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(57) ABSTRACT

An ECG controller for an ECG device is connectable to a
base ECG lead system (e.g., a 12-lead system) whereby the
ECG controller implements an ECG waveform morphology
based and ECG lead redundancy based detection and clas-
sification of any cable interchange (e.g., a limb cable inter-
change or a precordial cable interchange) between the ECG
controller and the base ECG lead system. Alternatively, the
ECG controller is further connectable to a sub-base ECG
lead system (e.g., a limb only-lead system or a limited
precordial-lead system) whereby the ECG controller imple-
ments an ECG waveform morphology based detection and
classification of any cable interchange (e.g., a limb cable
interchange or a precordial cable interchange) between the
electrode interface and the sub-base ECG lead system.
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AUTOMATIC
DETECTION/CLASSIFICATION OF ECG
CABLE INTERCHANGE FOR DIFFERENT
ECG LEAD SYSTEMS

FIELD OF THE INVENTION

[0001] The present invention generally relates to an auto-
matic detection of misconnections of electrocardiograph
lead-wires to the electrodes fastened to the patient’s body
(i.e., cable interchange). The present invention specifically
relates to a comprehensive automatic detection and classi-
fication of electrocardiograph cable interchange for different
ECG lead systems.

BACKGROUND OF THE INVENTION

[0002] Generally, accurate placement of electrocardio-
gram (“ECG”) electrodes is vital for both a standard lead
system (e.g., a conventional 12-lead system) and a non-
standard lead system (e.g., a Mason-Likar reduced lead
system). Sometimes the ECG electrodes are placed on the
correct anatomical locations, but one or more electrode
lead-wires are erroneously connecting ECG electrode(s) to
wrong terminal(s) at an ECG device (e.g., a right arm
electrode is mistakenly connected to the left arm lead-wire
of the ECG device). An erroneous connection of ECG device
lead-wire to the wrong patient electrode is known as “cable
interchange” in the art, and a cable interchange typically
generates an erroneous waveform during any ECG recon-
struction and/or an erroneous diagnosis during an ECG
analysis.

[0003] More particularly, forty (40) million ECGs are
recorded annually in the United States. The standard 12-lead
ECG is obtained using ten (10) electrodes, including four (4)
limb electrodes and six (6) precordial electrodes. The four
(4) limb electrodes include right arm (RA), left arm (LA),
right leg (RL) and left leg (LL), while the six (6) precordial
electrodes (V1-V6) are placed on anatomically referenced
landmarks on the anterior chest. Electrode placement is
considered one of the most important factors that determine
ECG signal quality, and electrode misplacement tend to
produce incorrect ECG abnormalities and thus generate
erroneous diagnostic reports. ECG cable interchange is one
of the most common electrode placement errors. Conse-
quently, the American Heart Association recommends
including cable interchange detection algorithms in all ECG
devices.

[0004] To this end, researchers have proposed several
criteria and methods to detect ECG cable interchange. In
terms of automatic detection algorithms, most methods fall
into one of two (2) categories. The first category of auto-
matic detection algorithms involves morphology-based
methods which extract a set of measurements from P, QRS,
and T-waves and use these measurements to derive detection
criteria. The second category of automatic detection algo-
rithms implements redundancy-based methods which use
redundant information contained in the eight (8) indepen-
dent leads of a standard 12-lead system. Such methods use
the transformation or reconstruction of ECGs from the
original lead system to an approximation, and cable inter-
change is detected by comparing the original ECGs with
transformed or reconstructed ECGs.

[0005] More particularly, existing methods for detecting
ECG cable interchange were designed for resting diagnostic
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BCG devices which use standard 12-lead system with limb
electrodes placed at standard positions. However, for a wide
range of ECG devices, other non-standard lead systems are
often used. For example, in monitoring or exercise ECG
devices, the Mason-Likar lead system is often used. In the
Mason-Likar lead system, modified limb electrode positions
are often used whereby the arm electrodes are placed at the
infraclavicular fossae and the LL electrode is placed on the
left lower abdomen. As another example, in telemetry ECG
devices, reduced-lead systems (e.g., lead system recording
limb lead only or limb lead plus limited precordial leads) are
often used.

[0006] As with the standard 12-lead system, a detection of
ECG cable interchange is necessary for ECG devices with
non-standard lead systems. For example, in the monitoring/
exercise ECG device, the accurate placement of ECG elec-
trode is important during ST-segment monitoring. As such,
detection of an ECG cable interchange could help prevent
false alarms during ST-segment monitoring. While some
ST-segment deviation is normal, the amount and polarity
depends on the electrode position. In that way, the same
magnitude and polarity of ST deviation may be normal in
one combination of electrodes, but abnormal in another set
of electrodes. Additionally, in the reduced-lead systems, a
12-lead ECG may be reconstructed from the reduced-lead
recordings and a misconnection of lead-wires could generate
erroneous 12-lead waveforms.

SUMMARY OF THE INVENTION

[0007] The present invention aims to address the above-
mentioned limitations of existing methods for detecting
ECG cable interchange by providing a comprehensive detec-
tion of ECG cable interchange for different ECG lead
systems.
[0008] Generally, the present invention is premised on an
ECG controller for an ECG device by coupling, integration
or otherwise any structural relationship between the ECG
controller and the ECG device that facilitates the ECG
controller communicating a message to or from the ECG
device indicating an absence or a presence of a cable
interchange between the ECG controller and an ECG lead
system.
[0009] For purposes of the present invention, the term
“ECG device” broadly encompasses all stand-alone devices
and multi-function systems incorporated devices for gener-
ating and displaying (i.e., monitoring) an ECG of a patient’s
heart including, but not limited to:

[0010] 1. diagnostic ECG devices (e.g., PageWriter TC

cardiographs, Efficia series of cardiograph);
[0011] 2. exercise ECG devices (e.g., ST80i stress test-
ing system);

[0012] 3. ambulatory ECG devices (Holter monitor);

[0013] 4. bed-side monitoring ECG device (e.g., Intel-
liVue monitors, SureSigns monitors, and Goldway
monitors);

[0014] 5. telemetry ECG device (e.g., IntelliVue MX40
monitor);

[0015] 6. and advanced life support products (e.g.,

HeartStart MRx and HeartStart XL defibrillators, and
Efficia DFM100 defibrillator/monitor);
[0016] 7. ECG management system (e.g., IntelliSpace
ECG management system).
[0017] The ECG controller may be connected to a base
ECG lead system (e.g., a standard 12-lead system, a 15-lead
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system, a 16-lead system or a 18-lead system) whereby the
ECG controller collectively implements an ECG waveform
morphology based/ECG lead redundancy based detection
and classification of any cable interchange between the ECG
controller and the base ECG lead system.

[0018] Alternatively, the ECG controller may be con-
nected to a sub-base lead system (e.g., a four (4) electrode
lead wire system and a six (6) electrode lead wire system)
whereby the ECG controller implements an ECG waveform
morphology based detection and classification of any cable
interchange between the ECG controller and the sub-base
ECG lead system.

[0019] For purposes of the present invention, the term
“base ECG lead system” broadly encompasses electrodes
and cable lead-wires of an ECG lead system established for
connection of electrodes on the patient’s skin to the ECG
device (electrocardiograph) lead-wires. The term “sub-base
ECG lead system” broadly encompasses a subset of elec-
trodes and cable lead-wires of a base ECG lead system.
[0020] For purposes of the present invention, the term
“ECG controller” broadly encompasses all structural con-
figurations of an application specific main board or an
application specific integrated circuit housed within or
linked to an ECG device for controlling an application of
various inventive principles of the present invention as
subsequently described herein. The structural configuration
of the ECG controller may include, but is not limited to,
processor(s), computer-usable/computer readable storage
medium(s), an operating system, application module(s),
peripheral device ECG controller(s), slot(s) and port(s).
[0021] For purposes of the present invention, the term
“application module” broadly encompasses a component of
the ECG controller consisting of an electronic circuit and/or
an executable program (e.g., executable software and/firm-
ware) for executing a specific application.

[0022] One form of the present invention is the ECG
controller employing application modules in the form of an
electrode interface, an ECG interpreter and a cable inter-
change classifier.

[0023] In operation, the electrode interface is in connec-
tion with either the base ECG lead system or the sub-base
ECG lead system to receive ECG signals.

[0024] The ECG interpreter:

[0025] (1) generates an ECG waveform responsive to
the ECG signals; and

[0026] (2) extracts morphology feature(s) of the ECG
waveform responsive to a connection of the base ECG
lead system or the sub-base ECG lead system to the
electrode interface.

[0027] The cable interchange classifier:

[0028] (1) detects and classifies any cable interchange
between the electrode interface and the sub-base ECG
lead system responsive to the connection of the sub-
base ECG lead system to the electrode interface and
further responsive to an extraction by the ECG inter-
preter of the morphology feature(s) of the ECG wave-
form;

[0029] (2) generates redundancy feature(s) of the base
ECG lead system responsive to the connection of the
base ECG lead system to the electrode interface; and

[0030] (3) detects and classifies any cable interchange
between the electrode interface and the base ECG lead
system responsive to an extraction by the ECG inter-
preter of the morphology feature(s) of the ECG wave-
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form and further responsive to a generation by the cable

interchange classifier of the redundancy feature(s) of

the base ECG lead system.
[0031] For purposes of the present invention, terms of the
art including, but not limited to, “ECG signals”, “ECG
waveform”, “cable interchange”. “morphology” and “redun-
dancy”, are to be interpreted as understood in the art of the
present invention and as exemplary described herein.
[0032] The foregoing form and other forms of the present
invention as well as various features and advantages of the
present invention will become further apparent from the
following detailed description of various embodiments of
the present invention read in conjunction with the accom-
panying drawings. The detailed description and drawings
are merely illustrative of the present invention rather than
limiting, the scope of the present invention being defined by
the appended claims and equivalents thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] FIGS. 1A-1C illustrate block diagrams of exem-
plary embodiments of an ECG lead system/ECG controller
connection in accordance with the inventive principles of the
present invention.

[0034] FIG. 2 illustrates a flowchart representative of an
exemplary embodiment of a cable interchange management
method in accordance with the inventive principles of the
present invention.

[0035] FIG. 3 illustrates a flowchart representative of an
exemplary embodiment of a cable interchange detection/
classification method in accordance with the inventive prin-
ciples of the present invention.

[0036] FIG. 4 illustrates a flowchart representative of a
first exemplary embodiment of a morphology based detec-
tion/classification method in accordance with the inventive
principles of the present invention.

[0037] FIG. 5 illustrates a graphical diagram of a first
exemplary embodiment of a decision tree in accordance with
the inventive principles of the present invention.

[0038] FIG. 6 illustrates a flowchart representative of a
second exemplary embodiment of a morphology based
detection/classification method in accordance with the
inventive principles of the present invention.

[0039] FIG. 7 illustrates a graphical diagram of a second
exemplary embodiment of a decision tree in accordance with
the inventive principles of the present invention.

[0040] FIGS. 8 and 9 illustrate flowcharts representative
of an exemplary embodiment of a morphology/redundancy
based detection/classification method in accordance with the
inventive principles of the present invention.

[0041] FIG. 10 illustrates a block diagram of an exemplary
embodiment of an ECG controller in accordance with the
inventive principles of the present invention.

[0042] FIGS. 11A and 11B illustrate block diagrams of
exemplary embodiments of an ECG controller/ECG device
structural relationship in accordance with the inventive
principles of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0043] To facilitate an understanding of the present inven-
tion, the following description of FIGS. 1A-1C and FIG. 2
teaches basic inventive principles of a cable interchange
method implemented by an ECG controller 30 connectable
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to a limb only-lead system 20 of FIG. 1A, a limited
precordial-lead system 21 of FIG. 1B or a standard 12-lead
system 22 of FIG. 1C. From this description, those having
ordinary skill in the art will appreciate how to apply the
inventive principles of the present invention for an ECG
controller connectable to every type of ECG lead systems.

[0044] Generally, the present invention addresses any mis-
connection between an ECG electrode and a corresponding
lead-wire within an ECG lead system as connected to a
terminal of ECG controller 30, and any misconnection
between a correct pairing of an ECG electrode/lead-wire and
a corresponding terminal of ECG controller 30. Thus, the
description herein of FIGS. 1A-1C are directed to both types
of misconnections as encompassed by the phrasing of “a
cable interchange between a terminal configuration of the
ECG controller and one the ECG lead systems™.

[0045] Referring to FIGS. 1A-1C, ECG controller 30
employs an electrode interface 40, an ECG interpreter 50
and a cable interchange classifier 60. Flectrode interface 40
has a terminal configuration 41 for connection to either limb
only-lead system 20, limited precordial-lead system 21 or
standard 12-lead system 22 in accordance with the following
Table 1:

TABLE 1

COLUMN 1 COLUMN 2
ROW 1 RA electrode LA electrode
ROW 2 LL electrode RL electrode
ROW 3 V1 electrode V2 electrode
ROW 4 V3 electrode V4 electrode
ROW 5 V5 electrode V6 electrode

[0046] Referring to FIG. 1A, limb only lead-system 20

includes a proper anatomical placement of an RA electrode,
a LA electrode, a LL electrode and a RL electrode as shown.
A proper connection of limb-only lead-system 20 to terminal
configuration 41 via a cable connector (not shown) is in
accordance with the following Table 2:

TABLE 2

COLUMN 1 COLUMN 2
ROW 1 RA electrode LA electrode
ROW 2 LL electrode RL electrode
ROW 3
ROW 4
ROW 5

[0047] An example of a misconnection of limb only

lead-system 20 to terminal configuration 41 via a cable
connector (not shown for clarity) in the form of a LA-RA
cable interchange is in accordance with the following Table
3:

TABLE 3
COLUMN 1 COLUMN 2
ROW 1 LA electrode RA electrode
ROW 2 LL electrode RL electrode
ROW 3
ROW 4
ROW 3
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[0048] Those having ordinary skill in the art will appre-
ciate additional examples of a misconnection of limb only
lead-system 20 to terminal configuration 41 (i.e. additional
possible cable interchanges).

[0049] Referring to FIG. 1B, limited precordial lead-
system 21 includes a proper anatomical placement RA
electrode, LA electrode, LL electrode, RL electrode, a pre-
cordial electrode V1 and a precordial electrode V6 as shown
(note other combination pair of precordial electrodes may be
utilized). A proper connection of limited precordial lead-
system 21 to terminal configuration 41 via a cable connector
(not shown for clarity) is in accordance with the following
Table 4:

TABLE 4

COLUMN 1 COLUMN 2
ROW 1 RA electrode LA electrode
ROW 2 LL electrode RL electrode
ROW 3 V1 electrode
ROW 4
ROW 5 V6 electrode

[0050] An example of a misconnection of limited precor-

dial lead-system 21 to terminal configuration 41 via a cable
connector (not shown for clarity) in the form of a V1-V6
cable interchange is in accordance with the following Table
5

TABLE 5

COLUMN 1 COLUMN 2
ROW 1 RA electrode LA electrode
ROW 2 LL electrode RL electrode
ROW 3 V6 electrode
ROW 4
ROW 5 V1 electrode

[0051] Those having ordinary skill in the art will appre-

ciate additional examples of a misconnection of limited
precordial lead-system 21 to terminal configuration 41 (i.e.
additional possible cable interchanges).

[0052] Referring to FIG. 1C, standard 12-lead system 22
includes a proper anatomical placement RA electrode, LA
electrode, LL electrode, RL electrode, precordial electrode
V1, a precordial electrode V2, a precordial electrode V3, a
precordial electrode V4, a precordial electrode V5, and
precordial electrode V6 as shown. A proper connection of
standard 12-lead system 22 to terminal configuration 41 via
a cable connector (not shown for clarity) is in accordance
with the following Table 6:

TABLE 6

COLUMN 1 COLUMN 2
ROW 1 RA electrode LA electrode
ROW 2 LL electrode RL electrode
ROW 3 V1 electrode V2 electrode
ROW 4 V3 electrode V4 electrode
ROW 5 V5 electrode V6 electrode

[0053] Anexample of a misconnection of standard 12-lead

system 22 to terminal configuration 41 via a cable connector
(not shown) in the form of a LA-LL cable interchange is in
accordance with the following Table 7:



US 2018/0092568 A1l

TABLE 7

COLUMN 1 COLUMN 2
ROW 1 RA electrode LL electrode
ROW 2 LA electrode RL electrode
ROW 3 V1 electrode V2 electrode
ROW 4 V3 electrode V4 electrode
ROW 5 VS electrode V6 electrode

[0054] Those having ordinary skill in the art will appre-

ciate additional examples of a misconnection of standard
12-lead system 22 to terminal configuration 41 (i.e. addi-
tional possible cable interchanges).

[0055] Referring to FIGS. 1A-1C, upon connection of
either lead system 20-22 to terminal configuration 41, ECG
controller 30 executes a cable interchange management
method of the present invention represented by a flowchart
70 of FIG. 2.

[0056] Additionally referring to FIG. 2, a stage S74 of
flowchart 70 encompasses electrode interface 40 ascertain-
ing a particular type of cable connection to terminal con-
figuration 41 during a stage S72 of flowchart 70 based on a
number of connected terminals to indicate a connection to
limb only-lead system 20, limited precordial-lead system 21
or standard 12-lead system 22.

[0057] For a connection to limb only-lead system 20,
electrode interface 40 provides incoming ECG signals to
ECG interpreter 50 for a generation of an ECG waveform,
and provides a codeword to cable interchange classifier 60
to indicate the system 20 connection whereby cable inter-
change classifier 60 executes an ECG waveform morphol-
ogy based cable interchange classification of the connection
to limb only-lead system 20 during a stage S76 of flowchart
70. The result is a cable interchange messaging by classifier
60 during a stage S82 of flowchart 70 consisting of:
[0058] 1. No interchange (Table 2);

[0059] 2. a LA-RA interchange (Table 3);
[0060] 3.a RA-LL interchange;

[0061] 4.a LA-LL interchange;

[0062] 5. arLAL CW rotation; or

[0063] 6. a rLAR CC3 rotation.

[0064] For a connection to limited precordial-lead system
21, electrode interface 40 provides incoming ECG signals to
ECG interpreter 50 for generation of the ECG waveform,
and provides a codeword to cable interchange classifier 60
identifying the system 21 connection whereby cable inter-
change classifier 60 executes an ECG waveform morphol-
ogy based cable interchange classification of the connection
to limited precordial-lead system 21 during a stage S78 of
flowchart 70. The result is a cable interchange messaging by
classifier 60 during stage S82 consisting of:

[0065] 1. No interchange (Table 4);
[0066] 2.a LA-RA interchange;
[0067] 3.a RA-LL interchange;
[0068] 4.a LA-LL interchange;
[0069] 5. arLAL CW rotation;

[0070] 6. a rLAR CC3 rotation; or

[0071] 7 a V1-V6 precordial interchange (Table 5).
[0072] For a connection to standard 12-leady system 22,
electrode interface 40 provides incoming ECG signals to
ECG interpreter 50 for generation of the ECG waveform,
and provides a codeword to cable interchange classifier 60
identifying the system 22 connection whereby cable inter-
change classifier 60 executes an ECG waveform morphol-
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ogy/lead redundancy based cable interchange classification
of the connection to standard 12-lead system 22 during a
stage S80 of flowchart 70. The result is a cable interchange
messaging by classifier 60 during stage S82 consisting of:

[0073] 1. No interchange (Table 6);

[0074] 2. a LA-RA interchange;

[0075] 3. a RA-LL interchange;

[0076] 4. a LA-LL interchange (Table 7);

[0077] 5. arLAL CW rotation;

[0078] 6. a rLAR CC3 rotation; or

[0079] 7. any combination of V1-V6 precordial inter-
change.

[0080] Note, while not described as an example herein, the
RL electrode in practice may be involved in a cable inter-
change and the present invention may be practiced to cover
cable interchanges for all electrodes of an ECG lead system
or a selected subset thereof.

[0081] Referring to FIG. 3, a flowchart 90 represents a
cable interchange detection/classification method executed
by ECG interpreter 50 and cable interchange classifier 60
during stage S76, stage S78 or stage S80 of flowchart 70
(FIG. 2) in dependence of the lead system connection.

[0082] A stage S92 of flowchart 90 encompasses ECG
interpreter 50 sampling the incoming ECG signals (e.g., @
500 samples/sec), and a stage S94 of flowchart 90 encom-
passes ECG interpreter 50 generating the ECG waveform.

[0083] Inpractice, ECG interpreter 50 may implement any
known algorithm during stage S94 including, but not limited
to, a Philips DXL ECG algorithm.

[0084] If the generated ECG waveform has a poor signal
quality as ascertained by ECG interpreter 50 during a stage
S96 of flowchart 90, then ECG interpreter 50 proceeds to
communicate a descriptive poor signal message during a
stage S98 of flowchart 90. A range of poor signal messages
include, but are not limited to, “no measurement”, “paced
rhythm”, “a large baseline wander” and “a large muscle
noise”.

[0085] If the generated ECG waveform has a good signal
quality as ascertained by ECG interpreter 50 during stage
S96, then ECG interpreter 50 proceeds to a stage S100 of
flowchart 90 to ascertain if a P-wave of the generated ECG
waveform is normal or abnormal. In practice, the P-wave of
the ECG waveform may be considered normal when the
ECG waveform has a consistent beat-to-beat PR interval,
and does not show atrial fibrillation or atrial flutter. Other-
wise, the P-wave of the ECG waveform may be considered
abnormal when the ECG waveform has an inconsistent
beat-to-beat PR interval or is showing atrial fibrillation or
atrial flutter.

[0086] If the P-wave is normal, then ECG interpreter 50
and cable interchange classifier 60 proceed to a stage S102
of flowchart 90 to execute a cable interchange classification
with P-wave morphology dependent upon the particular
identified ECG lead system connection. Otherwise, if the
P-wave is abnormal, then ECG interpreter 50 and cable
interchange classifier 60 proceed to a stage S104 of flow-
chart 90 to execute a cable interchange classification without
P-wave morphology dependent upon the particular identi-
fied ECG lead system connection.

[0087] Upon completion of either stage S102 or S104 for
the appropriate lead system connection and P-wave normal-
ity decision, a stage S108 of flowchart 90 encompasses cable
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interchange classifier 60 generating the appropriate message
as previously discussed herein for stage S82 of flowchart 70
(F1G. 2).

[0088] Stages S102 and S104 will now be described herein
in the context of an identified ECG lead system connection.
[0089] Referring to FIG. 4, a flowchart 110 represents a
cable interchange classification with P-wave and without
P-wave for an identified connection to limb only-lead sys-
tem 20.

[0090] A stage S112 of flowchart 110 encompasses ECG
interpreter 50 extracting morphology features necessary for
a cable interchange message generation during a stage S114
of flowchart 110. Specifically, stage S112 shows four (4)
ECG signals ES;,-ES,, being communicated to ECG inter-
preter 50 via terminals T1-T4 of terminal configuration 41
whereby ECG interpreter 50 extracts up to an X number of
ECG morphology features MF, X=1.

[0091] For a normal P-wave, ECG interpreter 50 extracts
and provides ECG morphology features MF including fron-
tal axis of P-wave and QRS-wave and clockwise vector loop
rotation direction of P-wave and QRS to cable interchange
classifier 60 for executing stage S114.

[0092] For an abnormal P-wave, ECG interpreter 50
extracts and provides ECG morphology features including
frontal axis of QRS-wave, clockwise vector loop rotation
direction of QRS-wave, and amplitudes of R-wave for lead
I and lead II to cable interchange classifier 60 for executing
stage S114.

[0093] Note stage S112 shows “no cable interchange”
between limb only-lead system 20 and terminal configura-
tion 41. Nonetheless, those having ordinary skill in the art
will appreciate the various cable interchanges that may
occur for limb only-lead system 20.

[0094] Cable interchange classifier 60 incorporates a deci-
sion tree algorithm for limb only-lead system 20, a decision
tree algorithm for limited precordial-lead system 21 and a
support vector machine for standard 12-lead system 22. For
flowchart 110, cable interchange classifier 60 executes the
decision tree algorithm for limb only-lead system 20 for
detecting and classifying any cable interchange between
system 20 and terminal configuration 41. The decision tree
is dependent upon the extracted features and utilizes pre-
dictive measurements of each extracted morphology feature
should be chosen to balance sensitivity versus specificity.
[0095] Referring to FIG. 5, an exemplary decision tree 64
for a normal P-wave is shown. Decision tree 64 includes root
nodes RN1-RN10 with each root node corresponding to a
particular extracted ECG morphology feature. Decision tree
64 further includes leaf nodes LN1-LN11 with leaf node
LN1 corresponding to no cable interchange and each leaf
node LN2-LN11 corresponding to a particular cable inter-
change. The following Table 8 shows various message
generations by cable interchange classifier 60 dependent
upon specific measurements of extracted morphology fea-
tures:

TABLE 8

Measurement 1 Measurement 2 Measurement 3

P-axis 100° 141° 121°
P-loop [-100, 100] 0 0 0
QRS-axis 116° 116° 85°
QRS-loop [-100, 100] 0 0 0
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TABLE 8-continued

Measurement 1 Measurement 2 Measurement 3

Cable Interchange No CI LA-RA LA-LL
Message
[0096] From the description of FIG. 5, those having ordi-

nary skill in the art will appreciate, (1) how to re-balance
sensitivity versus specificity of decision tree 64 as needed,
and (2) how to generate a decision tree for an abnormal
P-wave and an alternative decision tree for normal P-wave,
both including more or less or the same ECG morphology
features as decision tree 64.

[0097] In practice, cable tree classifier 60 may utilize
algorithms for limb only-lead system 20 other than a deci-
sion tree including, but not limited to, a linear regression, a
logistic regression, a neural network, a naive Bayes, and a
discriminate analysis. Furthermore, any utilized algorithm
may be used to solve a regression problem, which means in
addition to detection of any cable interchange, each detec-
tion will be assigned a likelihood probability estimate.
[0098] Upon completion of stage S114, any cable inter-
change between limb only-lead system 20 and terminal
configuration 41 has been accurately detected and classified,
and classifier 60 provides a cable interchange message CIM.
[0099] Referring to FIG. 6, a flowchart 120 represents a
cable interchange classification with P-wave and without
P-wave for an identified connection to limited precordial-
lead system 21.

[0100] A stage S122 of flowchart 120 encompasses ECG
interpreter 50 extracting morphology features necessary for
a cable interchange message generation during a stage S124
of flowchart 120. Specifically, stage S122 shows six (6)
ECG signals ES ;,-ES 5 and ES/, , being communicated to
BCG interpreter 50 via terminals T1-T5 and T10 of terminal
configuration 41 whereby ECG interpreter 50 extracts up to
a Y number of ECG morphology features MF, Y=1.
[0101] For a normal P-wave, ECG interpreter 50 extracts
and provides ECG morphology features MF including fron-
tal axis of P-wave and QRS-wave, clockwise vector loop
rotation direction of P-wave and QRS-wave, area of P-QRS-
T-wave for two precordial leads, and amplitude of P-QRS-
T-wave for two precordial leads to cable interchange clas-
sifier 60 for executing stage S124.

[0102] For an abnormal P-wave, ECG interpreter 50
extracts and provides ECG morphology features including
frontal axis of QRS-wave, clockwise vector loop rotation
direction of QRS-wave, amplitudes of R-wave for lead I and
lead I, area of QRS-T-wave for two precordial leads, and
amplitude of QRS-T-wave for two precordial leads to cable
interchange classifier 60 for executing stage S124.

[0103] Note stage S122 shows “no cable interchange”
between limited precordial-lead system 21 and terminal
configuration 41. Nonetheless, those having ordinary skill in
the art will appreciate the various cable interchanges that
may occur for limited precordial-lead system 21.

[0104] Again, cable interchange classifier 60 incorporates
a decision tree algorithm for limb only-lead system 20, a
decision tree algorithm for limited precordial-lead system 21
and a support vector machine for standard 12-lead system
22. For flowchart 120, cable interchange classifier 60
executes the decision tree algorithm for limited precordial-
lead system 21 for detecting and classifying any cable
interchange between system 21 and terminal configuration
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41. The decision tree is dependent upon the extracted
features and utilizes predictive measurements of each
extracted morphology feature should be chosen to balance
sensitivity versus specificity.

[0105] Referring to FIG. 7, an exemplary decision tree 65
for a normal P-wave is shown. Decision tree 65 includes root
node RN1-RN9 with each root node corresponding to a
particular extracted ECG morphology feature. Decision tree
65 further includes leaf nodes LN1-LN10 with leaf nodes
LN3, LN4, LN6 and LNI10 corresponding to no cable
interchange, and leaf nodes LN1, LN2, LN5 and LN7-LN9
corresponding to a particular cable interchange. The follow-
ing Table 9 shows various message generations by cable
interchange classifier 60 dependent upon specific measure-
ments of extracted morphology features:

TABLE 9

Measurement 1 Measurement 2 Measurement 3

P-axis 63° 63° 121°
P-loop [-100, 100] 90 110 110
Lead V6 P-area 5.0 puv 5.0 uv 5.0 pv
Lead V6 P-amp =71 pv =71 wv =71 v
Lead V6 Q-amp -874 pv -874 pv -874 v
Lead V6 S-amp -1034 pv -1474 pv -1474 v
Cable Interchange No CI V1-V6 LA-LL
Message

[0106] From the description of FIG. 7, those having ordi-
nary skill in the art will appreciate, (1) how to re-balance
sensitivity versus specificity of decision tree 65 as needed,
and (2) how to generate a decision tree for an abnormal
P-wave and alternative decision tree for normal P-wave,
both including more or less or the same ECG morphology
features as decision tree 65.

[0107] In practice, cable tree classifier 60 may utilize
algorithms for limited precordial-lead system 21 other than
a decision tree including, but not limited to, a linear regres-
sion, a logistic regression, a neural network, a naive Bayes,
and a discriminate analysis. Furthermore, any utilized algo-
rithm may be used to solve a regression problem, which
means in addition to detection of any cable interchange, each
detection will be assigned a likelihood probability estimate.
[0108] Upon completion of stage S124, any cable inter-
change between limited precordial-lead system 21 and ter-
minal configuration 41 has been accurately detected and
classified, and classifier 60 provides a cable interchange
message CIM.

[0109] Referring to FIG. 8, a flowchart 130 represents a
cable interchange classification with P-wave and without
P-wave for an identified connection to standard 12-lead
system 22.

[0110] A stage S132 of flowchart 130 encompasses ECG
interpreter 50 extracting morphology features necessary for
a cable interchange message generation during a stage S134
of flowchart 130. Specifically, stage S132 shows ten (10)
ECG signals ES,-ES;, ; being communicated to ECG intet-
preter 50 via terminals T1-T10 of terminal configuration 41
whereby ECG interpreter 50 extracts up to a Z number of
ECG morphology features MF, 7Z=1.

[0111] For a normal P-wave, ECG interpreter 50 extracts
and provides ECG morphology features MF including fron-
tal axis of P-wave and QRS-wave and clockwise vector loop
rotation direction of P-wave and QRS-wave to cable inter-
change classifier 60 for executing stage S134.
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[0112] For an abnormal P-wave, ECG interpreter 50
extracts and provides ECG morphology features including
ECG morphology features including frontal axis of QRS-
wave, clockwise vector loop rotation direction of QRS-
wave, and amplitudes of R-wave for lead T and lead 1T to
cable interchange classifier 60 for executing stage S134.
[0113] Note stage S132 shows “no cable interchange”
between standard 12-lead system 22 and terminal configu-
ration 41. Nonetheless, those having ordinary skill in the art
will appreciate the various cable interchanges that may
occur for standard 12-lead system 22.

[0114] Again, cable interchange classifier 60 incorporates
a decision tree algorithm for limb only-lead system 20, a
decision tree algorithm for limited precordial-lead system 21
and a support vector machine for standard 12-lead system
22. For flowchart 130, cable interchange classifier 60
executes the support vector machine for standard 12-lead
system 22 for detecting and classifying any cable inter-
change between system 22 and terminal configuration 41.
The support vector machine processes the appropriate
extracted ECG morphology features MF and redundancy
features of the standard 12-lead system 22. In practice, any
type of support vector machine may be utilized including,
but not limited to, a multi-class linear support vector
machine in the form of C-support vector classification.
[0115] Referring to FIG. 9, a flowchart 140 represents a
support vector machine method for stage S134 utilizing a
multi-class linear support vector machine in the form of
C-support vector classification.

[0116] A stage S142 of flowchart 140 encompasses clas-
sifier 60 generating a M number of redundancy features of
standard 12-lead system 22, M=1. In one embodiment of
flowchart 140, the redundancy features are derived based on
a known EASI™ transformation. In this context, redun-
dancy means that many leads are highly correlated whereby
each lead can be reconstructed from other leads with rea-
sonable accuracy due to this redundant information. The
transformation involves, for each ECG, after generating a
separate ECG for all possible lead swaps, an inverse of
BASI™ lead conversion matrix used to transform each
swapped 12-lead ECG to the EASI™ lead system and then
the EASI™ lead conversion matrix is applied to convert
back to a 12-lead ECG. A lead by lead root mean square
errors (RMSE) and correlation coefficient (CC) between
swapped ECGs and the double EASI™.-transformed ECGs
are calculated over the entire QRS-T complex. The redun-
dancy features are thus the averaged RMSE and averaged
CC among all 12 leads for each lead swap.

[0117] In practice, a matrix transformation alternative to
the EASI™ transformation may be utilized during stage
S142.

[0118] A stage S144 of flowchart 140 encompasses an N
number of output classes for each possible cable inter-
change, N=1, and a N number of binary SVM classifiers 66
for every combination of output classes with a “no inter-
change” class. More particularly, a linear combination of
extracted ECG morphology features MF and generated
redundancy features RF are processed to generate a SVM
score from each binary classifier.

[0119] A stage S146 of flowchart 140 encompasses a
detection of any cable interchange by an application of each
SVM score to a corresponding SVM score histogram 67
having a decision boundary between a “no interchange”
class and a “cable interchange” class designed to reduce any
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false positive case through an unequal weighting of the C
parameter in the SVM model.

[0120] A stage S148 of flowchart 40 encompasses a cable
interchange classification based on a “one-against-one”
approach whereby a final output class is chosen by compar-
ing outputs from all binary classifiers using a voting strategy.
The final output will be the class which has the most votes
among all binary classifiers.

[0121] In a simple example, for ten (10) binary classifiers
B1-B10 and three (3) possible output classes 01-O3, the
following is the output of each binary classifiers:

[0122] 1. B1->01,
[0123] 2. B2->01,
[0124] 3. B3->02,
[0125] 4. B4->01,
[0126] 5. B5->01,
[0127] 6. B6->01,
[0128] 7. B7->02,
[0129] 8. B8->02,
[0130] 9. B9->03; and
[0131] 10. B10->03.
[0132] A voting tally of the outputs render output class O1

having five (5) votes, output class O2 having three (3) votes,
and output class O3 having two (2) votes. So the final output
would be output class Ol.

[0133] From the description of FIG. 9, those having ordi-
nary skill in the art will appreciate, implement different
types of support vector machines of various classifications.
[0134] In practice, cable interchange classifier 60 may
utilize algorithms for standard 12-lead system 22 other than
a support vector machines including, but not limited to, a
linear regression, a logistic regression, a neural network, a
naive Bayes, and a discriminate analysis. Furthermore, any
utilized algorithm may be used to solve a regression prob-
lem, which means in addition to detection of any cable
interchange, each detection will be assigned a likelihood
probability estimate.

[0135] Upon completion of stage S146, any cable inter-
change between standard 12-lead system 22 and terminal
configuration 41 has been accurately detected and classified,
and classifier 60 provides a cable interchange message CIM.
[0136] Referring to FIG. 10, a more detailed exemplary
embodiment of ECG controller 30 is shown for executing
the preceding descriptions of various flowcharts as shown in
FIGS. 2-9. For this embodiment, electrode interface 40
employs a hardware interface 41 inclusive of terminal
configuration 41 (FIG. 1) and a software interface 42 for
controlling of a transmission of ECG signals to ECG inter-
preter 50 and lead identification codewords to ECG inter-
preter 50 and cable interchange classifier 60. ECG inter-
preter 50 employs an ECG waveform generator 51 and an
ECG morphology extractor 52. Cable interchange classifier
60 employs a decision tree manager 61, a lead redundancy
manager 62 and a support vector machine manager 63.
[0137] Controller 30 may communicate a cable inter-
change message CIM to various devices including, but not
limited to, a display 150, a printer 151 and a speaker 152.
For example, cable interchange message CIM may be dis-
played by display 150 during a pre-recording screen of an
ECG waveform. More particularly, in a clinical workflow,
right after skin preparation, electrode placement, and device
connection, a pop-up window 151 could be displayed if the
algorithm detects any cable interchange.
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[0138] Additionally, during a retrospective diagnosis, a
message code could be displayed on a diagnostic report 161
generated by printer 160 and if possible interchanged leads
could be swapped back to the correct position during post-
recording analysis.

[0139] As previously stated herein, ECG controller 30 is
for an ECG device by coupling, integration or otherwise any
structural relationship between ECG controller 30 and the
BCG device that facilitates the ECG controller communi-
cating a message to or from the ECG device indicating an
absence or a presence of a cable interchange between the
ECG controller and an ECG lead system.

[0140] For example, FIG. 11A shows a coupling of ECG
controller 30 to an ECG device 170 via a cable connector
181 whereby ECG signals and a cable interchange message
may be communicated to ECG device 170 upon a connec-
tion of ECG controller 30 to standard 12-lead system 22 (or
other ECG lead system) via a cable connector 180.

[0141] By further example, FIG. 11B shows an integration
of ECG controller 30 into an ECG device 181 whereby ECG
signals and a cable interchange message are communicated
to additional components (not shown) of ECG device 181 as
needed upon a connection of ECG controller 30 to standard
12-lead system 22 (or other ECG lead system) via a cable
connector 180.

[0142] In practice, an ECG controller of the present inven-
tion may be designed for a specific ECG lead system only.
For such designs, a cable interchange classifier may imple-
ment an ECG waveform morphology based detection and
classification of the present invention and/or an ECG lead
redundancy based detection (e.g., decision tree processing of
morphology features) and classification of the present inven-
tion (e.g., SVM processing of morphology/redundancy fea-
tures).

[0143] Referring to FIGS. 1-11, those having ordinary
skill in the art will appreciate numerous benefits of the
present invention including, but not limited to:

[0144] (1) facilitating a reduction in chances of ECG
lead-wire misconnections by ECG technicians or
nurses by generating an alert indicating cable inter-
change during initial ECG recordings for a wide range
of ECG devices, and

[0145] (2) facilitating a retrospective diagnosis by dis-
playing an interchange message code on the diagnostic
report and if possible swapping the interchanged leads
back to the correct position to thereby impeded a
generation erroneous diagnostic reports, false alarms,
or preventing large waveform error when reconstruct-
ing ECGs from different lead systems.

[0146] Furthermore, as one having ordinary skill in the art
will appreciate in view of the teachings provided herein,
features, elements, components, etc. described in the present
disclosure/specification and/or depicted in the FIGS. 1-11
may be implemented in various combinations of electronic
components/circuitry, hardware, executable software and
executable firmware, particularly as application modules of
an ECG controller as described herein, and provide func-
tions which may be combined in a single element or multiple
elements. For example, the functions of the various features,
elements, components, etc. shown/illustrated/depicted in the
FIGS. 1-11 can be provided through the use of dedicated
hardware as well as hardware capable of executing software
in association with appropriate software. When provided by
a processor, the functions can be provided by a single
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dedicated processor, by a single shared processor, or by a
plurality of individual processors, some of which can be
shared and/or multiplexed. Moreover, explicit use of the
term “processor” should not be construed to refer exclu-
sively to hardware capable of executing software, and can
implicitly include, without limitation, digital signal proces-
sor (“DSP”) hardware, memory (e.g., read only memory
(“ROM”™) for storing software, random access memory
(“RAM™), non-volatile storage, etc.) and virtually any
means and/or machine (including hardware, software, firm-
ware, circuitry, combinations thereof, etc.) which is capable
of (and/or configurable) to perform and/or control a process.

[0147] Moreover, all statements herein reciting principles,
aspects, and embodiments of the invention, as well as
specific examples thereof, are intended to encompass both
structural and functional equivalents thereof. Additionally, it
is intended that such equivalents include both currently
known equivalents as well as equivalents developed in the
future (e.g., any elements developed that can perform the
same or substantially similar function, regardless of struc-
ture). Thus, for example, it will be appreciated by one having
ordinary skill in the art in view of the teachings provided
herein that any block diagrams presented herein can repre-
sent conceptual views of illustrative system components
and/or circuitry embodying the principles of the invention.
Similarly, one having ordinary skill in the art should appre-
ciate in view of the teachings provided herein that any flow
charts, flow diagrams and the like can represent various
processes which can be substantially represented in com-
puter readable storage media and so executed by a computer,
processor or other device with processing capabilities,
whether or not such computer or processor is explicitly
shown.

[0148] Furthermore, exemplary embodiments of the pres-
ent invention can take the form of a computer program
product or application module accessible from a computer-
usable and/or computer-readable storage medium providing
program code and/or instructions for use by or in connection
with, e.g., a computer or any instruction execution system.
In accordance with the present disclosure, a computer-
usable or computer readable storage medium can be any
apparatus that can, e.g., include, store, communicate, propa-
gate or transport the program for use by or in connection
with the instruction execution system, apparatus or device.
Such exemplary medium can be, e.g., an electronic, mag-
netic, optical, electromagnetic, infrared or semiconductor
system (or apparatus or device) or a propagation medium.
Examples of a computer-readable medium include, e.g., a
semiconductor or solid state memory, magnetic tape, a
removable computer diskette, a random access memory
(RAM), a read-only memory (ROM), flash (drive), a rigid
magnetic disk and an optical disk. Current examples of
optical disks include compact disk read only memory (CD-
ROM), compact disk read/write (CD-R/W) and DVD. Fur-
ther, it should be understood that any new computer-read-
able medium which may hereafter be developed should also
be considered as computer-readable medium as may be used
or referred to in accordance with exemplary embodiments of
the present invention and disclosure.

[0149] Having described preferred and exemplary
embodiments of novel and inventive system and method for
automatic detection/classification of ECG cable interchange
for difference ECG lead systems, (which embodiments are
intended to be illustrative and not limiting), it is noted that
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modifications and variations can be made by persons having
ordinary skill in the art in light of the teachings provided
herein, including the FIGS. 1-11. It is therefore to be
understood that changes can be made in/to the preferred and
exemplary embodiments of the present disclosure which are
within the scope of the embodiments disclosed herein.
[0150] Moreover, it is contemplated that corresponding
and/or related systems incorporating and/or implementing
the device or such as may be used/implemented in a device
in accordance with the present disclosure are also contem-
plated and considered to be within the scope of the present
invention. Further, corresponding and/or related method for
manufacturing and/or using a device and/or system in accor-
dance with the present disclosure are also conteniplated and
considered to be within the scope of the present invention.
1. An ECG controller for an ECG device, the ECG
controller comprising:
an electrode interface in connection with one of a base
ECG lead system and a sub-base ECG lead system is
adapted to receive ECG signals;
an ECG interpreter,
wherein the ECG interpreter is adapted in communi-
cation with the electrode interface to generate an
ECG waveform responsive to the ECG signals, and
wherein the ECG interpreter is further adapted to
extract at least one morphology feature of the ECG
waveform responsive to a connection of one of the
base ECG lead system and the sub-base ECG lead
system to the electrode interface; and
a cable interchange classifier,
wherein the cable interchange classifier in communi-
cation with the ECG interpreter is adapted to detect
and classify any cable interchange between the elec-
trode interface and the sub-base ECG lead system
responsive to the connection of the sub-base ECG
lead system to the electrode interface and further
responsive to an extraction by the ECG interpreter of
the at least one morphology feature of the ECG
waveform,
wherein the cable interchange classifier is further
adapted in communication with the electrode inter-
face to generate at least one redundancy feature of
the base ECG lead system responsive to the connec-
tion of the base ECG lead system to the electrode
interface, and
wherein the cable interchange classifier is further
adapted in communication with the ECG interpreter
to detect and classify any cable interchange between
the electrode interface and the base ECG lead system
responsive to an extraction by the ECG interpreter of
the at least one morphology feature of the ECG
waveform and further responsive to a generation by
the cable interchange classifier of the at least one
redundancy feature of the base ECG lead system.
2. The ECG controller of claim 1,
wherein the sub-base ECG lead system is a subset of the
based ECG lead system.
3. The ECG controller of claim 1,
wherein the base ECG lead system is a standard 12-lead
system; and
wherein the sub-base ECG lead system is one of a limb
only-lead system and a limited precordial-lead system.
4. The ECG controller of claim 1, wherein responsive to
a P-wave of the ECG waveform exhibiting normal charac-
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teristics, the ECG interpreter extracts the at least one mor-
phology feature of the ECG waveform including at least one
of a frontal axis of a P-wave, a frontal axis of a QRS-wave,
a clockwise vector loop rotation direction of the P-wave, a
clockwise vector loop rotation direction of the QRS-wave,
an area of a P-QRS-T wave, and an amplitude of the
P-QRS-T wave.

5. The ECG controller of claim 1, wherein responsive to
a P-wave of the ECG waveform exhibiting abnormal char-
acteristics, the ECG interpreter extracts the at least one
morphology feature of the ECG waveform including a
frontal axis of a QRS-wave, a clockwise vector loop rotation
direction of the QRS-wave, amplitudes of the R-waves, an
area of a QRS-T wave, and an amplitude of the QRS-T
wave.

6. The ECG controller of claim 1, wherein the cable
interchange classifier includes a decision tree for detecting
and classifying any cable interchange between the electrode
interface and the sub-base ECG lead system.

7. The ECG controller of claim 6,

wherein the decision tree includes at least one root node

corresponding to the at least one morphology feature of
the ECG waveform; and

wherein the decision tree further includes at least one leaf

node corresponding to a cable interchange between the
electrode interface and the sub-base ECG lead system.

8. The ECG controller of claim 1, wherein the cable
interchange classifier derives the at least one redundancy
feature of the base ECG lead system from a transformation
matrix.

9. The ECG controller of claim 1,

wherein the cable interchange classifier includes a support
vector machine for detecting and classifying any cable
interchange between the electrode interface and the
base ECG lead system; and

wherein the support vector machine includes a plurality of
binary classifiers for generating linear classification
scores of all combination of cable interchange classes
to a no interchange class responsive to the extraction by
the ECG interpreter of the at least one morphology
feature of the ECG waveform and further responsive to
the generation by the cable interchange classifier of the
at least one redundancy feature of the base ECG lead
system.

10. The ECG controller of claim 9, wherein the support
vector machine includes a plurality of histograms for clas-
sifying each linear classification score.

11. The ECG controller of claim 10, wherein the support
vector machine is adapted to classify a cable interchange
between the electrode interface and the base ECG lead
system derived from a voting strategy of the classifications
of the linear classification scores.

12. The ECG controller (30) of claim 1,

wherein the sub-base ECG lead system includes a RA
electrode, a LA electrode and a LL electrode; and

wherein responsive to a detection by the cable interchange
classifier of a cable interchange between the electrode
interface and the sub-base ECG lead system, the cable
interchange classifier classifies the detection as one of
a LA-RA interchange, a RA-LL interchange, a LA-LL
interchange, a clockwise rotation rLAL interchange
and a counter clockwise rotation rLLAR interchange.
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13. The ECG controller of claim 1,

wherein the sub-base ECG lead system includes a RA
electrode, a LA electrode, a LL electrode, and two or
more precordial electrodes; and

wherein responsive to a detection by the cable interchange
classifier of a cable interchange between the electrode
interface and the sub-base ECG lead system, the cable
interchange classifier classifies the detection as one of
a LA-RA interchange, a RA-LL interchange, a LA-LL
interchange, a clockwise rotation rLAL interchange, a
counter clockwise rotation rLLAR interchange and a
precordial interchange.

14. The controller of claim 13, wherein the pair of

precordial electrodes are a V1 electrode and a V6 electrode.

15. The ECG controller of claim 1,

wherein the base ECG lead system includes a RA elec-
trode, a LA electrode, a LL electrode, and precordial
electrodes V1-V6; and

wherein responsive to a detection by the cable interchange
classifier of a cable interchange between the electrode
interface and the base ECG lead system, the cable
interchange classifier classifies the detection as one of
a LA-RA interchange, a RA-LL interchange, a LA-LL
interchange, a clockwise rotation rLAL interchange, a
counter clockwise rotation rLAR interchange, and a
precordial interchange.

16. A method of operating an ECG controller for an ECG

device, the method comprising:

the ECG controller receiving ECG signals from one of a
base ECG lead system and a sub-base ECG lead
system;

the ECG controller generating an ECG waveform respon-
sive to the ECG signals;

the ECG controller extracting a at least one morphology
feature of the ECG waveform responsive to the ECG
controller receiving the ECG signals from one of the
base ECG lead system and the sub-base ECG lead
system;

the ECG controller detecting and classifying any cable
interchange between the ECG controller and the sub-
base ECG lead system responsive to the ECG controller
receiving the ECG signals from the sub-base ECG lead
system and further responsive to the extraction by the
ECG controller of the at least one morphology feature
of the ECG waveform;

the ECG controller generating at least one redundancy
feature of the base ECG lead system responsive to the
ECG controller receiving the ECG signals from the
base ECG lead system; and

the ECG controller detecting and classifying any cable
interchange between the ECG controller and the base
ECG lead system responsive to the extraction by the
ECG controller of the at least one morphology feature
of the ECG waveform and further responsive to a
generation by the ECG controller of the at least one
redundancy feature of the base ECG lead system.

17. The method of claim 16,

wherein the ECG controller includes a terminal configu-
ration fully corresponding to the base ECG lead sys-
tem; and

wherein the ECG controller includes a terminal configu-
ration partially corresponding to the sub-base ECG lead
system.
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18. The method of claim 16,

wherein the ECG controller implements a decision tree
for detecting and classifying any cable interchange
between the electrode interface and the sub-base ECG
lead system;

wherein the decision tree includes at least one root node
corresponding to the at least one morphology feature of
the ECG waveform; and

wherein the decision tree further includes at least one leaf
node corresponding to a cable interchange between the
electrode interface and the sub-base ECG lead system.

19. The method of claim 16, wherein the ECG controller

derives the at least one redundancy feature of the base ECG
lead system from a transformation matrix.

20. The method of claim 16,

wherein the ECG controller executes a support vector
machine for detecting and classifying any cable inter-
change between the electrode interface and the base
ECG lead system; and

wherein the support vector machine builds a plurality of
binary classifiers derived from the at least one mor-
phology feature of the ECG waveform and the at least
one redundancy feature of the base ECG lead system.

® % % % %
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