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ESTIMATING THE PREVALENCE OF ACTIVATION PATTERNS IN DATA
SEGMENTS DURING ELECTROPHYSIOLOGY MAPPING

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to United States Provisional Application
No. 61/871,108, filed August 28, 2013, which is herein incorporated by reference in
its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to cardiac mapping systems. More
specifically, the present disclosure relates to a cardiac mapping system configured to
identify and classify activation signal patterns during electrophysiological studies.

BACKGROUND

[0003] Diagnosing and treating heart rhythm disorders often involves the
introduction of a catheter having a plurality of sensors/probes into a cardiac chamber
through the surrounding vasculature. The sensors detect electric activity of the heart
at sensor locations in the heart. The electric activity is generally processed into
electrogram signals that represent signal propagation through cardiac tissue at the
sensor locations.

[0004] Systems can be configured to display the electrical signals detected in
the cardiac chamber as an activation map based on voltages detected. Patterns in
the displayed activation signals can be useful for detection regions associated with a
pathophysiology. However, these activation patterns can be complex and vary
greatly amongst sensed activation signals thus making the task of identifying
patterns increasingly difficult. There exists a need to identify prevalent patterns in
complex activation signal patterns to get an overall survey of a patient’s health.

SUMMARY

[0005] In Example 1, a method for mapping an anatomical structure includes
sensing activation signals of physiological activity with a plurality of mapping
electrodes disposed in or near the anatomical structure, each of the plurality of
mapping electrodes having an electrode location, identifying patterns among the
sensed activation signals representing activation propagation, generating a similarity
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measure between each unique pair of identified patterns, and classifying the patterns
into groups based on the similarity measure.

[0006] In Example 2, the method according to Example 1, further includes
determining a characteristic representation for each group, and displaying a
summary plot based on the characteristic representation for each group.

[0007] In Example 3, the method according to either of Examples 1 and 2,
wherein the characteristic representation includes at least one of a mean, variance,
covariance, standard deviation, median, and prevalence.

[0008] In Example 4, the method according to any one of Examples 1-3,
wherein identifying patterns further includes generating a pattern map for each
sensed activation signal, each pattern map having at least one of a vector field map
that represents a direction and magnitude of activation signal propagation, a voltage
propagation map that represents a direction and magnitude of voltage propagation, a
phase propagation map that represents a direction and magnitude of phase
propagation, and an action potential duration map that represents a duration of an
action potential.

[0009] In Example 5, the method according to any one of Examples 1-4,
wherein the patterns classified into groups are compared with at least one pattern
template for each of the groups.

[0010] In Example 6, the method according to any one of Examples 1-5,
wherein identifying patterns further includes identifying unclassifiable patterns that
are not classifiable into any groups of similar patterns, and determining a measure of
randomness based on the unclassifiable patterns.

[0011] In Example 7, the method according to any one of Examples 1-6,
wherein generating the similarity measure further includes generating a similarity
matrix including the patterns, each entry of the similarity matrix representing the
similarity measure for each unique pair of identified patterns generated based on a
correlation of the corresponding patterns.

[0012] In Example 8, the method according to any one of Examples 1-7,
wherein classifying the patterns further includes determining a correlation coefficient
for each unique pair of patterns, and classifying the patterns into distinct groups
based on a percentage of patterns among each group having a particular correlation
coefficient.
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[0013] In Example 9, a method for mapping cardiac tissue, comprising
sensing activation signals of cardiac activity with a plurality of mapping electrodes
disposed in or near the cardiac tissue, each of the plurality of mapping electrodes
having an electrode location, identifying patterns among the sensed activation
signals, generating a similarity measure between each of unique pairs of identified
patterns, classifying the patterns into groups based on similarity measure,
determining a characteristic representation for each group of the groups, and
displaying a summary plot of one or more characteristic representations.

[0014] In Example 10, the method according to Example 9, wherein the
characteristic representation includes at least one of a mean, variance, covariance,
standard deviation, median, and a prevalence of the pattern.

[0015] In Example 11, the method according to of Examples 9 and 10, further
comprising generating a plurality of pattern maps for each activation signal, each
pattern map having at least one of a vector field map which represents a direction
and a magnitude of an activation signal propagation, a voltage propagation map
which representation a direction and a magnitude of voltage propagation, a phase
propagation map which represents a direction and a magnitude of phase
propagation, and an action potential duration map which represents a duration of an
action potential.

[0016] In Example 12, the method according to any one of Examples 9-11,
wherein generating the plurality of pattern maps further includes identifying
unclassifiable pattern maps that are not classifiable into any groups of similar
patterns, and determining a measure of randomness based on the unclassifiable
pattern maps.

[0017] In Example 13, the method according to any one of Examples 9-12,
wherein generating the similarity measure further comprises generating a similarity
matrix including the patterns, each entry of the similarity matrix representing the
similarity measure for each unique pair of identified patterns generated based on a
correlation of the corresponding patterns.

[0018] In Example 14, the method according to any one of Examples 9-13,
wherein classifying the patterns further comprises determining a correlation
coefficient for each unique pair of patterns, and classifying the patterns into distinct
groups based on a percentage of patterns among each group having a particular

correlation coefficient.
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[0019] In Example 15, an anatomical mapping system comprising a plurality of
mapping electrodes disposed in or near an anatomical structure configured to detect
activation signals of physiological activity, each of the plurality of mapping electrodes
having an electrode location, and a processing system associated with the plurality
of mapping electrodes, the processing system configured to record the detected
activation signals and associate one of the plurality of mapping electrodes with each
recorded activation signal, the processing system further configured to determine a
dominant frequency at each electrode location, and determine a wavefront vector at
each electrode location based on a difference between the dominant frequency at a
first electrode location and the dominant frequency at neighboring electrode
locations.

[0020] In Example 16, the anatomical mapping system according to Example
15, wherein the processing system is further configured to determine a characteristic
representation of one or more similarity measures, and display a summary plot of the
characteristic representations.

[0021] In Example 17, the anatomical mapping system according to either of
Examples 15 and 16, wherein the processing system is further configured to
generate a plurality of pattern maps, and wherein, to generate the plurality of pattern
maps, the processing system is further configured to generate a pattern map for
each sensed activation signal, each pattern map having at least one of a vector field
map comprising of wavefront vector at each electrode location.

[0022] In Example 18, the anatomical mapping system according to any of
Examples 15-17, wherein generating the plurality of pattern maps includes
identifying unclassifiable pattern maps that are not classifiable into any groups of
similar patterns and determining a measure of randomness based on the
unclassifiable pattern maps.

[0023] In Example 19, the anatomical mapping system according to any of
Examples 15-18, wherein the processing system is further configured to generate a
similarity measure based on each unique pair of identified patterns generated, which
are based on a correlation of the corresponding patterns.

[0024] In Example 20, the anatomical mapping system according to any of
Examples 15-19, wherein the similarity measure is a correlation coefficient between

each unique pair of pattern maps.
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[0025] In Example 21, the anatomical mapping system according to any of
Examples 15-17, further comprising classifying patterns into distinct groups based on
a percentage of patterns within each group having a particular similarity measure.
[0026] In Example 22, a method for mapping an anatomical structure, the
method comprising sensing activation signals of physiological activity with a plurality
of mapping electrodes disposed in or near the anatomical structure, determining a
reference location and a corresponding segmented block for each instance of the
physiological activity in the sensed activation signals, and iteratively classifying
segmented blocks into groups and simultaneously refining the reference location
used for the segmented block.

[0027] In Example 23, the method of Example 22, further comprising
determining a characteristic representation for each group and displaying a summary
plot of the characteristic representations.

[0028] In Example 24, the method of either of Examples 22 and 23, wherein
iteratively classifying the segmented blocks into groups further comprises, iteratively,
initializing a first and a second cluster, wherein the first cluster includes segmented
blocks and the second cluster is empty, determining a characteristic representation
of the segmented blocks in the first and second clusters, populating the second
cluster with segmented blocks from the first cluster that do not meet a similarity
measure threshold between each reference segment and the characteristic
representation, updating the characteristic representation based on remaining
segmented blocks, and populating the first cluster with segmented blocks from the
first cluster that meet the updated similarity measure threshold between each
segmented block and the updated characteristic representation.

[0029] In Example 25, the method of any of Examples 22-24, further
comprising repeating the steps of populating the first and second clusters and
updating the characteristic representation until the second cluster cannot be
populated with segmented blocks from the first cluster and the first cluster cannot be
populated with segmented blocks from the second cluster, and labeling the first
cluster as a new optimized cluster, wherein the segmented blocks in the optimized
cluster are identified as optimal segmented blocks for each corresponding instance
of physiological activity.

[0030] In Example 26, the method of any of Examples 22-25, further

comprising initializing a new first cluster, wherein the new first cluster includes
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remaining segmented blocks from the second cluster, initializing a new second
cluster, wherein the new second cluster is empty, and repeating the steps of
populating the clusters, updating the characteristic representation, labeling new
optimized clusters, and initializing new clusters until optimized clusters cannot be
labeled.

[0031] In Example 27, the method of any of Examples 22-26, wherein the
optimal segmented blocks are identified independent of determining activation times
for the sensed activation signals.

[0032] In Example 28, the method of any of Examples 22-27, wherein the
characteristic representation is a mean of the corresponding segmented blocks.
[0033] In Example 29, the method of any of Examples 22-28, further
comprising determining a plurality of segmented block candidates corresponding to a
plurality of determined reference locations, determining an optimal segmented block
for each reference location based on maximizing a similarity measure between the
segmented block candidates and the corresponding characteristic representation,
updating the reference location based on the reference location corresponding to the
optimal segmented block to obtain an updated reference location, and updating the
segmented block based on the updated reference location.

[0034] In Example 30, the method of any of Examples 22-29, wherein
determining a plurality of segmented block candidates further comprises determining
a minimum reference location and maximum reference location based on a
maximum lag value from a current reference location with equally spaced time steps
therebetween, and defining a segmented block candidate at each time step based
on a corresponding segmented block, wherein each segmented block candidate is
temporally shifted from the reference location based on the corresponding time step.
[0035] In Example 31, the method of any of Examples 22-30, wherein each
optimal segmented block is determined based on a comparison of each
corresponding segmented block candidate to the characteristic representation.
[0036] While multiple embodiments are disclosed, still other embodiments of
the present invention will become apparent to those skilled in the art from the
following detailed description, which shows and describes illustrative embodiments
of the invention. Accordingly, the drawings and detailed description are to be

regarded as illustrative in nature and not restrictive.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIG. 1 is a schematic view of an embodiment of a system for accessing
a targeted tissue region in the body for diagnostic and therapeutic purposes.

[0038] FIG. 2 is a schematic view of an embodiment of a mapping catheter
having a basket functional element carrying structure for use in association with the
system of FIG. 1.

[0039] FIG. 3 is a schematic side view of an embodiment of the basket
functional element including a plurality of mapping electrodes.

[0040] FIG. 4 is a plurality of identified characteristic representations of
propagation patterns.

[0041] FIG. 5 is a plurality of identified characteristic representations of
propagation patterns.

[0042] FIGS. 6A & 6B illustrate plots of prevalent patterns identified according
to the system of FIG. 1.

[0043] While the invention is amenable to various modifications and
alternative forms, specific embodiments have been shown by way of example in the
drawings and are described in detail below. The intention, however, is not to limit
the invention to the particular embodiments described. On the contrary, the
invention is intended to cover all modifications, equivalents, and alternatives falling

within the scope of the invention as defined by the appended claims.

DETAILED DESCRIPTION

[0044] FIG. 1 is a schematic view of a system 10 for accessing a targeted
tissue region in the body for diagnostic or therapeutic purposes. FIG. 1 generally
shows the system 10 deployed in the left ventricle of the heart. Alternatively, system
10 can be deployed in other regions of the heart, such as the left atrium, right atrium,
or right ventricle. While the illustrated embodiment shows the system 10 being used
for ablating myocardial tissue, the system 10 (and the methods described herein)
may alternatively be configured for use in other tissue ablation applications, such as
procedures for ablating tissue in the prostrate, brain, gall bladder, uterus, and other
regions of the body, including in systems that are not necessarily catheter-based.

[0045] The system 10 includes a mapping probe 14 and an ablation probe 16.
In FIG. 1, each is separately introduced into the selected heart region 12 through a



WO 2015/031607 PCT/US2014/053147

vein or artery (e.g., the femoral vein or artery) through suitable percutaneous access.
Alternatively, the mapping probe 14 and ablation probe 16 can be assembled in an
integrated structure for simultaneous introduction and deployment in the heart region
12.

[0046] The mapping probe 14 has a flexible catheter body 18. The distal end
of the catheter body 18 carries a three-dimensional multiple electrode structure 20.
In the illustrated embodiment, the structure 20 takes the form of a basket defining an
open interior space 22 (see FIG. 2), although other multiple electrode structures
could be used wherein the geometry of the electrode structure and electrode
locations are known. The multiple electrode structure 20 carries a plurality of
mapping electrodes 24 each having an electrode location and channel. Each
electrode 24 is configured to sense intrinsic physiological activity in the anatomical
region on which the ablation procedure is to be performed. In some embodiments,
the electrodes 24 are configured to detect activation signals of the intrinsic
physiological activity within the anatomical structure, e.g., the activation times of
cardiac activity.

[0047] The electrodes 24 are electrically coupled to a processing system 32. A
signal wire (not shown) is electrically coupled to each electrode 24 on the basket
structure 20. The wires extend through the body 18 of the probe 14 and electrically
couple each electrode 24 to an input of the processing system 32, as will be
described later in greater detail. The electrodes 24 sense intrinsic electrical activity in
the anatomical region, e.g., myocardial tissue. The sensed activity, e.g. activation
signals, is processed by the processing system 32 to assist the physician by
generating an anatomical map, e.g., a vector field map, to identify the site or sites
within the heart appropriate for ablation. The processing system 32 identifies a near-
field signal component, i.e. activation signals associated with local activation and
originating from the tissue adjacent to the mapping electrode 24, from an obstructive
far-field signal component, i.e. activation signals originating from non-adjacent
tissue, within the sensed activation signals. For example, in an atrial study, the near-
field signal component includes activation signals originating from atrial myocardial
tissue whereas the far-field signal component includes activation signals originating
from the ventricular myocardial tissue. The near-field activation signal component
can be further analyzed to find the presence of a pathology and to determine a
location suitable for ablation for treatment of the pathology, e.g., ablation therapy.
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[0048] The processing system 32 includes dedicated circuitry (e.g., discrete
logic elements and one or more microcontrollers; application-specific integrated
circuits (ASICs); or specially configured programmable devices, such as, for
example, programmable logic devices (PLDs) or field programmable gate arrays
(FPGAs)) for receiving and/or processing the acquired activation signals. In some
embodiments, the processing system 32 includes a general purpose microprocessor
and/or a specialized microprocessor (e.g., a digital signal processor, or DSP, which
may be optimized for processing activation signals) that executes instructions to
receive, analyze and display information associated with the received activation
signals. In such implementations, the processing system 32 can include program
instructions, which when executed, perform part of the signal processing. Program
instructions can include, for example, firmware, microcode or application code that is
executed by microprocessors or microcontrollers. The above-mentioned
implementations are merely exemplary, and the reader will appreciate that the
processing system 32 can take any suitable form.

[0049] In some embodiments, the processing system 32 may be configured to
measure the intrinsic electrical activity in the myocardial tissue adjacent to the
electrodes 24. For example, in some embodiments, the processing system 32 is
configured to detect intrinsic electrical activity associated with a dominant rotor or
divergent activation pattern in the anatomical feature being mapped. Studies have
shown that dominant rotors and/or divergent activation patterns have a role in the
initiation and maintenance of atrial fibrillation, and ablation of the rotor path, rotor
core, and/or divergent foci may be effective in terminating the atrial fibrillation. In
either situation, the processing system 32 processes the sensed activation signals to
generate a display of relevant characteristics, such as an APD map, a vector field
map, a contour map, a reliability map, a conduction velocity map, an electrogram,
and the like. The relevant characteristics may be used by the physician to identify a
site suitable for ablation therapy.

[0050] The ablation probe 16 includes a flexible catheter body 34 that carries
one or more ablation electrodes 36. The one or more ablation electrodes 36 are
electrically connected to a radio frequency generator (RF) 37 that is configured to
deliver ablation energy to the one or more ablation electrodes 36. The ablation
probe 16 is movable with respect to the anatomical feature to be treated, as well as
the structure 20. The ablation probe 16 is positionable between or adjacent to
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electrodes 24 of the structure 20 as the one or more ablation electrodes 36 are
positioned with respect to the tissue to be treated.

[0051] The processing system 32 outputs to a device 40 the display of
relevant characteristics for viewing by a physician. In the illustrated embodiment,
device 40 is a CRT, LED, or other type of display, or a printer). The device 40
presents the relevant characteristics in a format most useful to the physician. In
addition, the processing system 32 may generate position-identifying output for
display on the device 40 that aids the physician in guiding the ablation electrode(s)
36 into contact with tissue at the site identified for ablation.

[0052] FIG. 2 illustrates an embodiment of the mapping catheter 14 including
electrodes 24 at the distal end suitable for use in the system 10 shown in FIG. 1.
The mapping catheter 14 has a flexible catheter body 18, the distal end of which
carries the three dimensional structure 20 configured to carry the mapping
electrodes or sensors 24. The mapping electrodes 24 sense intrinsic electrical
activity, e.g., activation signals, in the myocardial tissue, the sensed activity is then
processed by the processing system 32 to assist the physician in identifying the site
or sites having a heart rhythm disorder or other myocardial pathology via a
generated and displayed relevant characteristics. This information can then be used
to determine an appropriate location for applying appropriate therapy, such as
ablation, to the identified sites, and to navigate the one or more ablation electrodes
36 to the identified sites.

[0053] The illustrated three-dimensional structure 20 comprises a base
member 41 and an end cap 42 between which flexible splines 44 generally extend in
a circumferentially spaced relationship. As discussed above, the three dimensional
structure 20 takes the form of a basket defining an open interior space 22. In some
embodiments, the splines 44 are made of a resilient inert material, such as Nitinol
metal or silicone rubber, and are connected between the base member 41 and the
end cap 42 in a resilient, pretensed condition, to bend and conform to the tissue
surface they contact. In the illustrated embodiment, eight splines 44 form the three
dimensional structure 20. Additional or fewer splines 44 could be used in other
embodiments. As illustrated, each spline 44 carries eight mapping electrodes 24.
Additional or fewer mapping electrodes 24 could be disposed on each spline 44 in
other embodiments of the three dimensional structure 20. In the illustrated
embodiment, the three dimensional structure 20 is relatively small (e.g., 40 mm or

10
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less in diameter). In alternative embodiments, the three dimensional structure 20 is
even smaller or larger (e.g., 40 mm in diameter or greater).

[0054] A slidable sheath 50 is movable along the major axis of the catheter
body 18. Moving the sheath 50 forward (i.e., toward the distal end) causes the
sheath 50 to move over the three dimensional structure 20, thereby collapsing the
structure 20 into a compact, low profile condition suitable for introduction into and/or
removal from an interior space of an anatomical structure, such as, for example, the
heart. In contrast, moving the sheath 50 rearward (i.e., toward the proximal end)
exposes the three dimensional structure 20, allowing the structure 20 to elastically
expand and assume the pretensed position illustrated in FIG. 2. Further details of
embodiments of the three dimensional structure 20 are disclosed in U.S. Pat. No.
5,647,870, entitled “Multiple Electrode Support Structures,” which is hereby
expressly incorporated herein by reference in its entirety.

[0055] A signal wire (not shown) is electrically coupled to each mapping
electrode 24. The wires extend through the body 18 of the mapping catheter 20 into
a handle 54, in which they are coupled to an external connector 56, which may be a
multiple pin connector. The connector 56 electrically couples the mapping
electrodes 24 to the processing system 32. Further details on mapping systems and
methods for processing signals generated by the mapping catheter are discussed in
U.S. Patent No. 6,070,094, entitled “Systems and Methods for Guiding Movable
Electrode Elements within Multiple-Electrode Structure,” U.S. Patent No. 6,233,491,
entitled “Cardiac Mapping and Ablation Systems,” and U.S. Patent No. 6,735,465,
entitled “Systems and Processes for Refining a Registered Map of a Body Cavity,”
the disclosures of which are hereby expressly incorporated herein by reference.
[0056] It is noted that other multi-electrode structures could be deployed on
the distal end of the mapping catheter 14. It is further noted that the multiple
mapping electrodes 24 may be disposed on more than one structure rather than, for
example, the single mapping catheter 14 illustrated in FIG. 2. For example, if
mapping within the left atrium with multiple mapping structures, an arrangement
comprising a coronary sinus catheter carrying multiple mapping electrodes and a
basket catheter carrying multiple mapping electrodes positioned in the left atrium
may be used. As another example, if mapping within the right atrium with multiple
mapping structures, an arrangement comprising a decapolar catheter carrying
multiple mapping electrodes for positioning in the coronary sinus, and a loop catheter

11
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carrying multiple mapping electrodes for positioning around the tricuspid annulus
may be used.

[0057] Although the mapping electrodes 24 have been described as being
carried by dedicated mapping probes, such as the mapping catheter 14, the mapping
electrodes may be carried on non-mapping dedicated probes or multifunction
probes. For example, an ablation catheter, such as the ablation catheter 16, can be
configured to include one or more mapping electrodes 24 disposed on the distal end
of the catheter body and coupled to the signal processing system 32 and guidance
system (not shown). As another example, the ablation electrode at the distal end of
the ablation catheter may be coupled to the signal processing system 32 to also
operate as a mapping electrode.

[0058] To illustrate the operation of the system 10, FIG. 3 is a schematic side
view of an embodiment of the basket structure 20 including a plurality of mapping
electrodes 24. In the illustrated embodiment, the basket structure includes 64
mapping electrodes 24. The mapping electrodes 24 are disposed in groups of eight
electrodes (labeled 1, 2, 3, 4, 5, 6, 7, and 8) on each of eight splines (labeled A, B,
C,D, E, F, G, and H). While an arrangement of sixty-four mapping electrodes 24 is
shown disposed on a basket structure 20, the mapping electrodes 24 may
alternatively be arranged in different numbers, on different structures, and/or in
different positions. In addition, multiple basket structures can be deployed in the
same or different anatomical structures to simultaneously obtain signals from
different anatomical structures.

[0059] After the basket structure 20 is positioned inside of, or otherwise
adjacent to the anatomical structure to be treated (e.g., left atrium or left ventricle of
the heart), the processing system 32 is configured to record the activation signals
from each electrode 24 channel related to intrinsic physiological activity of the
anatomical structure, i.e. the electrodes 24 measure electrical activation signals
intrinsic to the physiology of the anatomical structure.

[0060] In some embodiments, the processing system 32 is configured to
identify and display prevalent patterns in a data stream of sensed activation signals.
The processing system 32 generates a pattern map based on the sensed activation
signals. The pattern map includes at least one of a vector field map which represents
a direction and magnitude (or velocity) of propagation of a sensed activation signal, a
voltage propagation map such as a contour map of iso-potential lines which

12
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representation a direction and magnitude of voltage propagation at each electrode
location, a phase propagation map such as a contour map of iso-phase lines which
represents a direction and magnitude of signal phase propagating at each electrode
location, a derivative map which illustrates the change in voltage over time at each
electrodes location, an action potential duration map which represents a duration of
an action potential, any combination thereof, and the like. In some embodiments, the
processing system 32 generates pattern maps based on sensed activation signals
sensed from a subset of mapping electrodes 24. This arrangement can be useful to
optimize computation cycles and/or time. The processing system 32 can then identify
prevalent patterns based on the subset of sensed activation signals. In an additional
aspect, processing system 32 may generate one or more similarity measures that
represent a correlation between patterns, which may, in some examples, constitute a
similarity vector indicating an angle and distance between patterns as a vector
representation in multi-dimensional space. Furthermore, the processing system 32
can combine structured datasets, similarity measures and/or similarity vectors, and
characteristic representations (which will be discussed in further detail) from distinct
or overlapping subsets to generate a composite representation.

[0061] For example, the vector field map includes a plurality vectors wherein
each vector is associated with each electrode 24 and represents a local direction of
propagation of the sensed activation signals sensed at the corresponding electrode
24 location with respect to an adjacent or neighboring electrode 24. To determine
each vector which corresponds to a propagating activation signal at an electrode
location, the processing system 32 calculates a circular average of detected
activation signals at adjacent or neighboring electrodes 24 according to a time
difference between an activation signal sensed at a current electrode location and
the activation signal sensed at a neighboring electrode location. The process is
repeated at each electrode location for each sensed activation signal to generate a
series of consecutive grids or fields of vectors wherein each vector corresponds to a
mapping electrode 24 and each vector field represents at least each sensed
activation signal and possibly quiescent periods. Other types of pattern maps, such
as, but not limited to, the voltage propagation map, phase propagation map,
derivative map, action potential duration map, and the like are generated in similar

fashion as necessary generate the desired pattern map.
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[0062] The processing system 32 is configured to identify a pattern for each
generated pattern map. Each pattern map can be compared to one or more of a
plurality of pattern templates which are stored within a template bank. The template
bank can be a database, an array, or a plurality of pattern templates that are stored
locally in memory in the processing system 32 or can be stored in a remote location
and accessed via a network or internet connection. Each pattern template includes a
pattern having a location associated therewith. For example, the pattern may include
patterns related to identifying a dominant rotor and/or divergent activation pattern
associated with cardiac fibrillation. Each pattern template may include a unique
pattern having an associated location include, for example, a curled pattern which
can represent rotor activity including a rotor core and/or rotor path having a core
location or a divergent pattern representing focal activity having a foci location.

[0063] The processing system 32 stores the identified patterns in a structure
data set, such as a multi-dimensional database or multi-dimensional matrix, such
that each pattern is associated with a data set location which corresponds to the
pattern map from which the pattern is identified. After the structured data set is
populated with the identified patterns, the processing system 32 generates a
similarity measure for each unique pair of identified patterns. One example of a
similarity measure is a correlation between each unique pair of patterns or pattern
maps. After each unique pair of patterns are assigned a similarity measure, the
processing system 32 classifies all observed patterns into at least one group or into
distinct groups based on the similarity measure. For instance, pattern maps with high
similarity measure are grouped into the same group, whereas pattern maps with low
similarity measures are grouped into different groups. The correlation function
employed by the processing system 32 may include, but not limited to, a cross-
correlation, a normalized correlation, a phase correlation, a degree of coherence,
cross-covariance, a correlation coefficient, or any measure that can be used to
examine the relationship between a pair of pattern maps. For example, if a cross-
correlation function is employed by the processing system 32 to group the observed
pattern maps and correlation coefficient is determined between each pair of pattern
maps, then the processing system can group similar vectors together based on the
determined correlation coefficient such as establishing minimum and/or maximum
correlation coefficient threshold for each group for which a correlation coefficient falls

within. The grouping can also be based on a percentage of pattern maps among
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each group with which each member pattern map satisfies the pair-wise correlation
coefficient threshold. For example, the processing system 32 may form groups of
pattern maps such that each pattern map in a given group has at least 0.7
correlation with at least 75% of the other pattern maps in the same group. The
grouping could also be based on degree of dissimilarity based on a low similarity
measure. For example, if a given pattern has correlation less than a certain
threshold, with a majority of the patterns belonging to a particular group, then the
pattern is declared to be not belonging to that group and is placed in a separate
group. Continuing with the example of the correlation coefficient grouping function,
the processing system 32 may limit the number of similar patterns per group. If a
group is too large or too small, the processing system 32 adjusts the minimum
and/or maximum correlation threshold associated with the corresponding group.
[0064] In some embodiments, the processing system 32 determines a
characteristic representation for each group. The processing system 32 is configured
to identify and display the most prevalent patterns among the sensed activation
signals. The size of each classified or determined group of similar patterns
corresponds to the prevalence of the characteristic pattern represented by that
group. The characteristic representation is a single representation assigned to the
corresponding group to summarize the associated similar patterns to aid an efficient
and useful visualization. The characteristic representation may include a mean of
some or all of the patterns classified within each group. The characteristic
representation is not limited to an average or mean, it may include a median, mode,
a standard deviation, and the like. The determined characteristic representation is
displayed on the display device 40 for inspection by a user or a physician to
diagnose or detect a pathophysiological condition in the anatomical structure and the
size of the group is presented as an indication of prevalence of that pattern.

[0065] FIGS. 4 and 5 illustrate a displayed characteristic representation of
identified groups during aberrant cardiac activation, e.g. fibrillation, including a
percentage of prevalence for each classified and characterized group of similarity
measures and/or related similarity vectors. In some embodiments, the processing
system 32 is configured to generate a user interface which allows a user or physician
to generate a display of all of the identified and classified patterns or to display a
selected number of the most prevalent identified and classified patterns. The user
interface may include separate panels for different regions during sequential
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mapping for cross-comparison of most prevalent patterns in different regions. The
user interface can include a simple push-button implementation which can display
parameter selection interface in which the user selects parameters for display on the
user interface and display device related to, for example, a summary plot along with
prevalence information for each pattern. The parameter selection interface may
include a user selectable threshold for displaying the previously described most
prevalent identified and classified patterns.

[0066] Furthermore, in the methods described above, it is implicitly assumed
that activations of the recorded physiologic signals are detectable and patterns of
activation propagation between electrodes are constructable. However detecting
activations is complex, especially during atrial fibrillation where electrical activity can
be aberrant to the point on being non-deterministic. Thus, detecting individual
activation times is challenging and can introduce errors that can produce erroneous
pattern maps resulting in poor clustering and prevalence estimation. To minimize
such erroneous pattern map production, in some embodiments, the processing
system 32 may segment multi-electrode signal data into data blocks based upon
some global reference or fiducial and cluster these data blocks instead of pattern
maps derived out of detected activations. For example, the processing system could
segment T time samples around each reference across the MxN electrodes to yield
signal blocks of sizes TxMxN. A user can input a segmentation length, ie. the
number of time steps before and after the corresponding initial reference point, or the
segmentation length can be automatically assigned by the processing system 32
based on a priori data or knowledge regarding hear beat lengths or corresponding
physiological events.

[0067] One example of the global reference used to segment the multi-
electrode signal is a heart beat, i.e., atrial or ventricular beat. In one example, the
processing system 32 calculates the root mean square (RMS) of the data stream
activation signals across all electrodes 24 and identifies the peaks in the RMS data
stream as the global beat reference or fiducial. In another instance the processing
system 32 determines activation times corresponding to a particular beat on each
channel and takes the average activation time across all channels as the global
reference for that beat.

[0068] Clustering temporal blocks of data segmented based on some global

reference can be very sensitive to the choice of reference. Any errors in references
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can introduce errors by making similar signal look different due to an offset in
references. This limitation, however, can be overcome by incorporating an iterative
refinement of the fiducial reference for each beat as resultant segments are
clustered into groups. Therefore, the processing system 32 is configured to estimate
an initial reference point for each beat, or instance of physiological activity, and
iteratively or dynamically refine the reference point while clustering the segmented
beats into groups using the data stream of sensed activation signals from the
plurality of mapping electrodes 24 independent of determining onset times for the
sensed activation signals.

[0069] The processing system 32 determines an initial reference point or
location for each heart beat. In one example, the processing system 32 calculates
the root mean square (RMS) of the data stream activations signals across all
electrodes 24 and identifies the peaks in the RMS data stream. The initial reference
point acts as a starting point or initial estimate which the processing system 32 can
use to segment the data stream into consecutive reference segments that represent
individual heart beats. The processing system 32 initializes two groups or clusters of
blocks, a first group or Current Group (CurrGr) and a second group or an
Unclassified Group (UG). The processing system populates CurrGr with all of the
initial segmented blocks and iteratively shrinks the number of blocks in the cluster
according to a predetermined set criteria or threshold established manually by a user
or automatically by the processing system 32. One of the predetermined criteria
could be based on a comparison with a characteristic representation or template
block for that group. The template block can be formed by taking an average of all
blocks in CurrGr. If any block does not meet the criteria (of certain level of similarity
with the template block), it is placed into the UG cluster. As previously described,
the processing system dynamically refines the reference points of each segmented
block. This can be achieved by dynamically or iteratively adjusting the predetermined
criteria based on inclusivity and/or exclusivity of blocks in the CurrGr cluster. After
each iteration of shrinking the CurrGr cluster, the template block is updated based on
the remaining blocks in the CurrGr cluster. This is followed by a growing iteration in
which signal blocks in the UG cluster that meet the similarity criteria with the newly
updated template block are repopulated back into the CurrGr cluster. The shrinking
and growing iterations are repeated until CurrGr and UG clusters have stabilized or
reached a steady state condition in which no blocks in CurrGr are below the current
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threshold of similarity with the template block and no blocks in UG exceed the
current threshold of dissimilarity with the template block.

[0070] In some embodiments, the processing system can be configured to
compare each segmented block (based on the corresponding initial reference) and
corresponding plurality of “shifted” segment blocks based on a plurality of candidate
references to a characteristic representation of CurrGr (or the template). The
reference candidates are references that are temporally shifted in both directions
from the initial references to determine the optimal reference for each segmented
block. For example, if a maximum lag value L is chosen for the number of time steps
preceding and following the corresponding initial references, then there will be 2L
shifted block candidates plus the initial reference resulting in a total of 2L+1 total
number of segmented blocks compared to the characteristic representation. If one of
the shifted candidates yields a higher degree of similarity to the characteristic
representation, then the initial reference of the corresponding segmented block is
updated by the reference of the best matching block and thus temporally shifting the
resultant segmented block accordingly.

[0071] The processing system 32 can determine an initial characteristic
representation (ICR) of the CurrGr cluster based on the determined initial references
for each of the segmented blocks. For example, the characteristic representation can
be an averaged reference of the segmented blocks in CurrGr, i.e. the processing
system aligns the reference segments and determines an average of all of the
segmented blocks since they are all initially assigned to CurrGr. An average or mean
is one example of a characteristic representation while other characteristic
representation are also contemplated, such as a standard deviation, a
maximum/minimum, frequency domain representations, and the like.

[0072] The processing system also determines all of the potential references
that correspond to each initial reference based on a selected maximum lag L which
can be manually selected or automatically selected by the processing system based
on a priori training data or knowledge. The processing system compares the 2L+1
references (i.e. both the initial reference and reference candidates) for each block of
the data stream to the initial characteristic representation (ICR) via a similarity
algorithm such as a cross-correlation or any other suitable similarity measure or
index such as a distance measure or the like. If none of the calculated similarity
indices corresponding to segmented block meets a preselected or predetermined
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threshold, the block is reclassified into the UG cluster. If more than one of the 2L+1
references meets or exceeds the threshold, the processing system determines which
references has the highest or maximum degree of similarity to the ICR. If the initial
reference is determined to be most similar to the ICR, then the corresponding block
remains classified in CurrGr and the ICR remains unchanged. If one of the reference
candidates is determined to have the highest degree of similarity to the ICR, then the
corresponding segmented block (based on the initial reference) is replaced with a
temporally shifted segmented block which is shifted based on the temporal
relationship of the reference candidate to the initial reference, e.g. if the reference
candidate is shifted 2 time steps proceeding the initial reference, then the segmented
block is shifted 2 time steps proceeding the initial segmented block. In other words,
the reference corresponding to the segmented block is updated with the optimal
reference candidate, whether it is the initial reference or one of the reference
candidates. Furthermore, the ICR is updated based on the replaced or temporally
shifted block of segmented data stream, i.e. the initial segmented block is replaced
with the updated segmented block and the characteristic representation is
recalculated to include the updated or shifted block, and is no labeled the updated
characteristic representation (UCR).

[0073] The shrinking process is repeated for each of the segmented block in
the CurrGR cluster are until an optimal reference candidate is determined for each
segmented block from the data stream of activation signals and until each
segmented block that has no candidates (i.e. initial reference and reference
candidates) that meet the threshold is re-classified into the UG cluster. It should be
noted that the CurrGr cluster may in fact not actually shrink if at least one candidate
meets or exceeds the threshold. However, the ICR may be updated if one of those
candidates is a reference candidate that replaces the corresponding initial reference.
Similarly, the CurrGr cluster may shrink because candidates (both the initial
reference and the reference candidates) of at least one segmented block does not
meet the threshold while the ICR remains the same or not updated because for each
block that meets or exceeds the threshold it is the initial reference that is the optimal
reference candidate. Another scenario may include a CurrGr which does not shrink
and an ICR which is not updated.

[0074] In the case where CurrGr does shrink and the ICR is updated to the
UCR, the shrinking process is followed by a growing process in which the processing
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system 32 is configured to compare the candidates of each of the segmented block
in UG cluster to the UCR. The processing system determines the reference
candidates for each segmented block in the UG cluster and compares the 2L+1
candidates to the UCR based on a similarity index or the like. Similarly to the
shrinking process, if any of the candidates meet the threshold of the similarity index,
the corresponding block is reclassified back into the CurrGr cluster based on the
UCR. In addition, if the candidate with the maximum similarity to the UCR is one of
the reference candidates rather than the initial reference, the initial reference is
replaced with the max. similarity reference candidate, the segmentation of the
corresponding block is shifted accord to the temporal location of the reference
candidate relative to the initial candidate, and the UCR is updated based on the
temporally shifted block. The growing and shrinking processes are repeated until the
CurrGr and the UG clusters have stabilized or reached steady state, i.e. no more
segmented block can be re-classified and the ICR or UCR can no longer be updated.
[0075] Once steady state is achieved, the processing system 32 labels the
CurrGr cluster as a clustered group, e.g. a first cluster, and is parked aside. Any
remaining blocks unclassified blocks in the UG cluster are assigned to a newly
initialized CurrGr and the UG cluster is set to empty. The processing system repeats
the process of determining an ICR for the new CurrGr cluster and performing the
shrinking and growing processes until steady state between the new CurrGr and the
UG clusters is achieved. At which point, the CurrGr is labeled as a subsequent
clustered group, e.g. a second cluster, and the remaining unclassified blocks in the
UG cluster are assigned to a newly initialized CurrGr and UG is emptied.
Subsequent grouped clusters, e.g. a third cluster, fourth cluster, fifth cluster, etc., are
determined until there remains no unclassified segmented block in the UG cluster. It
should be noted that in some instances some of the clustered groups may include
only one segmented block and in other instances some of the segmented blocks
may not be classifiable into a cluster.

[0076] In some embodiments, the processing system 32 is configured to
identify the heart beats (or other physiological instance), i.e. segment the data
stream of activation signals according to subsequent heart beats, in selected
individual channels of mapping electrodes 24 or a subset of mapping electrodes
which pertain to sub-region of the anatomical structure which exhibits a higher
prevalence of similar heart beat types or heart beat patterns. Sub-regions of the
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heart may exhibit a higher prevalence of similar heart beat patterns or types
pertaining to a core of a rotor or foci of aberrant activity related to a fibrillation.

[0077] In some embodiments, the system 10 may include a user interface in
which a user can input parameters such as the maximum lag L, a threshold value,
the comparison algorithm used to determine a similarity index or measure, the type
of characteristic representation used to represent the CurrGr cluster, and the like.
After the processing system 32 has finished clustering the segmented blocks into at
least one clustered group or into various clustered groups and the optimal reference
for each heart beat (or other physiological instance) is determined, the processing
system can display on the display device 40 a summary plot or a summary of the
clustered groups, their corresponding ICR or UCR, unclassifiable segmented blocks,
prevalent or common patterns,

[0078] In some embodiments, the processing system 32 can identify the most
prevalent patterns. For example, a user may instruct the system 10 to display the top
M most common or prevalent patterns on the display 40 and the processing system
will identify which M clustered groups have the most segmented blocks, e.g. heart
beats, classified to the corresponding cluster and display to the user via the display
device 40.

[0079] In another embodiment, the user may instruct the system 10 via a user
interface to display a measure of variability in each clustered group. The processing
system 32 can determine a measure of variability for each clustered group or a
selected clustered group. The processing system is also configured to break up a
clustered group into sub-groups for further evaluation based on the determined
measure of variability.

[0080] In another embodiment, the processing system 32 is configured to
determine a measure of variability of the unclassified segmented blocks or heart
beats and display the variability on the display device 40. The determined measure
of variability may be related to the randomness of the data set of activation signals
and can be a useful quantification for developing a diagnosis for the heart or other
anatomical structure.

[0081] FIGS. 6A and 6B illustrate two identified optimized clusters with a
prevalence measure of 34% and 7%, respectively. The optimized clusters are related
to prevalent patters in the data stream of activation signals. The plots illustrated in
both FIGS. 6A and 6B are based on the same data set used to generate FIG 4. As
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illustrated in FIG. 4, the same identified patterns exhibit a prevalence of 40.6977%
and 6.2016%. The discrepancies in pattern identification and associated prevalence
in the various embodiments can be used in concert to further identify or eliminate
target regions in the anatomical structure for therapy.

[0082] Various modifications and additions can be made to the exemplary
embodiments discussed without departing from the scope of the present invention.
For example, while the embodiments described above refer to particular features,
the scope of this invention also includes embodiments having different combinations
of features and embodiments that do not include all of the described features.
Accordingly, the scope of the present invention is intended to embrace all such
alternatives, modifications, and variations as fall within the scope of the claims,

together with all equivalents thereof.
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CLAIMS

We claim:
1. A method for mapping an anatomical structure, the method comprising:

sensing activation signals of physiological activity with a plurality of mapping
electrodes disposed in or near the anatomical structure, each of the
plurality of mapping electrodes having an electrode location;

identifying patterns among the sensed activation signals representing
activation propagation;

generating a similarity measure between each unique pair of identified
patterns; and

classifying the patterns into groups based on the similarity measure.

2. The method according to claim 1, further including:

determining a characteristic representation for each group; and

displaying a summary plot based on the characteristic representation for each

group.

3. The method according to claim 2, wherein the characteristic representation
includes at least one of a mean, variance, covariance, standard deviation, median,

and prevalence.

4. The method according to any claim of claims 1-3, wherein identifying patterns
further includes generating a pattern map for each sensed activation signal, each
pattern map having at least one of a vector field map that represents a direction and
magnitude of activation signal propagation, a voltage propagation map that
represents a direction and magnitude of voltage propagation, a phase propagation
map that represents a direction and magnitude of phase propagation, and an action
potential duration map that represents a duration of an action potential.

5. The method according to any claim of claims 1-4, wherein the patterns
classified into groups are compared with at least one pattern template for each of the

groups.
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6. The method according to any claim of claims 1-5, wherein identifying patterns
further includes:
identifying unclassifiable patterns that are not classifiable into any groups of
similar patterns; and

determining a measure of randomness based on the unclassifiable patterns.

7. The method according to any claim of claims 1-6, wherein generating the
similarity measure further includes generating a similarity matrix including the
patterns, each entry of the similarity matrix representing the similarity measure for
each unique pair of identified patterns generated based on a correlation of the
corresponding patterns.

8. The method according to any claim of claims 1-7, wherein classifying the
patterns further includes:

determining a correlation coefficient for each unique pair of patterns; and

classifying the patterns into distinct groups based on a percentage of patterns
among each group having a particular correlation coefficient.

9. A method for mapping cardiac tissue, comprising:

sensing activation signals of cardiac activity with a plurality of mapping
electrodes disposed in or near the cardiac tissue, each of the plurality
of mapping electrodes having an electrode location;

identifying patterns among the sensed activation signals;

generating a similarity measure between each of unique pairs of identified
patterns;

classifying the patterns into groups based on similarity measure;
determining a characteristic representation for each group of the groups; and

displaying a summary plot of one or more characteristic representations.
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10.  The method according to claim 9, wherein the characteristic representation
includes at least one of a mean, variance, covariance, standard deviation, median,

and a prevalence of the pattern.

11.  The method according to any claim of claims 9 and 10, further comprising
generating a plurality of pattern maps for each activation signal, each pattern map
having at least one of a vector field map which represents a direction and a
magnitude of an activation signal propagation, a voltage propagation map which
representation a direction and a magnitude of voltage propagation, a phase
propagation map which represents a direction and a magnitude of phase
propagation, and an action potential duration map which represents a duration of an
action potential.

12. The method according to claim 11, wherein generating the plurality of pattern

maps further includes:
identifying unclassifiable pattern maps that are not classifiable into any groups

of similar patterns; and

determining a measure of randomness based on the unclassifiable pattern

maps.

13.  The method according to any claim of claims 9-12, wherein generating the
similarity measure further comprises generating a similarity matrix including the
patterns, each entry of the similarity matrix representing the similarity measure for
each unique pair of identified patterns generated based on a correlation of the
corresponding patterns.

14.  The method according to any claim of claims 9-13, wherein classifying the
patterns further comprises:

determining a correlation coefficient for each unique pair of patterns; and

classifying the patterns into distinct groups based on a percentage of patterns
among each group having a particular correlation coefficient.

15.  An anatomical mapping system comprising:
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a plurality of mapping electrodes disposed in or near an anatomical structure
configured to detect activation signals of physiological activity, each of

the plurality of mapping electrodes having an electrode location; and

a processing system associated with the plurality of mapping electrodes, the
processing system configured to record the detected activation signals
and associate one of the plurality of mapping electrodes with each
recorded activation signal, the processing system further configured to
determine a dominant frequency at each electrode location, and
determine a wavefront vector at each electrode location based on a
difference between the dominant frequency at a first electrode location
and the dominant frequency at neighboring electrode locations.

16. The anatomical mapping system according to claim 15, wherein the
processing system is further configured to determine a characteristic representation
of one or more similarity measures, and display a summary plot of the characteristic

representations.

17.  The anatomical mapping system according to any claim of claims 15 and 16,
wherein the processing system is further configured to generate a plurality of pattern
maps, and wherein, to generate the plurality of pattern maps, the processing system
is further configured to generate a pattern map for each sensed activation signal,
each pattern map having at least one of a vector field map comprising of wavefront
vector at each electrode location.

18. The anatomical mapping system according to claim 17, wherein generating
the plurality of pattern maps includes identifying unclassifiable pattern maps that are
not classifiable into any groups of similar patterns and determining a measure of
randomness based on the unclassifiable pattern maps.

19. The anatomical mapping system according to any claim of claims 15-18,
wherein the processing system is further configured to generate a similarity measure
based on each unique pair of identified patterns generated, which are based on a
correlation of the corresponding patterns.
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20. The anatomical mapping system according to claim 19, wherein the similarity

measure is a correlation coefficient between each unique pair of pattern maps.

21.  The anatomical mapping system according to any claim of claims 15-20,

further comprising classifying patterns into distinct groups based on a percentage of

patterns within each group having a particular similarity measure.

22. A method for mapping an anatomical structure, the method comprising:
sensing activation signals of physiological activity with a plurality of mapping

electrodes disposed in or near the anatomical structure;

determining a reference location and a corresponding segmented block for
each instance of the physiological activity in the sensed activation
signals; and

iteratively classifying segmented blocks into groups and simultaneously
refining the reference location used for the segmented block.
23. The method according to claim 22, further comprising:

determining a characteristic representation for each group; and
displaying a summary plot of the characteristic representations.

24.  The method according to any claim of claims 22 and 23, wherein iteratively

classifying the segmented blocks into groups further comprises, iteratively:
initializing a first and a second cluster, wherein the first cluster includes

segmented blocks and the second cluster is empty;

determining a characteristic representation of the segmented blocks in the

first and second clusters;

populating the second cluster with segmented blocks from the first cluster that
do not meet a similarity measure threshold between each reference

segment and the characteristic representation;

updating the characteristic representation based on remaining segmented

blocks; and
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populating the first cluster with segmented blocks from the first cluster that
meet the updated similarity measure threshold between each
segmented block and the updated characteristic representation.

25. The method according to claim 24, further comprising:

repeating the steps of populating the first and second clusters and updating
the characteristic representation until the second cluster cannot be
populated with segmented blocks from the first cluster and the first
cluster cannot be populated with segmented blocks from the second

cluster; and

labeling the first cluster as a new optimized cluster, wherein the segmented
blocks in the optimized cluster are identified as optimal segmented
blocks for each corresponding instance of physiological activity.

26. The method according to claim 24, further comprising:
initializing a new first cluster, wherein the new first cluster includes remaining

segmented blocks from the second cluster;

initializing a new second cluster, wherein the new second cluster is empty;

and

repeating the steps of populating the clusters, updating the characteristic
representation, labeling new optimized clusters, and initializing new

clusters until optimized clusters cannot be labeled.

27. The method according to claim 24, wherein the optimal segmented blocks are
identified independent of determining activation times for the sensed activation
signals.

28. The method according to claim 23, wherein the characteristic representation
is a mean of the corresponding segmented blocks.

29. The method according to any claim of claims 22-28, further comprising:

determining a plurality of segmented block candidates corresponding to a

plurality of determined reference locations;
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determining an optimal segmented block for each reference location based on
maximizing a similarity measure between the segmented block

candidates and the corresponding characteristic representation;

updating the reference location based on the reference location
corresponding to the optimal segmented block to obtain an updated

reference location; and
updating the segmented block based on the updated reference location.

30. The method according to claim 29, wherein determining a plurality of
segmented block candidates further comprises:

determining a minimum reference location and maximum reference location
based on a maximum lag value from a current reference location with

equally spaced time steps therebetween; and

defining a segmented block candidate at each time step based on a
corresponding segmented block, wherein each segmented block
candidate is temporally shifted from the reference location based on
the corresponding time step.

31.  The method according to claim 29, wherein each optimal segmented block is
determined based on a comparison of each corresponding segmented block
candidate to the characteristic representation.
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