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Description

Technical field

[0001] The present invention is related to the field of
medical electronics, more precisely to the field of instru-
ments for measuring and recording bioelectric signals,
such as electrocardiographs. It concerns devices for data
acquisition, processing, and transmission via commer-
cial telecommunication network. According to the Inter-
national Patent Classification (IPC), the invention is cat-
egorized within the A61B 5/00 class, which defines meth-
ods or devices for measurement or recording in diagnos-
tics purposes. More specifically, the invention is catego-
rized within the A61 B 5/04 class, which defines instru-
ments for measuring or recording bioelectric charges of
a body or an organ, such as electrocardiographs.

Technical problem

[0002] The invention resolves the construction prob-
lem of the device and procedure for cordless recording,
telecommunication transmission, and processing of
three special ECG leads. It implies the use of a mobile
pocket device with integrated electrodes, three of which
are connected to the active inputs of the amplifier coupled
to the control module, one of which is passive, and one
connected to the ground. The invention, with precisely
defined procedure for recording, transmission and
processing, enables quick, simple, and accurate cord-
less self-recording (by the patient himself) with the de-
vice, transmission of three ECG leads, and obtaining of
standard 12-lead ECG recording. During this process,
the 12-lead ECG recording will be reconstructed with the
satisfying accuracy, and the possibility for an error due
to the incorrect positioning of the electrodes will be ex-
cluded as well as the possibility for a major diagnostic
error due to so called base line wandering of the ECG
signal during recording. Thus, the application of the de-
vice will be enabled within the widest spectrum of heart
diseases with diagnoses of cardiac ischemia (Coronary
Artery Disease - CAD).

Background art

[0003] The concept of the system for urgent cardiac
diagnostics which enables a patient, wherever he may
be, to record his ECG himself and send it to his cardiol-
ogist in the remote diagnostic center via commercial tel-
ecommunication network (cellular or fixed telephone line)
is well known. Namely, on the bases of the received ECG
and the conversation with the patient, the cardiologist on
duty can decide: a) whether an urgent intervention is
needed, b) whether the intervention can be performed
by the patient himself, or c) whether the patient’s state
requires urgent medical intervention, and acts accord-
ingly. It is very important that the most critical period,
from the occurrence of the first symptoms until the med-

ical treatment, be minimized (Lenfant C. et al.: Consid-
erations for a national heart attack alert program, Clin.
Cardiol. 1990 Aug; 13 (8 Suppl 8): VIII9-11). There is a
number of patents and products which, within the said
contept of urgent cardiological diagnostics, offer different
solutions for recording and transmitting the ECG signal:
U.S. Patent No. 4,889,134 Greenwold, et al., 1989; U.S.
Patent No. 5,226,431 Bible, et al. 1993; U.S. Patent No.
5,321,618 Gessman, 1994; U.S. Patent No. 5,966,692
Langer, et al., 1999; PCT WO 01/70105 A2, B. Bojovic’

2001; "Instant Memory Recorder" of the company TEL-
ESCAN MEDICAL SYSTEMS 2001; "Instant Memory
Recorder" of the company TELESCAN MEDICAL SYS-
TEMS (TELESCAN MEDICAL SYSTEMS 26424 Table
Meadow Road, Auburn, CA 9560); "CardioCall Event Re-
corder" by REYNOLDS MEDICAL (REYNOLDS MEDI-
CAL LTD, John Tate Road, Hertford SG13 7NW United
Kingdom) and "Heartwiev P-12" by AEROTEL (AERO-
TEL LTD. 5 Hazoref st. Holon 58856 Israel). The solu-
tions can be divided into three groups:

1) The first group comprises solutions for sending
the recording of one or two standard ECG leads. The
mobile recorders of this group can be very small and
with integrated electrodes (no cables are needed),
which is the advantage of the group. The recording
is performed by simple holding of the device on the
patient’s chest or by positioning the fingers on the
integrated electrodes. This is a quick and simple way
for a patient to record one or two leads of his ECG.
However, recording one or two ECG signals limits
the application of these devices to the patients with
rhythm disorders, which is about 20% of the patient
population with heart diseases. Typical device of this
group is "CardioCall Event Recorder" by REY-
NOLDS MEDICAL.
2) The second group consists of solutions that ena-
ble direct recording and transmission of standard 12-
lead ECG, thus including their application to the pa-
tients with the diagnoses of coronary artery diseas-
es. Namely, in such patients, the complete standard
12-lead ECG is necessary for urgent diagnostics.
Some of these devices are equipped with the full set
of electrodes and cables for recording all 12 standard
ECG leads (usually 10 electrodes, that is cables),
which a patient himself attaches onto his body during
recording. The typical representative of this group is
"12 Lead Memory ECG Recorder" by TELESCAN
MEDICAL SYSTEMS. The other method is the use
of a reduced number of electrodes that are moved
during the recording. For example, if four electrodes
are used, three are positioned at the locations of
standard ECG leads I, II, and III (arms and legs of
the patient), while the fourth electrode has to be
moved during recording to each of the six chest po-
sitions for recording chest leads V1-V6 (US Patent
No. 4,889,134, Greenwold et al., 1989). The method
that uses three cable connected electrodes and four
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button-shaped integrated electrodes can be found
in the device "Heartwiev P-12" by AEROTEL. The
recording of 12 leads is performed in three steps:
leads D1, D2, D3, aVR, aVL, aVF, V1, and V2 are
recorded in the first step, V3 and V4 in the second,
and V5 and V6 in the third step. The common dis-
advantage of the whole group is rather complicated
and long-lasting recording procedure, which makes
them very inconvenient for self-application, espe-
cially for the patients suffering a heart attack. Signif-
icant errors are also possible to occur due to the
imprecise positioning of the electrodes.
3) The third group includes the solutions in which
reduced number of special leads is recorded, and
later, on the basis of this recording, all 12 standard
ECG leads are reconstructed computationally. The
method for the reconstruction of 12 standard ECG
leads and/or x,y,z leads of a vectorcardiogram based
on the recorded special leads obtained with four
electrodes is explained in US Patent No 4,850,370,
G. E. Dower 1989. The method is based on the dipole
approximation of the electrical heart activity and us-
es the universal tranformation matrix T, with dimen-
sions 3x12, and with the matrix coefficients deter-
mined experimentally.

[0004] The conventional ECG leads V(D1, D2, D3,
aVR, aVL, aVF. V1, V2, V3, V4, V5, V6) are obtained by
multiplying the transformation matrix T with the recorded
signals at the special leads Vs(Vs1,Vs2,Vs3). The univer-
sal transformation matrix for all patients does not contain
information about individual characteristics of a patient,
which results in major errors in the reconstruction of the
standard ECG lead signals.
[0005] An improvement of this method by introducing
the individual transformation matrix is given in the paper
by Scherer, J. A. et al., Journal of Electrocardiology, v
22 Suppl, pp. 128, 1989, and applied in the US patent
No 5,058,598 (J. M. Niklas et al., 1993), where the im-
plementation of the individual transformation matrix for
each patient, with the segment calculation of the trans-
formation matrix coefficients, was suggested (ECG sig-
nal is devided into segments and the coefficients for each
segment are calculated individually). The reconstruction
of the standard ECG lead signals by the individual trans-
formation matrix means that it is necessary to perform
the basic (calibrating) recording for each patient, which
will be used for the matrix coefficient calculation. The
errors in this approach are significantly reduced com-
pared to the method using the universal transformation
matrix. The major drawback of both said methods is the
need to use cables for recording with the suggested ar-
rangement of electrodes which is very inconvenient for
self-application, especially in the patients suffering a
heart attack. The method in which the reconstruction of
standard ECG leads is also done with the individual trans-
formation matrix (Scherer, J. A. et al., Journal of Electro-
cardiology, v 22 Suppl, pp. 128, 1989), but with the mobile

ECG device with integrated electrodes, i. e. with no ca-
bles used, is presented in the patent PCT WO 01/70105
A2, B. Bojovic’ 2001. The device enables quick and easy
recording of the special ECG leads and reconstruction
of all 12 standard ECG leads with the individual transfor-
mation matrix. However, the limitations in the arrange-
ment of the electrodes, due to the use of the integrated
ones, disable the optimal arrangement of electrodes on
the patient’s body, which results in significant errors in
the signal reconstruction.
[0006] An additional problem present in all three
groups is the occurence of the base line wandering of
the ECG signal during recording. The effect is especially
undesirable for the third group of the said devices be-
cause the base line wandering during the recording of
special leads brings about major diagnostic errors in the
procedure of the reconstruction of 12 standard ECG
leads.

Disclosure of invention

[0007] The invention presents the method and device
for cordless recording, telecommunication transmission,
and processing of three special ECG leads. The record-
ing of three special ECG leads is performed with the mo-
bile device with strictly defined arrangement of integrated
electrodes and the way of recording, which, after the
transmission to a remote PC computer, enables the pre-
cise reconstruction of all 12 signals of standard ECG
leads. In this way, the simplicity of use of the device with
integrated electrodes is combined with high recording
accuracy, until now possible only with the devices using
cables for recording. The system consists of the station-
ary diagnostic callibration center and the mobile ECG
device with integrated electrodes. The diagnostic calli-
bration center comprises a PC computer with the corre-
sponding software, connected to a cellular telephone and
a callibration ECG device with 14 electrodes. The cali-
bration device is used for simultaneous recording of pa-
tient’s 12 standard and three special ECG leads. The
recording of special leads is performed in a way which a
patient will use himself while recording with the mobile
ECG device with integrated electrodes. On the basis of
the recorded data the transformation matrix of a patient
is calculated and stored into a database. The obtained
matrix is used for calculation of 12 standard ECG leads
every time the patient sends, via telephone, the recording
of three special leads taken by himself using the mobile
ECG device with integrated electrodes.
[0008] The accuracy in the reconstruction of 12 stand-
ard ECG leads using the recordings of three special leads
is achieved by strictlly defined arrangement of integrated
electrodes in the mobile device and by the special way
of recording. The reconstruction algorithm is based on
the assumption that diffused electrical activity of the heart
muscle can be approximated by a time-changing electri-
cal dipole (heart dipole) immersed in a low conducting
environment. Heart dipole is a vector defined by three

3 4



EP 1 659 936 B1

4

5

10

15

20

25

30

35

40

45

50

55

non-coplanar projections, so that it can be determined
on the basis of recording of electric potential in any three
points corresponding to three non-coplanar directions, i.
e. three ECG leads not laying on the same plane. Once
the heart vector is determined, it is easy to calculate the
electric potentials in any point, meaning the 12 standard
ECG leads as well. The calculation of heart dipole is not
necessary; the direct connection between the recorded
special leads and standard ECG leads can be estab-
lished instead, so that standard ECG leads are obtained
as linear combinations of the recorded special leads and
coefficients by which the transformation matrix is defined.
However, direct application of this approach with no de-
tailed analysis of the error sources and their reduction
gives rather poor reconstruction results. The analysis has
shown that there are two dominant error sources that
should be taken into consideration.

a) Model errors

[0009] The system of reconstruction of the standard
ECG leads on thebasis of recording of three special leads
is based on the dipole representation of heart electrical
activity. However, the heart dipole is only the first term
in the multipole expansion of diffused heart electrical ac-
tivity and this approximation is valid only for recording
points at the sufficient distance from the heart. In the
points near the heart, the potential is significantly affected
by the non-dipole content created due to the presence
of higher order terms in multipole expansion.

b) Transformation matrix calculation errors

[0010] Practical calculation of transformation matrix T
is done by the simultaneous recording of 12 standard
ECG leads V(D1, D2, D3, aVR, aVL, aVF, V1, V2, V3, V4,
V5, V6) and three special leads Vs(Vs1,Vs2,Vs3), followed
by numerical solving of the equation V = T · Vs by the
least-squares method. The errors in recording the elec-
tric potentials introduce the errors in the calculation of
transformation matrix coefficients. The analysis has
shown that the errors would be minimized if the vectors
of special leads recording points were orthogonal.
[0011] Finally, having in mind the model errors (a) and
the transformation matrix calculation errors (b), two re-
quirements are imposed concerning the arrangement of
the integrated electrodes for special leads recording, in
order to minimize the total error. The first one is to position
the electrodes of the special leads as far as possible from
the heart; the second one is to arrange the electrodes in
such a way that the vectors of recording points’ positions
are close to orthogonal as much as possible. Both said
conditions cannot be fulfilled simultaneously when re-
cording of the special leads should be performed with
the mobile ECG device with integrated electrodes, i.e.
without cables. The solution we offer presents the optimal
configuration fulfilling the said requirements to the fur-
thest extent within the limitations imposed by the use of

the mobile ECG device with integrated electrodes. The
mobile ECG device is designed in such a way that two
integrated electrodes could be touched with the fingers
of the left and right hand, while two electrodes are simul-
taneously in contact with the patient’s chest. The patient’s
hands are used as flexible elements for moving two re-
cording points away from the heart (as the source of the
electrical activity), using the electrode in contact with a
finger of the right hand as the reference point for the
recording of all three special leads. The electrodes in
electrical contact with the patient’s chest are set in the
precisely defined position within the limited area on the
patient’s chest. By arranging the electrodes positions in
this way, and choosing the reference point, the optimal
minimization of the model errors (a) and transformation
matrix calculation errors (b) has been achieved.
[0012] An additional problem in signal recording of
special as well as of standard ECG leads is the effect of
the base line wandering of the recorded signals. The
problem occurs during the recording of ECG signals with
all kinds of ECG devices, but is more prominent with mo-
bile ECG devices due to the more difficult recording con-
ditions, especially with the devices intended for patient’s
recording of his own ECG. When systems which obtain
standard ECG leads by the reconstruction of recorded
special leads are concerned, the elimination of the base
line wandering problem during recording of special leads
is extremely important for the proper functioning of the
system. This invention establishes the control of the base
line wandering during recording of special leads with a
mobile ECG device with integrated electrodes by the
means of digital control module which controls and man-
ages the process of recording automatically. From the
moment of putting the device into the recording position
untill the moment when the base line of a signal fits into
the previously specified range, a characteristic sound
signal is being emitted. During the next period defined
by the signal relaxation time, another characteristic
sound signal is being emitted, informing a patient that
the recording will start soon. The recording itself is indi-
cated by the third characteristic sound signal. If the sig-
nificant base line wandering occurs in any phase of the
procedure, the procedure will be repeated from the be-
ginning. Doing so, the patient is enabled to send the high-
quality recording of special leads, which makes possible
the accurate reconstruction of standard ECG leads.
[0013] The arrangement of integrated electrodes de-
scribed above, their positioning, the way of recording,
and described system for eliminating the base line wan-
dering of recorded signals minimize the errors in the re-
construction of standard ECG leads, making the accura-
cy of recording similar to the standard ECG devices.
Thus, the simplicity in use of the device with integrated
electrodes is combined with high precision of the devices
using cables for recording.
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Brief description of the drawings

[0014]

Fig. 1 - Schematic representation of the device for
cordless recording, telecommunication transmis-
sion, and processing of three special ECG leads
Fig. 2 - Schematic representation of the arrange-
ments of the integrated electrodes on the mobile
ECG device
Fig. 3 - Positioning of a mobile ECG device onto the
patient’s chest and the recording procedure
Fig. 4 - Isometric view of a mobile ECG device with
integrated electrodes
Fig. 5 - Block diagram of the electric scheme of the
mobile ECG device
Fig. 6 - Schematic representation of the positioning
of a mobile ECG device, i. e. of its electrodes, onto
the patient’s chest.

Detailed description of invention

[0015] Fig. 1 shows the scheme of a device for record-
ing three special ECG leads with the mobile ECG device
1 and their transmission to the diagnostic-calibration
center 2 where, on the basis of the received special leads,
computational reconstruction of standard ECG leads is
performed. In order to realize the said reconstruction, it
is necessary to determine corresponding reconstruction
parameters for each patient by previous calibration. Re-
cording of three special leads in urgent situation is per-
formed by the patient 3 with the mobile device 1. The
patient sends the memorized data into the diagnostic-
calibration center 2 by means of a cellular telephone 4
that is connected to the mobile device I with the commu-
nication cable 5. There are sound and light indicators
that help the patient to monitor the process of recording
and sending the data. The diagnostic-calibration center
2 is equipped with a PC computer 6 containing the suit-
able software, connected to the receiving cellular tele-
phone 7 and the calibration ECG device 8 with 14 elec-
trodes. Ten electrodes are grouped into the standard 12-
lead ECG cable, while the remaining four are used for
recording of three special ECG leads and are grouped
into the separate box 9 with integrated electrodes ar-
ranged in the exactly same way as the electrodes in the
mobile device 1. In the present embodiment, the data
transmission via cellular telephones 4 and 7 is shown,
but the method itself will not be changed if the data trans-
mission is performed by fixed telephone line with the help
of a modem or if cordless communication is used instead
of the cable 5 for communication between the mobile
device 1 and the cellular telephone 4.
[0016] During the calibration procedure, the first step
comprises simultaneous recording of 12 standard and
three special ECG leads with the calibration device, and
in the second step, the reconstruction parameters are
determined by the corresponding software on the PC

computer 6. The software for calculation of parameters
is based on the application of the least-squares deviation
method. The reconstruction parameters are organized
as a transformation matrix and they define a linear trans-
formation between standard and special ECG leads.
Transformation matrix for each patient is calculated sep-
arately and stored into a database in memory of the PC
computer 6. Later, with the help of the software on the
PC computer 6, this matrix is used for reconstruction of
12 standard ECG leads on the basis of threespecial leads
recorded by the patient himself in the urgent situation
and sent to the diagnostic-calibration center 2 via the
cellular telephone 4. The software on the PC computer
6 enables the display of the reconstructed ECG leads on
the computer monitor and/or a printer. In order to make
this procedure accurate, it is necessary that the elec-
trodes on the box 9 connected to the calibration device
8 are arranged identically as the electrodes in the mobile
device 1. It is also necessary that the positions of the
electrodes on the patient’s body during the calibration
are identical to the positions of the electrodes during the
recording using the mobile device in urgent situation.
[0017] The scheme of the arrangement of integrated
electrodes in the mobile ECG device I is given in Fig. 2.
There are five integrated electrodes, two of which are
located on the front side of the device (electrodes A and
B), and three are on the back side of the device (elec-
trodes C, D, and E). The push-button 10 on the front side
of the device is used for activation of the recording and
the process of sending the data.
[0018] The positioning of the mobile ECG device 1 onto
the chest of the patient 3 and the recording procedure
are shown in Fig. 3. The device is positioned vertically
onto the patient’s chest so that the electrodes C, D, and
E touch the patient’s chest simultaneously. During re-
cording, the device is held with a right hand finger on the
electrode A, and a left hand finger on the electrode B.
[0019] Block diagram of the electric scheme of the mo-
bile ECG device 1 and the connection scheme of record-
ing electrodes at the amplifier input points are given in
Fig. 4. The electrical part of the device consists of the
amplifier module 11 and the digital control module 12.
The amplifier module 11 contains three amplifiers (111,
112, and 113) for amplifying the signals of three special
leads. The electrode A, in electrical contact with the right
hand, is connected in such a way that it represents the
common reference point for all three amplifiers, i. e. re-
cording leads. The electrodes B, C, and D are connected
to the active recording points of the amplifiers 111, 112,
and 113. The electrode E is connected to the common
ground of all three amplifiers. Thus, the electrode A rep-
resents the reference (passive) point for recording the
potentials of the remaining electrodes B, C, and D.
[0020] For the proper functioning of the method, it is
necessary that the positions of the special leads record-
ing points on the patient’s body are the same in the cal-
ibration process and during the recording on the basis of
which the reconstruction is performed. In accordance
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with this, it is necessary that the arrangement of elec-
trodes on the mobile device 1, given in Fig. 2, be the
same as the arrangement of electrodes on the box 9 of
the calibration device. Also, it is necessary that the re-
cording procedure shown in Fig. 3 be performed in the
same way while using the mobile device 1 and while using
the calibration device 8, that is, while positioning the re-
cording electrodes of the box 9. Beside the basic arrange-
ment (A - right hand, B - left hand, C, D, E - chest), it is
important that, for the same patient, the position on the
chest during the calibration is kept as close as possible
to the position during recording with the mobile device in
order to minimize the reconstruction errors caused by
the change of the electrode positions.
[0021] The arrangement of the electrodes A and B on
the front side of the device can be arbitrary, while it is
necessary that they be used as presented in Fig. 3 (A -
right hand, B - left hand). The position of the electrode E
(common ground) can be arbitrary or its use can be avoid-
ed if the electric scheme is solved in a different way. In
the case of the box 9, the common ground of the remain-
ing amplifiers of the calibration device, which is conven-
tionally positioned on the patient’s right leg, can be used
instead of the electrode E.
[0022] The position of the active electrodes (C and D),
providing the electrical contact with the patient’s chest,
is vital for the proper functioning of the whole system.
Illustration of the position of active electrodes is shown
in Fig. 5. Active electrodes C and D are positioned onto
the patient’s chest in the area between the left 13 and
the right 14 mamilar line (linea mamillaris). These elec-
trodes should lie on the direction that, with the direction
of the medial line (linea mediana anterior), makes the
angle θ ranging from 30˚ to 90˚ (Fig. 6). The position of
the electrode E, which represents the common ground,
can be arbitrary, but it is convenient to choose it in such
a way that it provides the mechanical stability of the mo-
bile ECG device while in recording position, held against
the patient’s chest.
[0023] The operating of the amplifier module 11 of the
mobile device I is controlled and managed with the digital
control module 12. From the moment of putting the mo-
bile device 1 in the recording position, the control module
12 checks the signal level at the output of the amplifiers
111, 112, and 113. As long as the signal level is out of
the specified operating range of 6 2.5mV, the charac-
teristic sound signal, which the patient can easily mem-
orize, is being emitted. From the moment when the signal
level fits into the said operating range, another charac-
teristic sound signal is being emitted for the following five
seconds. This signal informs the patient that the record-
ing will start soon. This recording delay period (five sec-
onds) is approximately determined by the time constant
of the amplified signal stabilization and depends on the
frequency response of the amplifier. The third character-
istic sound signal indicates the recording process itself.
If in any phase of the procedure described above the
base line wandering occurs, the digital control module

12 detects the event and the whole procedure is repeated
from the beginning. The procedure of controlling the re-
cording process enables the patient to perform a high-
quality recording of special leads, thus enabling the ac-
curate reconstruction of standard ECG leads.
[0024] The change of the operating range of the am-
plifier and the recording delay time does not effect the
invention itself.
[0025] The way of recording described above, elec-
trode arrangement and their positioning, and control pro-
cedure of recording provide the conditions for highly ac-
curate reconstruction of standard 12 ECG leads. Thus,
the invention combines the simplicity in use of a device
with integrated electrodes with high precision of the de-
vices using cables for recording.
[0026] The experts in this field are familiar with the fact
that small modifications of the block-scheme and proce-
dure can be performed without exceeding the scope of
the invention.

Claims

1. A handheld device adapted for placement against
the body of a patient in a measurement position to
thereby extract special ECG signals for combining
with a predetermined calibration matrix in order to
construct an ECG, the handheld device comprising:

at least three integrated active electrodes, in-
cluding first and second integrated active elec-
trodes adapted to electrically contact the chest
of the patient in the measurement position, and
a third integrated active electrode adapted to
electrically contact the left hand of the patient in
the measurement position; and
an integrated reference electrode adapted to
electrically contact the right hand of the patient
in the measurement position.

2. The device of Claim 1, wherein the first and second
integrated active electrodes are arranged such that
in the measurement position they are disposed on
the patient between the right and left mamilar lines
(linea mamillaris) and lie in a line transverse to the
medial line (linea mediana anterior) at an angle rang-
ing from about 30˚ to about 90˚.

3. The device of Claim 1, wherein the first and second
integrated active electrodes are disposed on a first
side of the handheld device and the third integrated
active electrode is disposed on a side of the hand-
held device different from the first side.

4. The device of Claim 1, wherein the first and second
integrated active electrodes are disposed on a first
side of the handheld device and the integrated ref-
erence electrode is disposed on a side of the hand-
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held device different from the first side.

5. The device of Claim 1, further comprising an inte-
grated ground electrode arranged such that in the
measurement position, the integrated ground elec-
trode is in electrical contact with the chest of the pa-
tient.

6. The device of Claim 5, wherein the first and second
integrated active electrodes and the integrated
ground electrode are all disposed on a first side of
the handheld device.

7. The device of Claim 5, further comprising an ampli-
fier module including first, second and third amplifi-
ers each having associated therewith a first input
node adapted for connection to the first, second and
third integrated active electrodes, respectively, a ref-
erence node adapted for connection to the integrat-
ed reference electrode, and a ground node adapted
for connection to the integrated ground electrode.

8. The device of Claim 7, further comprising a control
module adapted to receive the outputs of first, sec-
ond and third amplifiers of the amplifier module and
to indicate whether said outputs are within or outside
a predetermined range.

9. The device of Claim 8, wherein the control module
provides an indication of ECG recording status.

10. The device of Claim 1, wherein the ECG is a standard
12-lead ECG.

11. A diagnostic system for constructing an ECG of a
patient, the system comprising:

a field unit including a handheld device accord-
ing to Claim 1; and
a diagnostic center in communication with the
field unit, the diagnostic center configured to re-
ceive signals derived from the three integrated
active electrodes and construct therefrom, and
from said predetermined calibration matrix, an
ECG of the patient.

12. The system of Claim 11, wherein the first and second
integrated active electrodes are arranged such that
in the measurement position they are disposed on
the patient between the right and left mamilar lines
(linea mamillaris) and lie in a line transverse to the
medial line (linea mediana anterior) at an angle rang-
ing from about 30˚ to about 90˚.

13. The system of Claim 11, wherein the first and second
integrated active electrodes are disposed on a first
side of the handheld device and the third integrated
active electrode is disposed on a side of the hand-

held device different from the first side.

14. The system of Claim 11, wherein the first and second
integrated active electrodes are disposed on a first
side of the handheld device and the integrated ref-
erence electrode is disposed on a side of the hand-
held device different from the first side.

15. The system of Claim 11, further comprising an inte-
grated ground electrode arranged such that in the
measurement position, the integrated ground elec-
trode is in electrical contact with the chest of the pa-
tient.

16. The system of Claim 15, wherein the first and second
integrated active electrodes and the integrated
ground electrode are all disposed on a first side of
the handheld device.

17. The system of Claim 15, further comprising an am-
plifier module including first, second and third ampli-
fiers each having associated therewith a first input
node adapted for connection to the first, second and
third integrated active electrodes, respectively, a ref-
erence node adapted for connection to the integrat-
ed reference electrode, and a ground node adapted
for connection to the integrated ground electrode.

18. The system of Claim 17, further comprising a control
module adapted to receive the outputs of first, sec-
ond and third amplifiers of the amplifier module and
to indicate whether said outputs are within or outside
a predetermined range.

19. The system of Claim 18, wherein the control module
provides an indication of ECG recording status.

20. The system of Claim 11, wherein the field unit in-
cludes a communication module adapted to commu-
nicate with the diagnostic center.

21. The system of Claim 20, wherein the communication
module is a cellular device.

22. The system of Claim 20, wherein the communication
module is a modem.

23. The system of Claim 11, wherein the ECG is a stand-
ard 12-lead ECG.

24. A method for constructing a patient ECG, the method
comprising:

placing against the body of the patient in a meas-
urement position a handheld device according
to Claim 1;
extracting from the first and second integrated
active electrodes, respectively, first and second
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electrical signals derived from the chest of the
patient;
extracting from the third integrated active elec-
trode a third electrical signal derived from the
left hand of the patient;
extracting from the integrated reference elec-
trode a reference signal derived from the right
hand of the patient;
communicating signals corresponding to the ex-
tracted signals to a diagnostic center; and
combining, at the diagnostic center, the commu-
nicated signals with a predetermined calibration
matrix to construct an ECG of the patient.

25. The method of Claim 24, wherein, in the measure-
ment position, the first and second integrated active
electrodes are disposed on the chest between the
right and left mamilar lines (linea mamillaris) and lie
in a line transverse to the medial line (linea mediana
anterior) at an angle ranging from about 30˚ to about
90˚.

26. The method of Claim 24, wherein, in the measure-
ment position, both arms of the patient are folded
such that at least portions of the right and left hands
of the patient establish electrical contact with the mo-
bile device placed against the chest of the patient.

27. The method of Claim 24, wherein the first and second
integrated active electrodes are disposed on a first
side of the handheld device and the third integrated
active electrode is disposed on a side of the hand-
held device different from the first side.

28. The method of Claim 24, wherein the first and second
integrated active electrodes are disposed on a first
side of the handheld device and the integrated ref-
erence electrode is disposed on a side of the hand-
held device different from the first side.

29. The method of Claim 24, further comprising provid-
ing an indication of whether the first, second and
third electrical signals are within or outside a prede-
termined range.

30. The method of Claim 24, further comprising provid-
ing an indication of ECG recording status.

31. The method of Claim 24, wherein the ECG is a stand-
ard 12-lead ECG.

32. The method of Claim 24, wherein the predetermined
calibration matrix is acquired using a calibration de-
vice having an electrode arrangement and amplifiers
nodes arrangement which is substantially identical
to that of the mobile device.

33. The method of Claim 24, wherein the predetermined

calibration matrix is acquired using a calibration de-
vice in the same position on the patient’s body and
in substantially identical manner as the mobile de-
vice.

Patentansprüche

1. In der Hand haltbare Vorrichtung zur Anordnung am
Körper eines Patienten in einer Messposition, um
dabei spezielle EKG-Signale zur Kombination mit ei-
ner vorbestimmten Kalibrationsmatrix zu extrahie-
ren, um ein EKG zu bilden, wobei die in der Hand
haltbare Vorrichtung wenigstens drei integrierte ak-
tive Elektroden, von denen erste und zweite inte-
grierte aktive Elektroden angepasst sind, um die
Brust des Patienten in der Messposition elektrisch
zu kontaktieren, und eine dritte aktive Elektrode an-
gepasst ist, um die linke Hand des Patienten in der
Messposition elektrisch zu kontaktieren, und eine in-
tegrierte Referenzelektrode aufweist, die angepasst
ist, um die rechte Hand des Patienten in der Mes-
sposition elektrisch zu kontaktieren.

2. Vorrichtung nach Anspruch 1,
wobei die ersten und zweiten integrierten aktiven
Elektroden derart angeordnet sind, dass sie in der
Messposition auf dem Patienten zwischen den rech-
ten und linken Mamillar-Linien (linea mamillaris) an-
geordnet sind und in einer Linie quer zur Mediallinie
(linea mediana anterior) in einem Winkel zwischen
etwa 30˚ bis 90˚ liegen.

3. Vorrichtung nach Anspruch 1,
wobei die ersten und zweiten integrierten aktiven
Elektroden auf einer ersten Seite der in der Hand
haltbaren Vorrichtung und die dritte integrierte aktive
Elektrode auf einer von der ersten Seite verschiede-
nen Seite der in der Hand haltbaren Vorrichtung an-
geordnet sind.

4. Vorrichtung nach Anspruch 1,
wobei die ersten und zweiten integrierten aktiven
Elektroden auf einer ersten Seite der in der Hand
haltbaren Vorrichtung und die integrierte Referenz-
elektrode auf einer von der ersten Seite verschiede-
nen Seite der in der Hand haltbaren Vorrichtung an-
geordnet sind.

5. Vorrichtung nach Anspruch 1,
welche zusätzlich eine integrierte Masseelektrode
aufweist, die derart angeordnet ist, dass die inte-
grierte Masseelektrode in der Messposition in elek-
trischen Kontakt mit der Brust des Patienten ist.

6. Vorrichtung nach Anspruch 5,
wobei die ersten und zweiten integrierten aktiven
Elektroden und die integrierte Masseelektrode alle
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auf einer ersten Seite der in der Hand haltbaren Vor-
richtung angeordnet sind.

7. Vorrichtung nach Anspruch 5,
welche zusätzlich ein Verstärkermodul aufweist, das
erste, zweite und dritte Verstärker einschließt, die
jeweils mit einem ersten Eingangsknoten, welcher
angepasst ist für eine jeweilige Verbindung mit den
ersten, zweiten und dritten integrierten aktiven Elek-
troden, einem Referenzknoten, der angepasst ist für
eine Verbindung mit der integrierten Referenzelek-
trode und einen Masseknoten verbunden sind, der
angepasst ist für eine Verbindung mit der integrier-
ten Masseelektrode.

8. Vorrichtung nach Anspruch 7,
welche zusätzlich ein Steuermodul aufweist, wel-
ches angepasst ist, um die Ausgangssignale der er-
sten, zweiten und dritten Verstärker des Verstärker-
moduls zu empfangen und anzuzeigen, ob die Aus-
gangssignale innerhalb oder außerhalb eines vor-
bestimmten Bereiches liegen.

9. Vorrichtung nach Anspruch 8,
wobei das Steuermodul eine Anzeige des EKG-Auf-
nahmestatus bereitstellt.

10. Vorrichtung nach Anspruch 1,
wobei das EKG ein Standard-12-Kanal-EKG ist.

11. Diagnosesystem zur Bildung eines EKG’s eines Pa-
tienten,
wobei das System eine Feldeinheit einschließlich ei-
ner in der Hand haltbaren Vorrichtung gemäß Pa-
tentanspruch 1 und ein Diagnose-Center in Kommu-
nikation mit der Feldeinheit aufweist, wobei das Dia-
gnose-Center konfiguriert ist, um die aus den drei
integrierten aktiven Elektroden abgeleiteten Signale
zu empfangen und daraus und aus der vorbestimm-
ten Kalibrationsmatrix ein EKG des Patienten zu bil-
den.

12. System nach Anspruch 11,
wobei die ersten und zweiten integrierten aktiven
Elektroden derart angeordnet sind, dass sie in der
Messposition auf dem Patienten zwischen den rech-
ten und linken Mamillar-Linien (linea mamillaris) an-
geordnet sind und in einer Linie quer zur Mediallinie
(linea mediana anterior) in einem Winkel zwischen
etwa 30˚ und 90˚ liegen.

13. System nach Anspruch 11,
wobei die ersten und zweiten integrierten aktiven
Elektroden auf einer ersten Seite der in der Hand
haltbaren Vorrichtung und die dritte integrierte aktive
Elektrode auf einer von der ersten Seite verschiede-
nen Seite der in der Hand haltbaren Vorrichtung an-
geordnet sind.

14. System nach Anspruch 11,
wobei die ersten und zweiten integrierten aktiven
Elektroden auf einer ersten Seite der in der Hand
haltbaren Vorrichtung und die integrierte Referenz-
elektrode auf einer von der ersten Seite verschiede-
nen Seite der in der Hand haltbaren Vorrichtung an-
geordnet sind.

15. System nach Anspruch 11,
welches zusätzlich eine integrierte Masseelektrode
aufweist, die derart angeordnet ist, dass die inte-
grierte Masseelektrode in der Messposition in elek-
trischen Kontakt mit der Brust des Patienten ist.

16. System nach Anspruch 15,
wobei die ersten und zweiten integrierten aktiven
Elektroden und die integrierte Masseelektrode alle
auf einer ersten Seite der in der Hand haltbaren Vor-
richtung angeordnet sind.

17. System nach Anspruch 15,
welches zusätzlich ein Verstärkermodul aufweist,
welches erste, zweite und dritte Verstärker ein-
schließt, die jeweils mit einem ersten Eingangskno-
ten zur jeweiligen Verbindung mit den ersten, zwei-
ten und dritten integrierten aktiven Elektroden mit
einem Referenzknoten zur Verbindung mit der inte-
grierten Referenzelektrode und mit einem Masse-
knoten zur Verbindung mit der integrierten Massee-
lektrode verbunden sind.

18. System nach Anspruch 17,
welches zusätzlich ein Steuermodul aufweist, wel-
ches angepasst ist, um die Ausgangssignale der er-
sten, zweiten und dritten Verstärker des Verstär-
kungsmoduls zu empfangen und um anzuzeigen, ob
die Ausgangssignale innerhalb oder außerhalb ei-
nes vorbestimmten Bereiches liegen.

19. System nach Anspruch 18,
wobei das Steuermodul eine Anzeige des EKG-Auf-
nahmestatus bereitstellt.

20. System nach Anspruch 11,
wobei die Feldeinheit ein Kommunikationsmodul
einschließt, das angepasst ist, um mit dem Diagno-
sezentrum zu kommunizieren.

21. System nach Anspruch 20,
wobei das Kommunikationsmodul eine zelluläre Ein-
richtung ist.

22. System nach Anspruch 20,
wobei das Kommunikationsmodul ein Modem ist.

23. System nach Anspruch 11,
wobei das EKG ein Standard-12-Kanal-EKG ist.
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24. Verfahren zur Bildung eines EKG’s eines Patienten,
wobei das Verfahren beinhaltet:

Anordnen einer in der Hand haltbaren Vorrich-
tung nach Patentanspruch 1, an dem Körper ei-
nes Patienten in einer Messposition;
Extrahieren von ersten und zweiten elektrischen
Signalen, die aus der Brust des Patienten ab-
geleitet sind, aus den ersten und zweiten inte-
grierten aktiven Elektroden;
Extrahieren eines dritten elektrischen Signals,
das aus der linken Hand des Patienten abgelei-
tet ist aus der dritten integrierten aktiven Elek-
trode; Extrahieren eines Referenzsignales, das
aus der rechten Hand des Patienten abgeleitet
ist, aus der integrierten Referenzelektrode;
Übermitteln der Signale entsprechend den ex-
trahierten Signalen zu einem Diagnosezentrum
und Kombinieren der kommunizierten Signale
in dem Diagnosezentrum mit einer vorbestimm-
ten Kalibrationsmatrix zur Bildung eines EKG’s
des Patienten.

25. Verfahren nach Anspruch 24,
wobei in der Messposition die ersten und zweiten
integrierten
aktiven Elektroden auf der Brust zwischen den rech-
ten und linken Mamillar-Linien (linea mamillaris) an-
geordnet werden und in einer Linie quer zur Medial-
linie (linea mediana anterior) in einem Winkel zwi-
schen etwa 30˚ und 90˚ liegen.

26. Verfahren nach Anspruch 24,
wobei in der Messposition beide Arme des Patienten
gefaltet werden, derart, dass wenigstens Bereiche
der rechten und linken Hände des Patienten einen
elektrischen Kontakt mit der mobilen Vorrichtung
herstellen, die auf der Brust des Patienten angeord-
net ist.

27. Verfahren nach Anspruch 24,
wobei die ersten und zweiten integrierten aktiven
Elektroden auf einer ersten Seite der in der Hand
haltbaren Vorrichtung und die dritte integrierte aktive
Elektrode auf einer von der ersten Seite verschiede-
nen Seite der in der Hand haltbaren Vorrichtung an-
geordnet werden.

28. Verfahren nach Anspruch 24,
wobei die ersten und zweiten integrierten aktiven
Elektroden auf einer ersten Seite der in der Hand
haltbaren Vorrichtung und die integrierte Referenz-
elektrode auf einer von der ersten Seite verschiede-
nen Seite der in der Hand haltbaren Vorrichtung an-
geordnet werden.

29. Verfahren nach Anspruch 24,
welches zusätzlich beinhaltet, eine Anzeige bereit-

zustellen, ob die ersten, zweiten und dritten elektri-
schen Signale innerhalb oder außerhalb eines vor-
bestimmten Bereiches liegen.

30. Verfahren nach Anspruch 24,
welches zusätzlich beinhaltet, eine Anzeige des
EKG-Aufnahmestatus bereitzustellen.

31. Verfahren nach Anspruch 24,
wobei das EKG ein Standard-12-Kanal-EKG ist.

32. Verfahren nach Anspruch 24,
wobei die vorbestimmte Kalibrationsmatrix ange-
passt ist, um eine Kalibrationsvorrichtung zu ver-
wenden, welche eine Elektrodenanordnung und ei-
ne Verstärkerknotenanordnung aufweist, die im We-
sentlichen identisch zu derjenigen der mobilen Vor-
richtung ist.

33. Verfahren nach Anspruch 24,
wobei die vorbestimmte Kalibrationsmatrix ange-
passt ist, um eine Kalibrationsvorrichtung in dersel-
ben Position auf dem Patientenkörper und im We-
sentlichen in derselben Art wie die mobile Vorrich-
tung zu verwenden.

Revendications

1. Dispositif portable adapté pour un placement contre
le corps d’un patient dans une position de mesure
pour extraire de ce fait des signaux d’ECG spéciaux,
pour une combinaison avec un tableau de calibration
prédéterminé de façon à construire un ECG, le dis-
positif portable comprenant :

au moins trois électrodes actives intégrées,
comprenant des première et deuxième électro-
des actives intégrées adaptées pour venir en
contact électrique avec la poitrine du patient
dans la position de mesure, et une troisième
électrode active intégrée adaptée pour venir en
contact électrique avec la main gauche du pa-
tient dans la position de mesure ; et
une électrode de référence intégrée adaptée
pour venir en contact électrique avec la main
droite du patient dans la position de mesure.

2. Dispositif selon la revendication 1, dans lequel les
première et deuxième électrodes actives intégrées
sont arrangées de telle sorte que, dans la position
de mesure, elles sont disposées sur le patient entre
les lignes mamillaires gauche et droite (linea mamil-
laris) et se trouvent sur une ligne transversalement
par rapport à la ligne médiane (ligne médiane anté-
rieure) à un angle allant de 30˚ environ à 90˚ environ.

3. Dispositif selon la revendication 1, dans lequel les
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première et deuxième électrodes actives intégrées
sont disposées sur un premier côté du dispositif por-
table, et la troisième électrode active intégrée est
disposée sur un côté du dispositif portable qui est
différent du premier côté.

4. Dispositif selon la revendication 1, dans lequel les
première et deuxième électrodes actives intégrées
sont disposées sur un premier côté du dispositif por-
table, et l’électrode de référence intégrée est dispo-
sée sur un côté du dispositif portable qui est différent
du premier côté.

5. Dispositif selon la revendication 1, comprenant en
outre une électrode de terre intégrée arrangée de
telle sorte que, dans la position de mesure, l’élec-
trode de terre intégrée est en contact électrique avec
la poitrine du patient.

6. Dispositif selon la revendication 5, dans lequel les
première et deuxième électrodes actives intégrées
et l’électrode de terre intégrée sont toutes disposées
sur un premier côté du dispositif portable.

7. Dispositif selon la revendication 5, comprenant en
outre un module d’amplification comprenant des pre-
mier, deuxième et troisième amplificateurs ayant
chacun, associés à eux, un premier noeud d’entrée
adapté pour la connexion avec les première, deuxiè-
me et troisième électrodes actives intégrées, res-
pectivement, un noeud de référence adapté pour la
connexion avec l’électrode de référence intégrée, et
un noeud de terre adapté pour la connexion avec
l’électrode de terre intégrée.

8. Dispositif selon la revendication 7, comprenant en
outre un module de commande adapté pour recevoir
les sorties des premier, deuxième et troisième am-
plificateurs du module d’amplification, et pour indi-
quer si lesdites sorties se situent à l’intérieur ou à
l’extérieur d’une plage prédéterminée.

9. Dispositif selon la revendication 8, dans lequel le
module de commande fournit une indication d’un
état d’enregistrement d’ECG.

10. Dispositif selon la revendication 1, dans lequel l’ap-
pareil pour ECG est un appareil pour ECG normal à
12 fils.

11. Système de diagnostic pour construire un ECG d’un
patient, le système comprenant :

une unité sur site comprenant un dispositif por-
table selon la revendication 1 ; et
un centre de diagnostic qui est en communica-
tion avec l’unité sur site, le centre de diagnostic
étant configuré pour recevoir des signaux déri-

vés à partir des trois électrodes actives inté-
grées et pour construire, à partir d’eux, et à partir
dudit tableau de calibration prédéterminé, un
ECG du patient.

12. Système selon la revendication 11, dans lequel les
première et deuxième électrodes actives intégrées
sont arrangées de telle sorte que, dans la position
de mesure, elles sont disposées sur le patient entre
les lignes mamillaires gauche et droite (linea mamil-
laris) et se trouvent sur une ligne transversalement
par rapport à la ligne médiane (ligne médiane anté-
rieure) à un angle allant de 30˚ environ à 90˚ environ.

13. Système selon la revendication 11, dans lequel les
première et deuxième électrodes actives intégrées
sont disposées sur un premier côté du dispositif por-
table, et la troisième électrode active intégrée est
disposée sur un côté du dispositif portable qui est
différent du premier côté.

14. Système selon la revendication 11, dans lequel les
première et deuxième électrodes actives intégrées
sont disposées sur un premier côté du dispositif por-
table, et l’électrode de référence intégrée est dispo-
sée sur un côté du dispositif portable qui est différent
du premier côté.

15. Système selon la revendication 11, comprenant en
outre une électrode de terre intégrée arrangée de
telle sorte que, dans la position de mesure, l’élec-
trode de terre intégrée est en contact électrique avec
la poitrine du patient.

16. Système selon la revendication 15, dans lequel les
première et deuxième électrodes actives intégrées
et l’électrode de terre intégrée sont toutes disposées
sur un premier côté du dispositif portable.

17. Système selon la revendication 15, comprenant en
outre un module d’amplification comprenant des pre-
mier, deuxième et troisième amplificateurs ayant
chacun, associés à eux, un premier noeud d’entrée
adapté pour la connexion avec les première, deuxiè-
me et troisième électrodes actives intégrées, res-
pectivement, un noeud de référence adapté pour la
connexion avec l’électrode de référence intégrée, et
un noeud de terre adapté pour la connexion avec
l’électrode de terre intégrée.

18. Système selon la revendication 17, comprenant en
outre un module de commande adapté pour recevoir
les sorties des premier, deuxième et troisième am-
plificateurs du module d’amplification, et pour indi-
quer si lesdites sorties se situent à l’intérieur ou à
l’extérieur d’une plage prédéterminée.

19. Système selon la revendication 18, dans lequel le
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module de commande fournit une indication d’un
état d’enregistrement d’ECG.

20. Système selon la revendication 11, dans lequel l’uni-
té sur site comprend un module de communication
adapté pour communiquer avec le centre de dia-
gnostic.

21. Système selon la revendication 20, dans lequel le
module de communication est un dispositif cellulaire.

22. Système selon la revendication 20, dans lequel le
module de communication est un modem.

23. Système selon la revendication 11, dans lequel l’ap-
pareil pour ECG est un appareil pour ECG normal à
12 fils.

24. Procédé de construction d’un ECG d’un patient, le
procédé comprenant les étapes consistant à :

placer contre le corps du patient, dans une po-
sition de mesure, un dispositif portable selon la
revendication 1 ;
extraire à partir des première et deuxième élec-
trodes actives intégrées, respectivement, des
premier et deuxième signaux électriques déri-
vés à partir de la poitrine du patient ;
extraire à partir de la troisième électrode active
intégrée un troisième signal électrique dérivé à
partir de la main gauche du patient ;
extraire à partir de l’électrode de référence in-
tégrée un signal de référence dérivé à partir de
la main droite du patient ;
envoyer des signaux correspondants aux si-
gnaux extraits vers un centre de diagnostic ; et
combiner, au niveau du centre de diagnostic,
les signaux communiqués, avec un tableau de
calibration prédéterminé, de façon à construire
un ECG du patient.

25. Procédé selon la revendication 24, dans lequel, dans
la position de mesure, les première et deuxième
électrodes actives intégrées sont disposées sur la
poitrine entre les lignes mamillaires gauche et droite
(linea mamillaris) et se trouvent sur une ligne trans-
versalement par rapport à la ligne médiane (ligne
médiane antérieure) à un angle allant de 30˚ environ
à 90˚ environ.

26. Procédé selon la revendication 24, dans lequel, dans
la position de mesure, les deux bras du patient sont
repliés de telle sorte que au moins des portions des
mains droite et gauche du patient établissent un con-
tact électrique avec le dispositif de communication
mobile placé contre la poitrine du patient.

27. Procédé selon la revendication 24, dans lequel les

première et deuxième électrodes actives intégrées
sont disposées sur un premier côté du dispositif por-
table, et la troisième électrode active intégrée est
disposée sur un côté du dispositif portable qui est
différent du premier côté.

28. Procédé selon la revendication 24, dans lequel les
première et deuxième électrodes actives intégrées
sont disposées sur un premier côté du dispositif por-
table, et l’électrode de référence intégrée est dispo-
sée sur un côté du dispositif portable qui est différent
du premier côté.

29. Procédé selon la revendication 24, comprenant en
outre l’étape consistant à fournir une indication du
fait que les premier, deuxième et troisième signaux
électriques se situent à l’intérieur ou à l’extérieur
d’une plage prédéterminée.

30. Procédé selon la revendication 24, comprenant en
outre l’étape consistant à fournir une indication d’un
état d’enregistrement d’ECG.

31. Procédé selon la revendication 24, dans lequel l’ap-
pareil pour ECG est un appareil pour ECG normal à
12 fils.

32. Procédé selon la revendication 24, dans lequel le
tableau de calibration prédéterminé est acquis en
utilisant un dispositif de calibration comprenant un
arrangement d’électrodes ainsi qu’un arrangement
de noeuds d’amplification qui est sensiblement iden-
tique à celui du dispositif mobile.

33. Procédé selon la revendication 24, dans lequel le
tableau de calibration prédéterminé est acquis en
utilisant un dispositif de calibration dans la même
position sur le corps d’un patient et d’une manière
sensiblement identique à celle du dispositif mobile.
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ECG设备（8）。十个电极被分组为标准的12通道ECG电缆，而其余四
个用于记录三个特殊的ECG导联，并被分组到一个单独的盒子（9）中，
集成电极的排列方式与移动设备上的集成电极相同（ 1）。
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