocardiogram
of the patient having cardiovascular symptoms,

wherein the transceiver of the portable electronic device
is configured to receive the electrocardiogram signal
and generate therefrom the short-range radio signal
carrying said information indicating the values of the
tracks of the first and second electrocardiograms and
carrying information indicating the symptom associ-
ated with the second electrocardiogram,

wherein the transceiver of the mobile electronic device is
configured to receive a short-range radio signal carry-
ing said information indicating the values of the tracks
of the first and second electrocardiograms and carrying
information indicating said symptom,

wherein the screen of the mobile electronic device is
configured to display the tracks of the first or of the
second electrocardiogram, and

wherein the mobile electronic device further comprises a
long-range radio signal transceiver configured to trans-
mit to a medical center or to a central emergency unit
for ambulance management a long-range radio signal
carrying said information indicating the values of the
tracks of the first and second electrocardiograms and
carrying said information indicating the symptom asso-
ciated with the second electrocardiogram.

7. The electronic system according claim 1, wherein the
screen 1is configured to display the tracks of at least three
leads of the electrocardiogram on a single screenshot,

wherein the mobile electronic device includes a camera
and is selected from among the following:

a smartphone;
a tablet;
a laptop;

wherein the camera is positioned:
on a front or a rear side of the smartphone;
on a front side of the tablet;
above a screen of the laptop;

wherein the short-range radio signal is of the Bluetooth
type.

8. The electronic system according to claim 2, wherein the
shape of the first, of the second, and of the third positioning
areas are selected from among the following:

a first, second, and third rectangle which do not overlap
each other, wherein the first rectangle is aligned with
the second rectangle;

a first, second, and third circle which do not overlap each
other, wherein the first circle is aligned with the second
circle.

9. A method for controlling an acquisition of an electro-

cardiogram, the method comprising:

a) generating a first, a second, and a third detecting
electrical signal representing a current generated on the
skin by the activity of the heart of a human being in the
points at which a first, a second, and a third electrode
are positioned respectively on a portion of the human
body;

b) calculating a first lead equal to a first potential differ-
ence between the second detecting electrical signal and
the first detecting electrical signal,
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¢) calculating a second lead equal to a second potential
difference between the third detecting electrical signal
and the first detecting electrical signal;

d) calculating a third lead equal to a third potential
difference between the third detecting electrical signal
and the second detecting electrical signal;

e) calculating a difference equal to the difference between
the second and the first potential difference;

f) verifying whether an absolute value of the difference
between the calculated difference and the third poten-
tial difference is smaller than a tolerance value;

g) in case of a positive verification, detecting a correct
placement of the first, second, and third electrode;

h) in case of a negative verification, detecting an incorrect
placement of at least one electrode among the first,
second, and third electrode.

10. (canceled)

11. A method for controlling the acquisition of an elec-

trocardiogram, the method comprising:

a) receiving a plurality of real-time images representing a
portion of the human body;

b) identifying a feature of the portion of the human body
within said plurality of images;

¢) calculating, as a function of the identified feature, a
position on which to apply first, second, and third
electrodes on the portion of the human body;

d) displaying a real-time image representing said portion
of the human body and further comprising a first
positioning mark, a second positioning mark and a third
positioning mark, wherein the first, second, and third
positioning marks represent positions on which to
apply, respectively, the first, the second and the third
electrode.

12. A method for controlling the acquisition of an elec-

trocardiogram according to claim 11,
wherein step a) comprises receiving the plurality of
real-time images representing shoulders, a chest, an
abdomen and a pelvis of the human body,
wherein step b) comprises identifying the position of the
shoulders within at least part of said plurality of
images,
wherein step ¢) comprises:
cl) calculating the width of the shoulders as a function
of at least part of said plurality of images;

c2) calculating, as a function of the width of the
shoulders and a value of a first parameter, a first
distance between the first positioning area and an
extremity of the right shoulder and between the
second positioning area and an extremity of the left
shoulder;

¢3) calculating the width of the pelvis;

c4) calculating, as a function of the width of the pelvis
and of the value of a second parameter, a second
distance between the third positioning area and an
extremity of the left pelvis;

c5) calculating a third distance between the third posi-
tioning area and the first positioning area equal to a
value comprised in a range centered on half the
width of the shoulders;

wherein step d) comprises displaying the real-time image
representing at least the chest of the human body,

wherein:
the first positioning mark includes a first positioning

area in which to apply the first electrode, wherein the
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first electrode is positioned on the chest in proximity
to the left shoulder and has a position identified by
the first distance;
the second positioning mark includes a second posi-
tioning area in which to apply the second electrode,
wherein the second electrode is positioned on the
chest in proximity to the right shoulder and has a
position identified by the first distance;
the third positioning mark includes a third positioning
area in which to apply the third electrode, wherein
the third electrode is positioned on the abdomen in
proximity to the leg left and has a position identified
by the third distance and by the fourth distance.
13. A computer readable medium having a program
comprising software code portions adapted to perform the
method according to claim 11, when said program is
executed on at least one computer.

I I T T
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