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(57) ABSTRACT 

A system for visually indicating, in real time or post hoc, 
values of a physical property detected over a period of time 
along a dimension of an organism to a user on a temporal plot 
and a profile plot, either individually or concurrently. The 
detected values may be visually indicated on the temporal 
plot using any of a variety of techniques, including, but not 
limited to, a contour technique, a line trace technique or a 
mesh plot technique. Further, the detected values may be 
visually indicated on the profile plot using any of a variety of 
techniques, including, but not limited to a contour technique, 
a line trace technique or a histogram technique. To provide a 
finer spatial resolution, values may be interpolated for loca 
tions between the locations at which values were detected, 
and these values may be displayed on the temporal plot and 
the profile plot. 
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01 awarded by National Institutes of Health. 

BACKGROUND 

0003. The esophagus is a tubular organ that carries food 
and liquid from the throat to the stomach. The interior surface 
of the esophagus contains muscles that rhythmatically con 
tract whenever a person Swallows. This contraction generally 
occurs as a Sweeping wave carrying food down the esophagus 
to the stomach. This Sweeping wave of contraction is typi 
cally referred to as peristalsis. An upper esophageal sphincter 
(UES) is located at an upper end of the esophagus. The UES 
is a muscle that serves as a valve between the esophagus and 
the pharynx from which the esophagus receives food and 
liquid when Swallowing. 
0004. The lower esophageal sphincter (LES) is located at 
a lower end of the esophagus. The LES is a muscle that serves 
as a valve between the esophagus and the stomach. The LES 
protects the lower esophagus from stomach acid and bile, 
which cause the discomfort of heartburn and in time can 
damage or scar the esophagus. 
0005. The diaphragm is a muscular membrane that assists 

is respiration and intersects the upper Gastrointestinal (GI) 
tract at an approximate rightangle, typically within the length 
of the LES, creating a pressure inversion point (PIP), which is 
often referred to as the respiratory inversion point (RIP). As 
used herein, an “upper GI tract' includes at least the UES, 
esophagus, LES and at least portions of the pharynx and 
stomach. The PIP is named as such because it is a point along 
the length of the upper GI tract (typically within, but some 
times proximate to, the LES) where the muscular pressure in 
response to respiration inverts. Above the PIP. pressure 
increases during inhalation and decreases during exhalation. 
In contrast, below the PIP, the pressure decreases during 
inhalation and increases during exhalation. A hiatal hernia 
occurs if the PIP (i.e., the intersection of the diaphragm and 
the LES) is not within the LES, but is located below the LES 
within the upper regions of the stomach 
0006. Manometry is the recording of muscle pressures 
within an organ. Esophageal manometry measures the mus 
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cular pressure exerted along the upper GI tract, for example, 
during peristalsis. Esophageal manometry is used to evaluate 
the contraction function of the upper GI tract in many situa 
tions (e.g., breathing, Swallowing food, Swallowing liquid, 
drinking, coughing, etc.) and can be useful for diagnosing 
symptoms that originate in the esophagus, for example, dif 
ficulty in Swallowing food or liquid, heartburn, and chest pain 
to determine the cause of the symptoms, for example, dys 
phasia or echolalia. 
0007. A variety of esophageal manometry systems have 
been used to study pressure along the upper GI tract. Such 
systems typically include a probe that is inserted into the 
upper GI tract and one or more pressure sensors that detect 
pressure from different locations within the upper GI tract. 
One type of a probe is a catheter. An esophageal manometry 
system that has a catheter as a probe is a referred to herein as 
a catheter-based esophageal manometry system. Types of 
catheter-based esophageal manometry systems include Solid 
state systems and water perfuse systems. In water perfuse 
systems, pressure sensors are located external to the catheter. 
Each pressure sensor has a corresponding tube that extends 
into the catheter and pumps fluid (e.g., water) at Some longi 
tudinal location of the catheter against the interior Surfaces of 
the GI tract. The pressure resulting from the impact of the 
fluid against the interior surface is transmitted via the fluid 
through the tube to the pressure sensor, where it is detected. In 
contrast, Solid state systems do not use fluids, and each sens 
ing element is attached to or embedded within the catheter 
and detects pressure locally at the point of impact with the 
interior surface of the upper GI tract. Each sensor transmits its 
detected values out of the catheter using an electronic or 
optical signal. 
0008 Existing solid state, catheter-based, esophageal 
manometry systems typically include only four to eight sen 
sors that detect pressure values during a given temporal inter 
val. Such sensors typically are located several centimeters 
(i.e., more than three centimeters) apart from one another. 
Such systems may include an application that displays the 
detected values as line trace plots to a user. The low spatial 
resolution of the sensors in Such systems results in a low 
spatial resolution of information being detected and dis 
played to the user for any given temporal interval. To increase 
the spatial resolution of detected values in Such systems, the 
catheter may be moved Such that the sensors detect values at 
other locations, for example, locations between the previous 
locations of the sensors. These latter detected values, how 
ever, are detected during different temporal intervals than 
previous values, so the user still is not provided spatially 
dense information during a single temporal interval. 
0009 Water perfuse catheter-based systems are described 
in “Topography of the esophageal peristaltic pressure wave.” 
by R. Clouse, American Journal of Physiology, 1991; 261 
(Gastrointest Liver Physio 24): G677-G684, and in “Topo 
graphic Imaging of Esophageal Manometric Signals. R. 
Clouse, (Motility 1999; 48: 11-13), and have been made 
available from Medical Measurement Systems, b.v. of Swe 
den). Water perfuse catheter-based system may include a 
catheter and up to twenty one tubes where each tube has an 
opening on its side at a different longitudinal location along 
the catheter from which it releases water. The resulting pres 
Sure from tissue contact at each release site is then transmitted 
through the water in the tube to a corresponding sensor. Each 
tube opening is spaced approximately one centimeter apart 
from a nearest other tube along the longitudinal axis of the 
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catheter. Thus, a water perfuse catheter-based system may 
have a higher spatial resolution than existing solid state, cath 
eter-based esophageal manometry systems. 
0010. An esophageal manometry system may include or 
be accompanied with an application that visually indicates 
the values detected by the sensors to a user, and may be 
capable of visually indicating the values detected by the sen 
Sorona temporal plot in real time using a line trace technique. 
As used herein, a “temporal plot' is a plot having a temporal 
axis, where, for each of a plurality of temporal intervals, 
values detected during the temporal interval are visually indi 
cated at a temporal position relative to the temporal axis that 
corresponds to the temporal interval. The values detected 
during different temporal intervals are visually indicated con 
currently. A temporal plot is useful to concurrently illustrate 
values of a physical property detected at one or more loca 
tions over time. 
0011. As used herein, a value detected for a physical prop 
erty is visually indicated “in real time' if the duration of time 
between the time at which the value was detected and the time 
at which the value is initially visually indicated is short 
enough relative to the rate at which the physical property 
changes such that the visually indicated value may be con 
sidered the current value of the physical property at the time 
of its initial visual indication. Such visually indicated value 
may be considered the current value because, even if the 
physical property has changed during the time between its 
detection and its initial visual indication, the rate of change is 
slow enough such that the amount of change is tolerable in the 
context in which the value is being used. 
0012. Thus, in the context of esophageal manometry, a 
detected pressure value at a location in the esophagus is 
visually indicated “in real time' if the duration of time 
between the time at which the pressure value was detected 
and the time at which the value is initially visually indicated 
is short enough relative to the rate at which the pressure 
changes in the esophagus Such that the visually indicated 
pressure value at the time of its initial visual indication is 
considered the current value of pressure at the location. 
0013 As used herein, a “line tracing technique' of visu 
ally indicating values detected at different locations over time 
on a temporal plot means, for each location, visually indicat 
ing a baseline for the location, the baseline running parallel to 
the temporal axis. The value detected at the location during 
each temporal interval is represented as an offset from the 
baseline at a temporal position relative to the temporal axis 
that corresponds to the temporal interval. The amount of the 
offset corresponds to the detected value. Each visually indi 
cated value detected at the location is connected by a continu 
ous line, which, depending on the detected values, may be a 
straight line or a curved line. 
0014 Some such software applications also concurrently 
visually indicate detected values on a temporal plot and a 
profile plot, but not in real time (i.e., posthoc). As used herein, 
visually indicating detected values "post hoc' means not 
visually indicating the detected values in real time. Typically, 
the detected values are first recorded and then the recorded 
values are extracted by a program that visually indicates the 
values on the temporal plot and the profile plot, concurrently. 
As used herein, a “profile plot' is a plot that has a spatial axis, 
where, for each of a plurality of temporal intervals, for each 
value detected. At a different location along a dimension (i.e., 
a spatial dimension) from a reference point during the tem 
poral interval, the value is visually indicated at a spatial 
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position relative to the spatial axis. The spatial position cor 
responds to the location at which the value was detected. At 
any given time, only values detected during a single temporal 
interval are visually indicated on the profile plot. 
0015 The temporal plot on known systems that visually 
indicate values post hoc may use a line tracing technique or a 
contour technique. As used herein, displaying values of a 
physical property detected by sensors located at different 
locations along a dimension of an organism over time on a 
temporal plot using a contour technique means the following. 
For each of a plurality of temporal intervals of the period, for 
each of a plurality of the sensors, a value of the physical 
property detected by the sensor during the temporal interval is 
visually indicated at a coordinate of the temporal plot. The 
temporal plot has a temporal axis representing time and a 
spatial axis, oriented orthogonally to the temporal axis, rep 
resenting the dimension. The value is visually indicated at the 
coordinate using a tone (i.e., a color or grayscale value) cor 
responding to the value, and the coordinate has a spatial 
position relative to the spatial axis that corresponds to the 
location of the sensor and has a temporal position relative to 
the temporal axis that corresponds to the temporal interval. 
0016. The contour technique employed by known systems 
for visually indicating detected values on a temporal plot is 
static in that the positions of the detected values displayed on 
the temporal plot do not change and the temporal intervals 
displayed on the temporal plot remain fixed as the user views 
the temporal plot. 
0017. Accordingly, for such a static temporal plot visually 
indicated post hoc along with a profile plot, even if the profile 
plot changes with time to display values from different tem 
poral intervals, there is no correlation to the values being 
visually indicated on the profile plot and the visual indication 
of detected values on the temporal plot. 
0018. Further, in such known systems when values are 
visually indicated on a temporal plot and a profile plot, con 
currently, post hoc, the temporal axis of the temporal plot is 
oriented vertically on the image presented to the user and the 
spatial axis of the temporal plot and the profile plot are ori 
ented horizontally on the image presented to the user. 
0019. Further, although known esophageal manometry 
systems visually indicate detected values on a profile plot post 
hoc, such systems do not visually indicate detected values on 
a profile plot in real time. 

SUMMARY 

0020. One problem with known manometry systems is 
that, for real time visual indication of values detected over a 
period of time to a user on a temporal plot, such systems are 
limited to visually indicating the values using a line-trace 
technique. A drawback to visually indicating values on a 
temporal plot using a line trace technique (e.g., see FIG. 11, 
Item 1002) is that as the number of locations for which values 
are visually indicated grows, the more confusing the plot 
becomes to a user. Typically, to limit this confusion, values 
detected from only a limited number of locations over time 
are visually indicated. This limited number of locations limits 
the density of the spatial resolution of the visually indicated 
values along the spatial axis. Unfortunately, when limiting the 
number of locations for which values are visually indicated, 
the number of locations for which values are not visually 
indicated grows as well as the number of locations grow. As a 
result, a user may be provided with relatively sparse informa 
tion about the values of a physical property detected along a 
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dimension within the GI tract over time although more infor 
mation is available. For example, if the user is a doctor exam 
ining the upper GI tract of a patient, the doctor may be limited 
in his/her ability to determine the condition of the patient's 
upper GI tract over time while the values are being detected 
within the GI tract because not all of the available information 
is made available to the doctor. 
0021. Thus, an improved technique is needed for visually 
indicating to a user, on a temporal plot in real time, values 
detected over a period of time along a dimension of an organ 
ism, where the visual indication of Such values has a higher 
spatial resolution than that produced using a line tracing 
technique. 
0022. Accordingly, in an aspect of the invention, a system 

for, and method of visually indicating, in real time, values of 
a physical property detected over a period of time along a 
dimension of an organism (e.g., along the length of an upper 
GI tract) to a user on a temporal plot using a contour technique 
are provided. To provide a finer spatial resolution, values may 
be interpolated for locations between the locations at which 
values were detected, and these values may be displayed on 
the temporal plot as well. 
0023. Another problem with know manometry systems is 

that, although some of Such systems visually indicate values 
detected over time to a user concurrently on a temporal plot 
and profile plot, post hoc, no such systems visually indicate 
the values to the user concurrently on a temporal plot and 
profile plot in real time. Thus, a user (e.g., a physician) must 
wait until after the values have been persisted to view the 
detected values on a temporal plot and a profile plot concur 
rently. Not being able to view the detected values in real time 
prevents a user from being able to analyze the detected values 
and possibly diagnose the condition of an upper GI tract from 
which the values were detected. Further, not being able to 
view the detected values in real time may prevent the user 
from making adjustments in the position of the sensors 
detecting the values as the values are being detected. 
0024. Accordingly, in another aspect of the invention, a 
system for, and method of visually indicating, in real time, 
values of a physical property detected over a period of time 
along a dimension of an organism (e.g., along the length of an 
upper GI tract) to a user on a temporal plot and a profile plot, 
concurrently are provided. In this aspect, the detected values 
may be visually indicated on the temporal plot using any of a 
variety of techniques, including, but not limited to, a contour 
technique, a line trace technique or a mesh plot technique. 
Further, in this aspect, the detected values may be visually 
indicated on the profile plot using any of a variety of tech 
niques, including, but not limited to a contour technique, a 
line trace technique or a histogram technique. 
0025. Another problem with known manometry systems 

is that, although some of Such systems can visually indicate 
values detected over a period of time to a user, post hoc, on a 
temporal plot using a contour technique and on a profile plot, 
concurrently, the temporal axis of the contour plot is vertical 
and the spatial axes of both plots is horizontal. This orienta 
tion of axes is counter-intuitive to a user, as typically the 
temporal of a temporal plot is horizontal. 
0026. Accordingly, in another aspect of the invention, a 
system for, and method of visually indicating, in real time or 
post hoc, values of a physical property detected over a period 
of time along a dimension of an organism (e.g., along the 
length of an upper GI tract) to a user on a profile plot and on 
a temporal plot having a horizontally-aligned temporal axis 
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(with respect to the user) using a contour technique, concur 
rently, are provided. In a feature of this aspect, the spatial axes 
of both plots may be vertically aligned. In this aspect, the 
detected values may be visually indicated on the profile plot 
using any of a variety of techniques, including any of those 
techniques described herein. 
0027. Another drawback with known esophageal manom 
etry systems is that none of Such systems have the ability to 
visually indicate, in real time, values detected over a period of 
time on a profile plot. 
0028. Accordingly, in another aspect of the invention, a 
system for, and method of visually indicating, in real time or 
post hoc, values of a physical property detected over a period 
time along a dimension of an organism (e.g., along the length 
of an upper GI tract) to a user on a profile plot are provided. 
0029. Another problem with known esophageal manom 
etry systems is that none of Such systems have the ability to 
visually indicate values detected over a period of time on a 
profile plot using a contour technique, as known systems are 
typically limited to displaying detected values on a profile 
plot using a line tracing technique. 
0030. Accordingly, in yet another aspect of the invention, 
a system for, and method of visually indicating, in real time 
or post hoc, values of a physical property detected over a 
period of time along a dimension of an organism (e.g., an 
upper GI tract) to a user on a profile plot using a contour 
technique are provided. 
0031. Another drawback to known esophageal manom 
etry systems is that, although Such systems may be capable of 
visually indicating values detected over a period of time on a 
plot, no such systems are capable of toggling between a first 
technique for visually indicating the detected values on the 
plot and a second technique for visually indicating the values 
on the plot. Such plot may be a temporal plot or a profile plot, 
and for either type of plot, the toggle techniques may be any 
of a variety of techniques for visually indicating values 
detected over a period of time, including any of those tech 
niques described herein. Accordingly, after the visual indica 
tion of the values detected over a period of time has begun, the 
user does not have the ability to change the technique being 
used to display the detected values. 
0032. Accordingly, in another aspect of the invention, a 
system for, and method of, toggling between a plurality of 
techniques for visually indicating, in real time or post hoc, 
values of a physical property detected over a period of time 
along a dimension of an organism (e.g., along the length of an 
upper GI tract) to a user on a plot (e.g., a temporal plot or 
profile plot) are provided. 
0033. Another drawback to known esophageal manom 
etry systems is that, although some of Such systems visually 
indicate values detected over a period or time to a user, Such 
systems do not indicate to the user the location at which the 
values were detected with respect to an anatomical landmark, 
for example, a UES, LES, upper margin of an LES, lower 
margin of an LES or a PIP. Not knowing the location of 
anatomical landmarks with respect to the locations of 
detected values may limit a user's ability to determine con 
ditions along the upper GI tract, and to diagnose any symp 
toms relating to the upper GI tract. 
0034. Accordingly, in another aspect of the invention, a 
system for, and method of determining the locations of one or 
more anatomical landmark identifiers along a dimension of 
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an organism (e.g., along the length of an upper GI tract) based 
on values of a physical property detected along the dimension 
over time are provided. 
0035. In another aspect, a system for, and method of visu 
ally indicating the location of one or more landmark identi 
fiers on a temporal plot and/or a temporal plot are provided. 
0036. In yet another aspect of the invention, a system for, 
and method of visually indicating an anatomical image on a 
profile plot concurrently to visually indicating values 
detected over a period of time along a dimension of an organ 
ism are provided. In a feature of this aspect, the anatomical 
image is configured based on the locations of one or more 
landmark identifiers. 
0037. In another aspect of the invention, if values detected 
from only a Subset of the sensors are being visually indicated, 
a system for, and method of determining for which sensors 
values are to be visually indicated based on one or more 
distances specified relative to one or more anatomical land 
marks are provided. 
0038 Another drawback with known esophageal manom 
etry systems is that no such systems visually indicate values 
detected over a period of time on both a first temporal plot and 
a second temporal plot, concurrently. For example, such sys 
tems do not visually indicate detected values on a first plot 
using a first technique concurrently to visually indicating the 
detected values on a second plot using a second technique. 
Accordingly, if each technique provides different information 
that is useful to a user, the user is deprived of having all of the 
available information concurrently. 
0039. In yet another aspect of the invention, a system for, 
and method of visually indicating values of a physical prop 
erty detected over a period of time along a dimension of an 
organism (e.g., along the length of an upper GI tract) on a first 
temporal plot and a second temporal plot, concurrently, are 
provided. In a feature of this aspect, the first temporal plot 
may use a different technique for visually indicating the 
detected values than the second temporal plot. Either plot 
may use any of a variety oftechniques, for example, any of the 
techniques disclosed herein. Further, Such concurrent visual 
indication may be in real time or post hoc. In another feature 
of this embodiment, one of the temporal plots may be scaled 
down and Superimposed on the other plot. In yet another 
feature of this aspect, a user may be provided the ability to 
toggle between visually indicating the values on only one 
temporal plot and visually indicating the values on two tem 
poral plots, concurrently. In another feature of this aspect, 
values detected over a period of time are visually indicated to 
a user on a first temporal plot, a second temporal plot and a 
profile plot, concurrently. 
0040. In another aspect of the invention, to accommodate 
for sensors that fail to detect values during one or more spatial 
intervals, a system for, and method of interpolating a value 
for a channel based on other values detected during the tem 
poral interval are provided. Such interpolation may be a linear 
interpolation or a non-linearinterpolation, for example, cubic 
spline interpolation. These interpolated values for sensors 
that fail to detect values may be treated as detected values by 
other elements of a system in which the detected values are 
used. 
0041. In yet another embodiment, to provide a higher spa 

tial resolution of the visual indications or values on a temporal 
plot and/or profile plot, a system for, or method of interpo 
lating values for locations along a first dimension between 
locations at which values were detected are provided. These 
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interpolated values then may be visually indicated along with 
detected values on a temporal plot and/or profile plot. 
0042. In yet another embodiment of the invention, when 
values from only a Subset of the sensors are being visually 
indicated on a plot, for example, on a temporal plot using a 
line tracing technique, a system for, and method of visually 
indicating the identity of the sensors for which values are 
being displayed are provided. For example, such visual indi 
cations may be included on the temporal plot and/or a profile 
plot. Further, Such indications may indicate a temporal plot 
and/or a profile plot. Further, Such indications may indicate a 
location along a dimension (e.g., of an organism) at which the 
sensors for which values are being visually indicated are 
located. 
0043. In yet another aspect of the invention, a system for, 
and method of visually indicating annotations on a profile 
plot and/or a temporal plot are provided. 
0044. In another aspect, a system for, and method of, nor 
malizing visually indicated values detected along a dimen 
sion of an organism based on the values detected from one of 
the sensors within the organism are provided. In a feature of 
this aspect, a user may be unable to select a sensor, and values 
detected by the sensor over time may be used to determine a 
normalizing value by which to normalize the values detected 
by a plurality of sensors. 
0045. A drawback of systems that include a plurality of 
Solid state sensors that detect values of a physical property 
detected along a dimension of an organism (e.g., along the 
length of an upper GI tract) is that the sensors are spaced apart 
at Such a distance that spatial resolution of the detected data is 
low. Accordingly, a user's ability to determine the condition 
of the upper GI tract is compromised. 
0046 Accordingly, in another aspect, a system for detect 
ing and visually indicating values of a physical property 
having a high spatial resolution along a dimension of an 
organism (e.g., along a length of an upper GI tract) is pro 
vided. For example, the system may include a plurality of 
sensors spaced in a close proximity to one or more nearest 
sensors, for example, less then three centimeters, such as less 
than two centimeters, for example, one centimeter or less. The 
values detected by these sensors over a period of time are 
transmitted to a visualization component that visually indi 
cates the detected values over time using a temporal plot, a 
profile plot, or a combination thereof. The spatial resolution 
along the first dimension of the visually indicated values may 
be made even higher by interpolating values for locations 
between the locations of one or more of the sensors from 
which values are detected. 

0047. In an embodiment of the invention, values of a 
physical property detected over a period of time are visually 
indicated to a user. The values are detected by sensors located 
at different predefined distances from a reference point along 
a spatial dimension of an organism, and the period of time 
includes a plurality of temporal intervals. For a first of the 
plurality of temporal intervals, for each of a plurality of the 
sensors, a value of the physical property detected by the 
sensor during the temporal interval is visually indicated in 
real time at a coordinate of a temporal plot, which has a 
temporal axis representing time and a spatial axis, oriented 
orthogonally to the temporal axis, representing the spatial 
dimension. The value is visually indicated using a tone cor 
responding to the value. The coordinate has a spatial position 
relative to the spatial axis that corresponds to the location of 
the sensor and has a temporal position relative to the temporal 
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axis that corresponds to the temporal interval. This act of 
visually indicating values may be repeated for a next one or 
more temporal intervals, where the values detected by the 
plurality of sensors during the one or more next temporal 
intervals and the values detected by the plurality of sensors 
during the first temporal interval are concurrently visually 
indicating to the user on the temporal plot. 
0048. This embodiment and/or aspects thereof may be 
implemented as a computer program product that includes a 
computer-readable medium and computer-readable signals 
stored on the computer-readable medium, which signals 
define appropriate instructions. These instructions, as a result 
of being executed by a computer, instruct the computer to 
perform the acts described above for this embodiment. 
0049. In another embodiment, values of a physical prop 
erty detected over a period of time by sensors located at 
different predefined distances from a reference point along a 
spatial dimension of an organism are visually indicated to a 
user. The period of time includes a plurality of temporal 
intervals. For a first of the plurality of temporal intervals, for 
each sensor of at least a Subset of a plurality of the sensors, a 
respective value of the physical property detected by the 
sensor during the temporal interval is visually indicated in 
real time on a coordinate of a temporal plot, which has a 
temporal axis representing time. The coordinate has a tem 
poral position relative to the temporal axis that corresponds to 
the temporal interval. Concurrently to visually indicating the 
values on the temporal plot, for each sensor of the plurality of 
sensors, the value of the physical property detected by the 
sensor during the temporal interval is visually indicated to the 
user in real time at a coordinate of a profile plot, which has a 
spatial axis representing the spatial dimension. The coordi 
nate has a spatial position relative to the spatial axis that 
corresponds to the location of the sensor. Visually indicating 
detected values on the temporal plot is repeated for a next one 
or more of the plurality oftemporal intervals in sequence. The 
values detected by the at least subset of the plurality of sen 
sors during the one or more next temporal intervals and the 
values detected by the at least subset of the plurality of the 
plurality of sensors during the first temporal interval are con 
currently visually indicated to the user on the temporal plot. 
Concurrently to repeating the visual indication of detected 
values on the temporal plot for a next one or more intervals, 
the values detected by the next one or more intervals are 
visually indicated on the profile plot, where the visual indi 
cation of the value detected by each of the plurality of sensors 
for a temporal interval is replaced with the visual indication of 
the value detected by the sensor during a next temporal inter 
val 

0050. This embodiment and/or aspects thereof may be 
implemented as a computer program product that includes a 
computer-readable medium and computer-readable signals 
stored on the computer-readable medium, which signals 
define appropriate instructions. These instructions, as a result 
of being executed by a computer, instruct the computer to 
perform the acts described above for this embodiment. 
0051. In yet another embodiment, provided is a method of 
visually indicating to a user values of a physical property 
detected over a period of time by sensors located at different 
predefined distances from a reference point along a spatial 
dimension of an organism, wherein the period of time 
includes a plurality of temporal intervals, the method com 
prising acts of: (A) for a first of the plurality of temporal 
intervals, for each sensor of at least a subset of a plurality of 
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the sensors, visually indicating a respective value of the 
physical property detected by the sensor during the temporal 
interval on a coordinate of a temporal plot having a temporal 
axis representing time, the coordinate having a temporal posi 
tion relative to the temporal axis that corresponds to the 
temporal interval; (B) concurrently to performing act (A), for 
each sensor of the plurality of sensors, visually indicating the 
value of the physical property detected by the sensor during 
the temporal interval to the user at a coordinate of a profile 
plot having a spatial axis representing the spatial dimension, 
the coordinate having a spatial position relative to the spatial 
axis that corresponds to the location of the sensor, and (C) 
repeating act (A) for a next one or more of the plurality of 
temporal intervals in sequence, including concurrently visu 
ally indicating to the user on the temporal plot the values 
detected by the at least subset of the plurality of the sensors 
during the one or more next temporal intervals and the values 
detected by the at least subset of the plurality of the sensors 
during the first temporal interval, and (D) concurrently to 
performing act (C), repeating act (B) for the next one or more 
temporal intervals, including, for each performance of act 
(D), replacing the visual indication of the value detected by 
each of the plurality of the sensors for a temporal interval with 
the visual indication of the value detected by the sensor dur 
ing a next temporal interval, wherein the spatial axis of the 
temporal plot and the spatial axis of the profile plot are later 
ally aligned. 
0052. This embodiment and/or aspects thereof may be 
implemented as a computer program product that includes a 
computer-readable medium and computer-readable signals 
stored on the computer-readable medium, which signals 
define appropriate instructions. These instructions, as a result 
of being executed by a computer, instruct the computer to 
perform the acts described above for this embodiment. 
0053. In another embodiment, provided is a method of 
visually indicating to a user values of a physical property 
detected over a period of time by sensors located at different 
predefined distances from a reference point along a spatial 
dimension of an organism, wherein the period of time 
includes a plurality of temporal intervals, the method com 
prising acts of: (A) using a first process to visually indicate 
values of physical properties detected by at least a subset of a 
plurality of the sensors during different temporal intervals on 
a temporal plot having a temporal axis representing time and 
a spatial axis, oriented orthogonally to the spatial axis, rep 
resenting the spatial dimension; (B) receiving a user input 
indicating to use a second process different than the first 
process to visually indicate the values; and (C) in response to 
the user input, Switching from the first process to a second 
process to visually indicate the values on the plot, wherein, 
for each of the plurality of temporal intervals, for each of the 
at least subset of the plurality of the sensors, the first process 
visually indicates the value detected by the sensor during the 
temporal interval by performing one of the following acts: (1) 
visually indicating the value at a coordinate of the plot using 
a tone corresponding to the value, the coordinate having a 
spatial position relative to the spatial axis that corresponds to 
the location of the sensor; or (2) visually indicating the value 
detected by each sensor during the temporal interval as a 
displacement from a coordinate of the temporal plot, the 
coordinate from which the visual indication of each value is 
displaced having a spatial position relative to the spatial axis 
that corresponds to the predefined distance along the spatial 
dimension to the predefined distance along the spatial dimen 
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sion at which the sensor from which the value was detected is 
located, and wherein, the second process visually indicates 
the values detected by the sensors by performing whichever 
of acts (1) and (2) are not performed by the first process. 
0054. This embodiment and/or aspects thereof may be 
implemented as a computer program product that includes a 
computer-readable medium and computer-readable signals 
stored on the computer-readable medium, which signals 
define appropriate instructions. These instructions, as a result 
of being executed by a computer, instruct the computer to 
perform the acts described above for this embodiment. 
0055. In yet another embodiment, provided is a method of 
visually indicating to a user values of a physical property 
detected over a period of time by sensors located at different 
predefined distances from a reference point along a spatial 
dimension of an organism, wherein the period of time 
includes a plurality of temporal intervals, the method com 
prising acts of: (A) for a first of the plurality of temporal 
intervals, for each of a plurality of the sensors, visually indi 
cating a value of the physical property detected by the sensor 
during the first temporal interval to the user at a coordinate of 
a profile plot having a spatial axis representing the spatial 
dimension, the coordinate having a spatial position relative to 
the spatial axis that corresponds to the location of the sensor, 
(B) repeating act (A) for a next one or more temporal inter 
vals, including, for each performance of act (B), replacing the 
visual indication of the value detected by each sensor for a 
temporal interval with the visual indication of the value 
detected by the sensor during a next temporal interval; and 
(C) for each performance of act (A), visually indicating an 
anatomical landmark of the organism at a coordinate of the 
plot, the coordinate at which the landmark is visually indi 
cated having a spatial position relative to the spatial axis 
corresponding to a distance from the reference along the 
dimension within the organism at which the landmark is 
located. 

0056. This embodiment and/or aspects thereof may be 
implemented as a computer program product that includes a 
computer-readable medium and computer-readable signals 
stored on the computer-readable medium, which signals 
define appropriate instructions. These instructions, as a result 
of being executed by a computer, instruct the computer to 
perform the acts described above for this embodiment. 
0057. In another embodiment, provided is a method of 
visually indicating to a user values of a physical property 
detected over a period of time by sensors located at different 
predefined distances from a reference point along a spatial 
dimension of an organism, wherein the period of time 
includes a plurality of temporal intervals, the method com 
prising acts of: (A) for a first of the plurality of temporal 
intervals, for each of a plurality of the sensors, visually indi 
cating a value of the physical property detected by the sensor 
during the first temporal interval to the user at a coordinate of 
a profile plot having a spatial axis representing the spatial 
dimension, the coordinate having a spatial position relative to 
the spatial axis that corresponds to the location of the sensor, 
and (B) repeating act (A) for a next one or more temporal 
intervals, including, for each performance of act (B), replac 
ing the visual indication of the value detected by each sensor 
for a temporal interval with the visual indication of the value 
detected by the sensor during a next temporal interval; and 
(C) for each performance of act (A), visually indicating an 
image of at least a portion of the organism on the plot con 
currently to visually indicating the values. 
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0058. This embodiment and/or aspects thereof may be 
implemented as a computer program product that includes a 
computer-readable medium and computer-readable signals 
stored on the computer-readable medium, which signals 
define appropriate instructions. These instructions, as a result 
of being executed by a computer, instruct the computer to 
perform the acts described above for this embodiment. 
0059. In another embodiment, provided is a method of 
visually indicating to a user values of a physical property 
detected over a period of time by sensors located at different 
predefined distances from a reference point along a spatial 
dimension of an organism, wherein the period of time 
includes a plurality of temporal intervals, the method com 
prising acts of: (A) for a first of the plurality of temporal 
intervals, for each of a plurality of the sensors, visually indi 
cating a value of the physical property detected by the sensor 
during the temporal interval at a coordinate of a temporal plot 
having a temporal axis representing time and a spatial axis, 
oriented orthogonally to the temporal axis, representing the 
spatial dimension, including visually indicating the value 
using a tone corresponding to the value, the coordinate having 
a spatial position relative to the spatial axis that corresponds 
to the location of the sensor and having a temporal position 
relative to the temporal axis that corresponds to the temporal 
interval; (B) concurrently to act (A), for the first of the plu 
rality of temporal intervals, for each of at least a subset of the 
plurality of sensors, visually indicating a value of the physical 
property detected by the sensor during the temporal interval 
on a second temporal plot having a temporal axis representing 
time, wherein, for each of the at least subset of the plurality of 
sensors, the second temporal plot includes a baseline for the 
sensor, the baseline running parallel to the temporal axis, and 
wherein the value detected by the sensor is represented as an 
offset from the baseline at a temporal position relative to the 
temporal axis that corresponds to the first temporal interval, 
the amount of the offset corresponding to the value; and (C) 
repeating act (A) for a next one or more of the plurality of 
temporal intervals in sequence, including concurrently visu 
ally indicating to the user on the second temporal plot the 
values detected by the sensors during the one or more next 
temporal intervals and the values detected by the sensors 
during the first temporal interval; and (D) concurrently to 
performing act (C), repeating act (B) for a next one or more of 
the plurality of temporal intervals in sequence, including 
concurrently visually indicating to the user on the second 
temporal plot the values detected by the at least subset of the 
plurality of sensors during the one or more next temporal 
intervals and the values detected by the at least subset of the 
plurality of sensors during the first temporal interval. 
0060. This embodiment and/or aspects thereof may be 
implemented as a computer program product that includes a 
computer-readable medium and computer-readable signals 
stored on the computer-readable medium, which signals 
define appropriate instructions. These instructions, as a result 
of being executed by a computer, instruct the computer to 
perform the acts described above for this embodiment. 
0061. In yet another embodiment, provided is a method of 
visually indicating to a user values of a physical property 
detected over a period of time by sensors located at different 
predefined distances from a reference point along a spatial 
dimension of an organism, wherein the period of time 
includes a plurality of temporal intervals, the method com 
prising acts of: (A) for a first of the plurality of temporal 
intervals, for each sensor of at least a Subset of the sensors, 
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visually indicating a respective value of the physical property 
detected by the sensor during the temporal interval on a 
coordinate of a temporal plot having a temporal axis repre 
senting time, the coordinate having a temporal position rela 
tive to the temporal axis that corresponds to the temporal 
interval; (B) repeating act (A) for a next one or more of the 
plurality oftemporal intervals in sequence, including concur 
rently visually indicating to the user on the temporal plot the 
values detected by the sensors during the one or more next 
temporal intervals and the values detected by the sensors 
during the first temporal interval, and (C) for each perfor 
mance of act (A), visually indicating sensor identifiers to the 
user along the spatial axis of the temporal plot, each sensor 
identifier identifying a position along the spatial axis of the 
sensor of a respective one of the sensors of the subset. 
0062. This embodiment and/or aspects thereof may be 
implemented as a computer program product that includes a 
computer-readable medium and computer-readable signals 
stored on the computer-readable medium, which signals 
define appropriate instructions. These instructions, as a result 
of being executed by a computer, instruct the computer to 
perform the acts described above for this embodiment. 
0063. In another embodiment, provided is a method of 
visually indicating to a user values of a physical property 
detected over a period of time by sensors located at different 
predefined distances from a reference point along a spatial 
dimension of an organism, wherein the period of time 
includes a plurality of temporal intervals, the method com 
prising acts of: (A) for a first of the plurality of temporal 
intervals, subtracting a first value detected by one of the 
sensors during one of the plurality oftemporal intervals from 
a respective value of the physical property detected by each of 
a plurality of the sensors during the temporal interval to 
produce a reduced value for each of the plurality of the sen 
sors; (B) visually indicating each reduced value on a plot 
having a spatial axis representing the spatial dimension, 
including visually indicating each reduced value at a coordi 
nate of the temporal plot having a spatial position relative to 
the spatial axis that corresponds to the predefined distance 
along the spatial dimension at which the sensor correspond 
ing to the reduced value is located; and (C) repeating acts (A) 
and (B) for a next one or more of the plurality of temporal 
intervals in sequence. 
0064. This embodiment and/or aspects thereof may be 
implemented as a computer program product that includes a 
computer-readable medium and computer-readable signals 
stored on the computer-readable medium, which signals 
define appropriate instructions. These instructions, as a result 
of being executed by a computer, instruct the computer to 
perform the acts described above for this embodiment. 
0065. In another embodiment, provided is a method of 
visually indicating to a user values of a physical property 
detected over a period of time by sensors located at different 
predefined distances from a reference point along a spatial 
dimension of an organism, wherein the period of time 
includes a plurality oftemporal intervals, and wherein each of 
the sensors are separated by a predefined distance from one or 
more nearest other sensors, the method comprising acts of 
(A) for a first of the plurality of temporal intervals, for a pair 
of adjacent sensors of a plurality of the sensors, interpolating 
a value of the physical property at a distance from the refer 
ence point between the pair of sensors based at least on the 
values of the physical property detected by the pair of sensors 
during the temporal interval; (B) for the first temporal inter 
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val, visually indicating the interpolated value and a respective 
value of the physical property detected from each of the 
plurality of the sensors during the first temporal interval to the 
user on a plot having a spatial axis representing the spatial 
dimension, including visually indicating each value at a coor 
dinate of the profile plot having a spatial position relative to 
the spatial axis that corresponds to the predefined distance 
along the spatial dimension at which the sensor from which 
the value was detected is located and visually indicating the 
interpolated value at a spatial position relative to the spatial 
axis that corresponds to the distance from the reference point 
between the pair of sensors; and (C) repeating acts (A) and 
(B) for a next one or more temporal intervals, including, for 
each performance of act (C), replacing the visual indication of 
the interpolated value and the value detected by each sensor 
for a temporal interval with the visual indication of the inter 
polated value and the value detected by the sensor, respec 
tively, during a next temporal interval. 
0066. This embodiment and/or aspects thereof may be 
implemented as a computer program product that includes a 
computer-readable medium and computer-readable signals 
stored on the computer-readable medium, which signals 
define appropriate instructions. These instructions, as a result 
of being executed by a computer, instruct the computer to 
perform the acts described above for this embodiment. 
0067. In yet another embodiment, provided is a method of 
visually indicating to a user values of a physical property 
detected over a period of time by sensors located at different 
predefined distances from a reference point along a spatial 
dimension of an organism, wherein the period of time 
includes a plurality of temporal intervals, the method com 
prising acts of: (A) for a first of the plurality of temporal 
intervals, receiving a respective value of the physical property 
detected from each of a plurality of the sensors during the first 
temporal interval and not receiving a value for one of the 
sensors located between two of the plurality of the sensors; 
(B) interpolating a value for the one sensor based at least on 
the values of the physical property detected by the two sen 
sors during the temporal interval: (C) for the first temporal 
interval, visually indicating the interpolated value and a 
respective value of the physical property detected from each 
of the plurality of the sensors during the first temporal interval 
to the user on a plot having a spatial axis representing the 
spatial dimension, including visually indicating each value at 
a coordinate of the profile plot having a spatial position rela 
tive to the spatial axis that corresponds to the predefined 
distance along the spatial dimension at which the sensor from 
which the value was detected is located and visually indicat 
ing the interpolated value at a spatial position relative to the 
spatial axis that corresponds to the predefined distance along 
the spatial dimension at which the one sensor is located; and 
(D) repeating acts (A), (B) and (C) for a next one or more 
temporal intervals. 
0068. In yet another embodiment, provided is a system for 
visually indicating to a user values of a physical property 
detected over a period of time of an organism, the period of 
time including a plurality of temporal intervals. The system 
comprises a detection component including a plurality of 
Solid state sensors, where each solid state sensor is located at 
a different predefined distance from a reference point along a 
spatial dimension within the organism. Each solid state sen 
sor is operable to detect a value of the physical property at the 
location of the solid state sensor during each of the plurality of 
temporal intervals, and each Solid state sensor is separated 
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from a nearest of the other solid state sensors by approxi 
mately 1.0 centimeters. The system also includes a visualiza 
tion component to receive, for each of the plurality oftempo 
ral intervals, the values detected by to the solid state sensors, 
and to control visual indications of the detected values on a 
plot having a spatial axis representing the spatial dimension, 
the visual indication including visually indicating each value 
at a coordinate of the profile plot having a spatial position 
relative to the spatial axis that corresponds to the predefined 
distance along the spatial dimension at which the Solid state 
sensor from which the value was detected is located. 
0069. In yet another embodiment, provided is a method of 
determining a distance from a reference point along a spatial 
dimension within the organism at which an anatomical land 
mark is located based on values of a physical property 
detected over a period of time by sensors located at different 
predefined distances from the reference point along the spa 
tial dimension within the organism, the period of time includ 
ing a plurality oftemporal intervals, wherein each sensor has 
an associated temporal set of values of the physical property 
detected at the predefined distance at which the sensor is 
located, each value of the temporal set representing a value of 
the physical property detected during a different one of the 
temporal intervals, the method comprising acts of: (A) for 
each temporal set, determining an average value of the values 
of the temporal set; (B) based on the determined averages, 
generating a spatial function defining values of the physical 
property as a function of distance along the spatial dimension; 
and (C) determining a local maximum of the spatial function, 
wherein the anatomical landmark is located at the determined 
local maximum. 
0070 This embodiment and/or aspects thereof may be 
implemented as a computer program product that includes a 
computer-readable medium and computer-readable signals 
stored on the computer-readable medium, which signals 
define appropriate instructions. These instructions, as a result 
of being executed by a computer, instruct the computer to 
perform the acts described above for this embodiment. 
0071. Other advantages, novel features, and objects of the 
invention, and aspects and embodiments thereof, will become 
apparent from the following detailed description of the inven 
tion, including aspects and embodiments thereof, when con 
sidered in conjunction with the accompanying drawings, 
which are schematic and which are not intended to be drawn 
to scale. In the figures, each identical or nearly identical 
component that is illustrated in various figures is represented 
by a single numeral. For purposes of clarity, not every com 
ponent is labeled in every figure, nor is every component of 
each embodiment or aspect of the invention shown where 
illustration is not necessary to allow those of ordinary skill in 
the art to understand the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0072 FIG. 1 is a block diagram illustrating an example of 
a system for visually indicating values detected over a period 
of time to a user; 
0073 FIG. 2 is a block diagram illustrating an example of 
a detection component of a system for visually indicating 
detected values to a user; 
0074 FIG.3 is a block diagram illustrating a collection of 
detection entries stored on a recording medium; 
0075 FIG. 4 is a block diagram illustrating an example of 
a detection entry; 
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0076 FIG. 5 is a block diagram illustrating an example of 
a temporal interval entry of a detection entry; 
0077 FIG. 6 is a block diagram illustrating an example of 
a visualization component of a system for visually illustrating 
values detected over a period of time to a user; 
0078 FIG. 7 is a flow chart illustrating an example of a 
method of visually indicating values detected over a period of 
time to a user in real time on a temporal plot using a contour 
technique; 
007.9 FIG. 8. is an example of a temporal plot visually 
indicating values detected over a period of time using a con 
tour technique; 
0080 FIG. 9 is an example of a profile plot visually indi 
cating values detected over a period of time using a contour 
technique; 
I0081 FIG. 10 is a flow chart illustrating an example of a 
method of visually indicating values detected over a period of 
time on a temporal plot and a profile plot concurrently; 
I0082 FIG. 11 is an example of a display including a tem 
poral plot and a profile plot visually indicating values 
detected over a period time concurrently: 
I0083 FIG. 12 is a flow chart illustrating an example of a 
method of toggling between visually indicating values 
detected over a period time on a plot in a first mode and 
visually indicating the values on the plot in a second mode; 
I0084 FIG. 13 is a flow chart illustrating an example of a 
method of concurrently visually indicating detected values, 
locations of anatomical landmarks and an anatomical image 
on a plot; 
I0085 FIG. 14 is an example of a profile plot on which 
detected values, landmark location identifiers and an ana 
tomical image are concurrently visually indicated; 
I0086 FIG. 15 is an example of a display including a pro 
file plot on which detected values, landmark location identi 
fiers and an anatomical image are visually indicated and a 
moving contour plot on which a spatial position of one of the 
landmark location identifiers is visually indicated; 
I0087 FIG. 16 is a flowchart illustrating an example of a 
method of determining a location of an anatomical landmark 
of an organism; 
I0088 FIG. 17 is an example of a display including visual 
indications of values detected at a plurality of locations over 
a period of time; 
I0089 FIG. 18 is an example of a plot of sum-based values 
determined for values detected at a plurality of locations over 
a period of time; 
(0090 FIG. 19 is a flow chart illustrating an example of 
determining a location and length of an anatomical landmark 
within an organism; 
(0091 FIGS. 20A-20B compriseaflow chartillustrating an 
example of a method of determining a position of a pressure 
inversion point within an upper GI tract; 
0092 FIG. 21 is an example of a correlation measure plot 
determined from values detected from different locations 
over a period of time: 
0093 FIG. 22 is an example of a method of visually indi 
cating values detected by a Subset of sensors on a temporal 
plot using a line tracing technique based on one or more 
distances defined relative to the locations of one or more 
anatomical landmarks; 
0094 FIG. 23 is an example of a control panel of a GUI 
through which a user can define one or more distances relative 
to a UES and/or an LES; 
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0095 FIG. 24 is an example of a display including a tem 
poral plot and a profile plot on which values detected by a 
subset of values are visually indicated based on one or more 
distances defined relative to the locations of one or more 
anatomical landmarks; 
0096 FIG. 25 is a display including a temporal plot and a 
profile plot where the values visually indicated on the profile 
plot are determined from a user's selection of a spatial loca 
tion on the temporal plot; 
0097 FIG. 26 is an example of a display including a first 
temporal plot and a second temporal plot on which detected 
values are visually indicated concurrently; 
0098 FIG. 27 is a flow chart illustrating an example of a 
method of interpolating values for one or more sensors for 
which no values are detected during a temporal interval; 
0099 FIG.28 is a block diagram illustrating an example of 
a temporal plot component of a visualization component; 
0100 FIG.29 is a block diagram illustrating an example of 
a profile plot component of a visualization component; 
0101 FIG.30 is a block diagram illustrating an example of 
a computer system; and 
0102 FIG.31 is block diagram illustrating an example of 
a memory system of a computer system. 

DETAILED DESCRIPTION OF THE INVENTION 

0103 Although aspects of the invention described below 
are described primarily in relation to visually indicating Val 
ues of physical properties (e.g., pressure, pH level, tempera 
ture, Voltage, tissue impedance) detected from an organism 
(e.g., a human), or values derived therefrom, over time. Such 
aspects are not limited thereto, but apply to visually indicat 
ing any types of values over time. Further, although aspects of 
the invention described below are described primarily in rela 
tion to visually indicating values of physical properties 
detected within the upper GI tract, such aspects are not lim 
ited thereto, but apply to visually indicating physical proper 
ties detected within other organs or combinations of organs, 
including tubular organs, located within an organism, for 
example, the duodenum, Small bowel, bile duct, colon, 
Sphincter of Oddi, anus or rectum. Further, such values may 
be detected along a spatial dimension external to an organism, 
for example, on an exterior Surface of an organism. 
0104. The function and advantage of these and other 
embodiments of the present invention will be more fully 
understood from the examples described below. The follow 
ing examples are intended to facilitate an understanding of 
aspects of the present invention and their benefits, but do not 
exemplify the full scope of the invention. 
0105 FIG. 1 is a block diagram illustrating an example of 
a system 100 for visually indicating values detected over a 
period of time to a user. System 100 may include any of a 
detection component 102, a user input interface 104, a visual 
component 106, a recording medium 108 and a graphical user 
interface (GUI) 112. As used herein, a GUI is a user interface 
on which information is displayed graphically. The detection 
component 102 may detect values of an organism (e.g., from 
within an organism) over a period of time and provide Such 
values to a visualization component 106 and/or a recording 
medium 108. For example, as will be described in more detail 
below, if the values are to be visually indicated in real time, 
then the detected values are provided to at least the visualiza 
tion component 106 and also may be persisted in a recording 
medium 108. If the detected values are not to be visually 
indicated in real time, but are to be visually indicated post hoc 
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at a later point in time, then the detection component 102 may 
provide the detected values to the recording medium 108 but 
not to the visualization component 106. 
0106 Visualization component 106 may be operable to 
receive detected values from detection component 102 (e.g., 
for real time visual indication) and from recording medium 
108 (e.g., for post hoc visual indication). Further, the visual 
ization component may be operable to send information to be 
persisted to the recording medium during or after visually 
indicating values to a user. Such information may include the 
values themselves, display information Such as values for 
display parameters, locations of anatomical landmarks, loca 
tions of a probe (e.g., catheter) with respect to an organism, 
interpolated values, etc. The visualization component 106 
also may be operable to receive user input from user input 
interface 104. The user input interface 104 may include any of 
a variety of interfaces to user input devices, for example, a 
mouse, a keyboard, a microphone (e.g., in combination with 
a voice recognition system), or a touch screen. The visualiza 
tion component 106 may include a variety of logic for gen 
erating information to send to the graphical user interface 112 
from the received detected values and received user input. 
0107 FIG. 2 is a block diagram illustrating an example of 
a detection component 102. The detection component 102 
may include any of detection logic 206, transmission medium 
204, a plurality of sensors 205 and a probe (e.g., catheter) 202 
to which the sensors 205 may be attached or in which the 
sensors 205 may be embedded. The sensors 205 may be any 
of a variety of types of sensors, for example, pressure sensors 
Such as a capacitive pressure sensors, for example, sensors 
205 may be an array of sensors as described in commonly 
owned co-pending Patent Cooperation Treaty application 
entitled 'Array Sensor Electronics by Sonet al., filed on even 
date herewith bearing attorney docket no. P00660.70006. US 
(hereinafter the Son application). Such pressure sensors may 
be capable of detecting pressure in response to contact with 
tissue of an organism. 
0108. The transmission medium 204 may be any of a 
plurality of types of transmission mediums, such as a group of 
wires (e.g., a bus), a wire, a cable, an optical fiber, a group of 
optical fibers or a wireless transmission medium (e.g., air). 
The transmission medium 204 may carry control and address 
ing signals from the detection logic to the sensors 205 and 
may carry detected values from the sensors 205 to the detec 
tion logic 206. 
0109. In an embodiment, the plurality of sensors 205 area 
linear array of nine or more sensors, for example, twenty-two 
or more sensors such as thirty-six sensors or even more. If 
there are thirty-six sensors, the transmission medium 205 
may include six input wires and six output wires, and the 
detection logic 206 may be configured to control the multi 
plexing of detected values along the output wires. For 
example, a detection cycle may be divided into six sub-cycles, 
where, for each sub-cycle, six detected values are received on 
six respective output lines. Thus, after six Sub-cycles the 
values detected by all 36 sensors have been read. For each 
Sub-cycle, the detection logic may use one of the six input 
lines to select six of the thirty-six sensors. In an aspect of the 
invention, a detection cycle has a frequency greater than 
fifteen hertz, for example, forty hertz or greater such as two 
hundred hertz or even more. Accordingly, in Such aspects 
where signals detected by thirty-six sensors are being multi 
plexed during six sub-cycles, the frequency of the Sub-cycles 
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may be greater than ninety hertz, for example, two hundred 
forty hertz or greater such as 1.2 kilohertz or even greater. 
0110. The detection logic 206 also may include signal 
processing logic to process the signals carrying the values 
received over transmission medium 204. For example, the 
signal process logic may include noise filtering logic, analog 
to-digital conversion logic and other logic to convert the raw 
detected values into suitable form to be input to visualization 
component 106. Detection logic 206 may include any of the 
logic described in the Son application. 
0111. As is shown in FIG. 2, the probe 202 and sensors 205 
of the detection component 102 may be inserted within a 
human 208 or another organism. For example, the probe may 
be inserted through the nasal cavity 219 into the upper GI tract 
such that at least a portion of the probe 202 resides in the 
pharynx 210, the UES 212, the esophagus 214, the LES 216 
and the stomach 218. Although FIG. 2 illustrates the probe 
inserted within the upper GI tract, the probe may be inserted 
in any of a variety of combination of organs, including tubular 
organs. For example, the probe 202 may be inserted in the 
duodenum, the small bowel, the bile duct, the colon, the 
Sphincter of Oddi, the anus or the rectum. 
0112 Each sensor may be arranged to be spaced a pre 
defined distance from a nearest one or more other sensors. 
Optionally, the spacing between each pair of sensors may be 
configured to be approximately the same. In an aspect of the 
invention, this same spacing may be three centimeters or less, 
for example, two centimeters or less Such as one centimeter, 
or even less than one centimeter. 
0113. The sensors 205 may be configured to sense any of 
a variety of physical properties, for example, pressure, pH, 
temperature, Voltage, tissue impedance, another physical 
property or any combination thereof. 
0114 FIG. 3 is a block diagram illustrating an example of 
a collection of detection entries 302 stored in a storage 
medium 108. Each detection entry 304 may include values of 
a physical property detected from an organism over a period 
of time. The collection 302 may be any of a plurality of types 
of databases, for example, an object-oriented database, a rela 
tional database, a flat file database, a combination thereof, or 
any of a variety of other types of databases. 
0115 FIG. 4 is a block diagram illustrating an example of 
a data structure of a detection entry 304. Each detection entry 
304 may include an entry identifier 402, detection informa 
tion 404 and a plurality of temporal interval entries 406. The 
entry identifier 402 may identify the detection entry and the 
detection information 404 may include information about the 
detection entry. For example, detection information 404 may 
include a name of a patient from which the values of the 
physical property were detected, a date on which the infor 
mation was detected, the duration of the detection, the part of 
the body from which values were detected, the physician that 
detected the values from the patient, or any of a variety of 
other information. 
0116 FIG. 5 illustrates an example of a temporal interval 
entry 406. Each temporal interval entry 406 may include a 
temporal interval identifier 502 that uniquely identifies the 
temporal interval in the context of the detection entry 304 to 
which the interval information belongs. For example, the 
temporal interval identifier may be a time at which the tem 
poral interval was detected. 
0117 The temporal interval entry 406 further may include 
temporal interval information 503. Information 503 may 
include any information pertaining to the temporal interval, 
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for example, any of the information described herein, includ 
ing, but not limited to, a probe (e.g., catheter) position within 
an organism during the temporal interval, annotations made 
for the temporal interval, locations of anatomical landmarks 
during the temporal interval, identifications of the technique 
used to display the values on the temporal plot and/or profile 
plot during the temporal interval, values interpolated during 
the temporal interval, etc. 
0118. The temporal interval entry 406 may further include 
sensor values 504 that each represent a value of a physical 
property detected during the temporal interval identified by 
temporal interval identifier 502. Although the arrangement of 
information illustrated in FIGS. 4 and 5 for a detection entry 
304 has been described in the context of storage medium 108, 
it should be understood that the same arrangement of infor 
mation may be employed by other aspects of the system 100, 
for example, the visualization component 106, which may be 
operable to store such information locally, for example, on a 
non-volatile recording medium (e.g., random access memory 
(RAM)). 
0119 FIG. 6 is a block diagram illustrating an example of 
the visualization component 106. The visualization compo 
nent 106 may be configured to receive detected values 602 
and user input 604 and output a frame 606 of information to 
be displayed by a display mechanism, for example, a graphi 
cal user interface (GUI) 112 displayed on a display screen 
connected to a computer. Visualization component 106 may 
include any of a variety of logical components, including any 
oftemporal plot component 608, profile plot component 610, 
frame display controller 612, displayed sensor identifiercom 
ponent 614, spatial resolution interpolator 616, frame buffer 
618, virtual sensor interpolator 620, landmark identification 
component 622, annotation component 624, temporal inter 
Val selection component 626, anatomical imaging component 
628, normalizer 630, landmark location identifier component 
632, landmark referencing component 634 and any of a vari 
ety of other components. 
I0120 Frame display controller 612 receives information 
output from one or more of the other components of visual 
ization component 106, composes a frame of display infor 
mation and outputs frames 606. As will be described in more 
detail below, several of the operations performed by the com 
ponents included within visualization component 106 may be 
performed in real time. The frame display controller 62 
assists in this real time implementation. 
I0121 The detected values 602 may be received at a faster 
rate than the rate at which a GUI is redrawn or refreshed (e.g., 
ten to fifteen frames per second). The detection component 
102 may be configured to sample a set of values (e.g., corre 
sponding to a temporal interval) from sensors 205 at any of a 
variety of rates, for example, any of the variety of rates at 
which the sensors described above detect values, for example, 
a rate ranging from approximately twenty to two hundred sets 
of values per second. A timer may control the rate at which 
one or more of the components of the visualization compo 
nent 106 receive the detected values to perform calculations. 
User inputs 604 may be received asynchronously and may be 
input to one or more of the components within the visualiza 
tion component 106. For each set of values, operations may 
be performed on the sets of values by one or more of the 
components of visualization component 106 (one or more of 
which may be configured according to a user input 604), and 
the results of these operation may be sent to frame display 
controller 612. Frame display controller 612 may generate a 
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complete display frame based on these results and store the 
display frame in frame buffer 618 while operations are per 
formed on a next set of values. Frame buffer 618 may be any 
of a plurality of types of memory buffers, for example, a 
circular buffer. When the GUI is to be refreshed (e.g., once 
every ten to fifteen seconds), the frame display controller may 
access the most recently stored frame in the frame buffer 618 
and control a transfer of the frame from frame buffer 618 to 
the GUI. 
0122 Visualization component 106, and logical compo 
nents thereof, may be implemented using software (e.g., C. 
C#, C++, Java, or a combination thereof), hardware (e.g., one 
or more application-specific integrated circuits), firmware 
(e.g., electrically-programmed memory) or any combination 
thereof. 
0123. One or more of the components of system 100, 
including visualization component 106, may reside on a 
single system, or one or more components may reside on 
separate, discrete systems. Further, each component may be 
distributed across multiple systems, and one or more of the 
systems may be interconnected. 
0.124. Further, on each of the one or more systems that 
include one or more components of system 100 and/or visu 
alization component 106, each of the components may reside 
in one or more locations on the system. For example, different 
portions of the components may reside in different areas of 
memory (e.g., RAM, ROM, disk, etc.) on the system. Each of 
Such one or more systems may include, among other compo 
nents, a plurality of known components such as one or more 
processors, a memory system, a disk storage system, one or 
more network interfaces, and one or more busses or other 
internal communication links interconnecting the various 
components. 
0.125 System 100 and visualization component 106 may 
be implemented on a computer system described below in 
relation to FIGS. 30 and 31. 
0126 System 100, including visualization component 
106, is merely an illustrative embodiment of a system for 
detecting and visually indicating values detected over a 
period of time along a first dimension of an organism. Such an 
illustrative embodiment is not intended to limit the scope of 
the invention, as any of numerous other implementations of a 
system for visually indicating values detected over a period of 
time along a first dimension of an organism, for example, 
variations of a system 100 and visualization component 106, 
are possible and are intended to fall within the scope of the 
invention. None of the claims set forth below are intended to 
be limited to any particular implementation of a system for 
visually indicating values detected overa period of time along 
a first dimension of an organism unless such claim includes a 
limitation explicitly reciting a particular implementation. 
0127 Several of the visualization component 106 are 
described in more detail below. Methods that may be per 
formed by these logical components will now be described. 
0128 FIG. 7 is a flow chart illustrating an example of a 
method of visually indicating values detected over a period of 
time along a dimension to a user in real time on a temporal 
plot using a contour technique. In Act 702, values detected 
during a next temporal interval may be received. For a first 
pass through acts 702-708, the next temporal interval may be 
a first temporal interval. 
0129. Next, in Act 704, for each detected value, a tone 
corresponding to the detected value may be assigned to the 
detected value. As used herein, a “tone' may be a color or 
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grayscale value. For example, the range of possible values of 
a detected value may be divided into a plurality of sub-ranges, 
and a different tone may be delegated to each Sub-range. The 
number of sub-ranges and, consequently, the number oftones 
to be delegated, may be configured based on the desired 
granularity of the tones visually indicated to a user. For 
example, if the detected physical property is pressure, the 
range of detected values may be from negative fifty millime 
ters mercury (mmHg) to two hundred mmHg. This range of 
values may be divided into any of a number of sub-ranges, for 
example, one thousand twenty-four, five hundred twelve, two 
hundred fifty-six, etc., with a tone delegated to each Sub 
range. 
0.130. As will be described in more detail below, method 
700 also may include additional acts, performed prior to Act 
704, of interpolating values for one or more sensors for which 
values were not detected during a temporal interval (e.g., due 
to sensor failure), and interpolating values for locations 
between locations of sensors to increase the spatial resolution 
of values to be displayed. As part of Act 704, tones may be 
assigned to these interpolated values. 
I0131. In a following Act 706, each assigned value may be 
visually indicated on a temporal plot in real time. For 
example, as described above with respect to FIG. 6, a new 
frame may be displayed to the user at a rate often frames per 
second or greater Such that each detected value is visually 
indicated to the user within 0.1 seconds or less, for example, 
within 0.66 seconds or even less. 

(0132. In Act 708, it may be determined whether there is a 
next temporal interval. If there is not a next temporal interval, 
then method 700 may end. If there is a next temporal interval, 
then method 700 may return to Act 702. Thus Acts 702-708 
may be repeated until the values detected during each tem 
poral interval have been visually indicated to the user. Alter 
natively, an instruction may be received to stop method 700, 
for example, from a user. 
I0133. The detected values may be values of a physical 
property detected over a period of time by sensors located at 
different predefined distances from a reference point along a 
dimension of an organism, for example, a human. The sensors 
may be located at different locations within one or more 
organs of the organism, for example, within the upper GI 
tract, duodenum, small bowel, bile duet, colon, Sphincter of 
Oddi, anus, rectum, or any of the variety of other organs. The 
detected physical property may be any of a variety of physical 
properties, including, but not limited to, pressure, pH, tissue 
impedance, temperature, Voltage, another physical property 
or any combination thereof. 
I0134. The temporal plot on which the assigned values are 
displayed may have a temporal axis representing time and 
may have a spatial axis, oriented or orthogonally to the tem 
poral axis, representing the dimension. If a contour technique 
is used, each assigned value may be indicated as a tone at a 
spatial position of the temporal plot corresponding to the 
location of the sensor within the organism from which the 
detected value corresponding to the tone was detected. 
0.135 For each temporal interval, the assigned values for 
the temporal interval may be visually indicated on the tem 
poral plot concurrently to assigned values of previous tem 
poral intervals so that a user can observe a history of values 
detected by the sensors over time. 
0.136. In an embodiment of method 700, prior to each 
performance of Act 706 for a temporal interval, the temporal 
position of the coordinate at which each tone from previous 
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temporal intervals is visually indicated may be shifted in a 
first direction by an amount corresponding to a duration of 
each temporal interval. This shifting of temporal positions 
results in the user perceiving the visual indications of the 
values as moving in the first direction along the temporal axis 
of the temporal plot (e.g., right to left). This technique of 
shifting the temporal position of a tone to be indicated to a 
user so that the user perceives the assigned tones as moving in 
a first direction along the temporal plot is referred to hereinas 
a moving contour technique. A temporal plot on which a 
moving contour technique is being employed is referred to 
herein as a moving contour plot. 
0137 Acts 702-706 may be performed at a predefined rate 
(e.g., ten hertz or more, for example, fifteen hertz, or even 
greater) Such that a user perceives the repeated performances 
of Acts 702-706 as being temporally continuous, as opposed 
to being temporally discrete. In other words, a user will 
observe a smooth transition between temporal intervals as 
opposed to observing a choppy transition between temporal 
intervals. 

0138 Further, for consecutive temporal intervals, the val 
ues detected during one of the consecutive temporal intervals 
may be visually indicated at a predefined proximity to the 
values detected during the other of the consecutive temporal 
intervals such that a user perceives the visual indications of 
the values of the consecutive sets as being spatially continu 
ous along the temporal axis. 
0.139. It should be appreciated that although method 700 is 
described above primarily in relation to visually indicating 
values in real time, the method 700 may be applied analo 
gously to visually indicating detected values post hoc. 
0140. Further, many of the aspects of the invention 
described with respect to visually indicating values detected 
over a period of time on a temporal plot using a contour 
technique also apply to visually indicating the detected values 
on a profile plot using a contour technique, or on either the 
temporal plot or the profile plot using any of a variety of the 
techniques described herein. 
0141 FIG. 8 is an example of a temporal plot 800 visually 
indicating values detected over a period of time using a con 
tour technique in real time or post hoc. Plot 800 may be a 
moving contour plot. Such plot may be generated by one or 
more logical components of visualization component 106. 
including temporal plot component 608. 
0142 Moving contour plot 800 may include a temporal 
axis 802 representing time and a spatial axis 804 representing 
a distance along a dimension of an organism. These axes may 
not actually be displayed on temporal plot 800, but are used 
herein for illustrative purposes. The plot 800 may include a 
tone key 806 indicating the tones delegated to Sub-ranges 
between a low threshold 808 and a high threshold 810. The 
plot 800 also may include a sub-period indicator 818 indicat 
ing to a user the duration of time delimited by sub-period 
delimiters 112. 

0143 Plot 800 also may include temporal duration indi 
cator 814, which indicates the duration of time being dis 
played on plot 800. Indicator 814 may be configured as a 
control of a GUI that enables a user to change the displayed 
duration of time, which changes the temporal density of the 
information visually indicated along temporal axis 802. In 
response to changing the value of the temporal duration using 
temporal duration indicator 814, sub-period delimiters 812 
and Sub-period indicator 818 may be changed accordingly. 
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0144 Plot 800 may include spatial indicators 820, where 
each spatial indicator indicates a location along a dimension 
in the organism from a reference point (e.g., an end of a probe, 
e.g., catheter) with respect to the spatial axis 804. 
0145 The values detected during a plurality of temporal 
intervals may be visually indicated as tones on plot 800. For 
example, spatial range 822 illustrates a range along the 
dimension within the organism for which the detected values 
vary consistently over a period of approximately twenty-five 
seconds. In an aspect of plot 800, values detected during a 
temporal interval may be controlled to move from right to left 
along temporal axis 816. In this aspect, the values detected 
during a temporal interval may be first visually indicated on 
plot 800 at a temporal position along the temporal axis 802 
nearest to temporal origin 816 (e.g., a column of pixels of a 
display screen closest to the origin 816). The location along 
the dimension at which a visually indicated value was 
detected can be determined with reference to the sensor loca 
tion 820 along the spatial axis 804, for example, if the sensors 
are spaced a predefined distance apart from one another, for 
example, one cm as described above with respect to FIG. 2. In 
the aspect illustrated by plot 800, sensor location indicators 
820 indicate that there are at least thirty-six sensors from 
which values may be detected. 
0146 FIG. 8 may be a temporal plot of pressure values 
detected along an upper GI tract (e.g., pressure resulting from 
contact with the tissue of the upper GI tract) of a human while 
a human is Swallowing water or another fluid. As can be seen 
in plot 800, there is a relatively continuous high pressure in a 
location of the upper GI tract approximate to sensor “6”. This 
location may be the location of the UES. Further, relatively 
high pressure indications descend down the upper GI tract 
over a period time. This pressure may correspond to muscle 
contractions along the upper GI tract that occur as the liquid 
is swallowed. 
0147 Temporal plot 800 may include additional features 
such as those described below in relation to FIG. 11. 
0148 Although method 700 is described above with 
respect to visually indicating values on a temporal plot, a 
similar method may be applied to visually indicate detected 
values on a profile plot. For example, each detected value may 
be visually indicated using an assigned tone on a profile plot 
having a spatial axis, at a spatial position relative to the spatial 
axis that corresponds to the location of a sensor from which 
the detected value was detected. Thus, values detected by 
sensors along a dimension of an organism over time may be 
visually indicated on a profile plot using a contour technique. 
In contrast to displaying values on a temporal plot using a 
contour technique, on a profile plot, only values detected 
during a single temporal interval may be visually indicated at 
any given time. In other words, values detected during differ 
ent temporal intervals may not be displayed concurrently. 
0149 FIG. 9 is an example of a profile plot 910 visually 
indicating values detected over a period of time using a con 
tour technique. Profile plot 910 may include any of spatial 
axis 911, tone bar 914, tone key 922, and one or more ana 
tomical landmark location indicators, including any of UES 
indicator 916, LES indicator 918, LES upper margin indica 
tor 917, LES lower margin indicator 919 and PIP indicator 
920. Although used hereinto illustrate profile plot 910, spatial 
axis 911 may not actually be visually indicated as part of 
profile plot 910. 
0150. Similar to as described above with respect to tem 
poral plot 800, spatial indicators 912 may indicate a location 
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along a first dimension of an organism relative to spatial axis 
911. Tone bar 914 includes the visual indications of the values 
detected by the sensors using a tone corresponding to the 
detected value. The spatial position relative to the spatial axis 
911 of each tone indicated along tone bar 914 corresponds to 
the location at which the value corresponding to the tone was 
detected or the location corresponding to an interpolated 
value corresponding to the tone. 
0151. The thickness oftone bar 914 may not correspond to 
any physical property, but may be configured as desired to 
provide visual clarity. The values visually indicated along 
tone bar 914 may be updated each time a frame is transmitted 
to the graphical interface that displays profiled plot 910. 
0152. It should be appreciated that not every temporal 
interval may have its values visually indicated on a profile 
plot such as profile plot 910. As described above, the rate at 
which values are detected by the sensors may be higher than 
the rate at which the GUI is refreshed, and the GUI may be 
refreshed with the most current information. Accordingly, in 
one aspect, only values detected during temporal intervals 
that are most recent temporal intervals before a GUI refresh 
may be visually indicated on a profile plot, and values 
detected during other temporal intervals may not be visually 
indicated on the profile plot. Alternatively, the rate of detec 
tion and rate of display refresh may be approximately the 
same. Such that the values detected during all temporal inter 
vals may be visually indicated on a profile plot. 
0153. Each of the anatomical landmark identifiers (i.e., 
landmark identifiers)916-920 may visually indicate a spatial 
position along spatial axis 911 that corresponds to a location 
along a first dimension within an organism (e.g., along an 
upper GI tract) at which an anatomical landmark is located. 
Each landmark location identifier 916-920 may include a 
landmark identifier 946-950, respectively. Each location 
identifier may indicate an identifier of the landmark and also 
may indicate a numerical value representing either a nearest 
sensor to the determined location of the landmark or the 
location itself of the anatomical landmark. For example, UES 
location identifier 916 has a landmark identifier 946 that 
identifies the UES and indicates that the location of the UES 
is closest to sensor “7. Alternatively, the landmark identifier 
94.6 may indicate the location itself of the UES, with a value 
such as “7.1.” which may mean 7.1 centimeters along the 
dimension of the organism from a reference point. 
0154) In an aspect of displaying landmark identifiers on a 
profile plot, the type of numerical value (e.g., the closest 
sensor or the location itself) may be selectable, for example, 
by a user. Accordingly, profile plot 910 may include a control 
that enables a user to select which type of numerical value 
will be indicated. In the profile plot 910 illustrated in FIG.9, 
each landmark identifier displays a numerical value repre 
senting the closest sensor. 
(O155 Thus, LES location identifier 918, including LES 
identifier 948, indicates that the LES is located at a location 
within the upper GI tract for which the closest sensor is sensor 
“30. LES upper margin location identifier 917, including 
LES upper margin identifier 947, indicate that, for the loca 
tion of the LES upper margin, the closest sensor is sensor 
“28. LES lower margin location identifier 919, including 
LES lower margin identifier 949, indicate that, for the loca 
tion of the lower marginidentifier, the closest sensor is sensor 
“32. PIP location identifier 920, including PIP identifier 950, 
indicate that, for the location of the PIP within the upper GI 
tract, the closest sensor is sensor “31.” 
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0156. As will be described in more detail below in relation 
to FIG. 15, for a display including a profile plot and a tem 
poral plot using a contour technique, one or more landmark 
identifiers may extend from a spatial position along the spatial 
axis of the profile plot across the temporal plot at a corre 
sponding spatial position along the spatial axis of the tempo 
ral plot. Further, a user may be provided the ability to move 
the spatial position of a landmark location identifier and land 
mark identifier, for example, by clicking and dragging using 
a mouse, as will be described in more detail below. 
0157 FIG. 10 is a flow chart illustrating an example of a 
method 900 of visually indicating values detected over a 
period of time along a dimension on a temporal plot and a 
profile plot concurrently, in real time or post hoc. In Act 902, 
values detected during a next temporal interval (e.g., a first 
temporal interval) may be received, for example, by a visu 
alization component, from a detection component or a record 
ing medium. 
0158 Next, in Act 904, the detected values may be visu 
ally indicted on a temporal plot using any of a variety of 
techniques, for example, any of the techniques described 
herein. 

0159. In Act 906, the detected values may be visually 
indicated on a profile plot using any of a variety oftechniques 
including any of those described herein, concurrently to visu 
ally indicate that the detected values on a temporal plot. Acts 
904 and 906 may be performed in real time. 
(0160 Next, in Act 908, it is determined whether there is a 
next temporal interval. If there is not a next temporal interval, 
then method 900 ends, else, method 900 returns to Act 902. 
0.161. In an aspect of method 900, the temporal plot and 
the profile plot may be horizontally (i.e., laterally) aligned 
with respect to one another (i.e., side-by-side) and the spatial 
axes of the temporal plot and profile plot may be parallel. The 
spatial axes of the temporal plot and the profile plot both may 
be oriented vertically on a GUI presented to a user, whether 
visually indicated in real time or post hoc. Further, the tem 
poral axis of the temporal plot may be oriented horizontally. 
0162 FIG. 11 is an example of a display 1000 including a 
temporal plot 1002 and a profile plot 1004 on which values 
detected over a period of time along a dimension are visually 
indicated, concurrently, in real time or posthoc. Display 1000 
may be generated by a plurality of the logical components of 
visualization component 106, as is described in more detail 
below. 

0163 Although FIG. 11 illustrates visually indicating the 
values on the temporal plot using a line trace technique and 
visually indicating the values on the profile plot using a line 
trace technique, this aspect of the invention is not limited to 
Such combination, as either of the temporal plot and profile 
plot may visually indicate the detected values using any of a 
variety of techniques, for example, any of the variety of 
techniques described herein. It should be appreciated that, in 
an embodiment, display 1000 may include only temporal plot 
1002 or may include only profile plot 1004. 
0164. As illustrated in FIG. 11, when visually indicating 
detected values on a temporal plot 1002 using a line tracing 
technique, it may be desirable to display line traces 1009 of 
values detected from only a subset of the sensors located 
within the organism. Visually indicating values detected from 
only a subset may be desirable because, as the number of 
sensors for which values are displayed using a line tracing 



US 2012/007 1786 A1 

technique increases, the lack of visual clarity to a user also 
increases. For example, on temporal plot 1002, only eight line 
traces are displayed. 
0.165. When values are visually indicated from only a sub 
set of sensors, it may be desirable to provide a user with 
information regarding each sensor of the Subset for which 
values are being visually indicated. 
0166 Accordingly, a display panel may be associated with 
each sensor of the subset for which values are being visually 
indicated on temporal plot 1002. For example, a display panel 
1031 may be provided for line trace 1025. Panel display 1031 
may include a sensor identifier 1033, a sensor Swatch 1029, a 
normalizing toggle button 1030, a high threshold indicator 
1027, a baseline value indicator 1026, and a value indicator 
1028. 
(0167. Sensor identifier 1033 indicates that line trace 1025 
corresponds to sensor 34. Sensor Swatch 1029 indicates a tone 
used to visually indicate line trace 1025. Thus, the sensor 
Swatch 1029 assists a user in associating a sensor display 
panel with its corresponding line trace. Further, profile plot 
may include sensor location indicators 1018, which may 
include a displayed sensor location indicator 1032 corre 
sponding to sensor “34 for which values are visually indi 
cated by line trace 1025. Accordingly, sensor location indi 
cator 1032 may comprise a tone that is the same as the tone of 
sensor Swatch 1029 and line trace 1025. 
0168 Normalizing toggle button 1030 may enable a user 
to toggle between visually indicating values on line trace 
1025 using absolute values or visually indicating values on 
line trace 1025 using values normalized with respect to all of 
the line traces 1009. Normalizing the values may be benefi 
cial for a clearer visual indication of the line traces 1009 to a 
user, whereas visually indicating absolute values may be ben 
eficial to the user because the actual value detected by a sensor 
over a period of time is conveyed to a user. 
0169 Baseline value indicator 1026 indicates a value rep 
resented by base line 1035 for line trace 1025. As described 
above, if visually indicating detected values on a temporal 
plot using a line trace technique, the values are indicated as an 
offset from a baseline corresponding to the sensor at which 
the values were detected. For example, line trace 1042 is 
represented as an offset 1044 from baseline 1046, where the 
information corresponding to this line trace 1042 is visually 
indicated on sensor display panel 1048. 
0170 High threshold indicator 1027 indicates a high 
threshold for values visually represented by line trace 1025. 
In other words, although detected values may exceed the high 
threshold indicated by high threshold indicator 1027, line 
trace 1025 will only display values up to the high threshold. 
0171 Value indicator 1028 indicates the value currently 
being visually indicated by line trace 1025 at a particular 
temporal position along the temporal axis of temporal plot 
1002. This particular temporal position may be the temporal 
axis origin 1050 or another temporal position specified by a 
user, for example, as described below in relation to FIG. 25. 
0172 Profile plot 1002 may include spatial position indi 
cators 1016, displayed channel location indicators 1018, line 
trace 1014, landmark location identifiers 170-174 and corre 
sponding landmark identifiers 1020-1024, respectively, base 
line value indicator 1034, high threshold indicator 1036 and 
value control. 
0173 Spatial position indicators 1016 indicate a distance 
along the spatial dimension from a reference point. Displayed 
sensor indicators 1018 visually indicate to a user the spatial 
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location of a sensor for which values are being visually indi 
cated on temporal plot 1002 relative to a spatial position along 
the spatial axis of profile plot 1004. As described above in 
relation to displayed sensor indicator 1032, each displayed 
sensor indicator 1018 may be displayed as a tone correspond 
ing to a tone used to visually indicate one of line traces 1009 
to indicate to a user the line trace 1009 to which each dis 
played sensor indicator 1018 corresponds. 
0.174. On a profile plot, for example, profile plot 1004, on 
which visually indicated values are being displayed using a 
line trace technique, each value detected during the temporal 
interval being displayed on the profile plot 1004 may be 
displayed as an offset along a value axis 1012 from a baseline 
1010. It should be appreciated that value axis 1012 may not 
actually be visually indicated as profile plot 1004, but is used 
herein for illustrative purposes. As will be described in more 
detail below, values may be interpolated for locations 
between locations of sensors, and these values may be dis 
played as an offset from baseline 1010 along value axis 1012. 
Further, each value, whether detected or interpolated, dis 
played on line trace 1014 may be displayed at such a prox 
imity to a nearest other visual indication that line trace 1014 
is perceived by a user as a continuous line. 
0.175. In an aspect of visually indicating values detected 
along a spatial dimension on a temporal plot using a line 
tracing technique and on a profile plot, a user may be enabled 
to select the sensors for which values will be visually indi 
cated in temporal plot 1002, for example, by selecting one of 
the displayed sensor indicators 1018 and dragging it to a new 
spatial position along the spatial axis of profile plot 1004. 
Alternatively, the user may be enabled to select the sensors by 
other means, for example, a keyboard. Accordingly, if a user 
clicks on and drags a displayed channel indicator 1018 to a 
new spatial position along the spatial axis of profile plot 1004, 
the corresponding line trace 1009 will change to visually 
indicate the values detected by the sensor at the location 
corresponding to the spatial position to which the user drags 
the displayed sensor indicator. Consequently, all of the infor 
mation of the sensor display panel (e.g., 1031 or 1048) may be 
updated accordingly. 
0176 Value control 1032 may provide a user the ability to 
selectably control the value (e.g., numerical value) visually 
indicated by landmark identifiers of landmark location iden 
tifiers. For example, the value control 1032 may enable a user 
to select that this value be the actual determined location of 
the anatomical landmark or the location of a sensor nearest to 
the determined location of the anatomical landmark. 

0177. In an aspect of the invention, landmark identifica 
tion component 622 of visualization component 106 may be 
configured to generate one or more landmark location iden 
tifiers. For example, the landmark identification component 
622 may receive input from landmark location determination 
component 632, described below in more detail, and user 
input, for example, user input 604. Based on these received 
inputs, the landmark identification component may generate 
information for displaying a landmark location identifier (in 
cluding a landmark identifier) and output Such information to 
one or more other components of visualization component 
106, for example, profile plot component 610 and/or frame 
display controller 612. Further, the landmark identification 
component 622 may be configured to output information to 
the temporal plot component 608, for example, so that the 
temporal plot may visually indicate a spatial location identi 
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fier for an anatomical landmark, for example, as described 
below in more detail in relation to FIG. 15. 
(0178 Returning to FIG. 11, baseline value indicator 1034 
indicates the value represented by baseline 1010. High 
threshold indicator 1036 indicates a threshold value that will 
be indicated by profile plot 1004. Accordingly, if a value 
detected during a temporal interval exceeds the high thresh 
old, such value will not be displayed on profile plot 1004. For 
example, line trace 1014 may be clipped at the one or more 
spatial locations corresponding to values that exceed the high 
threshold. 
0179. It should be appreciated that the several aspects of 
the invention described above in relation to visually indicat 
ing detected values on temporal plot 1002 and profile plot 
1004 concurrently may apply to temporal plots and profile 
plots that visually indicate values using any of a variety of 
techniques, for example, those techniques described above. 
Further, aspects described with respect to plots 1002 and 1004 
being displayed concurrently, may apply to a contour plot or 
a profile plot being visually indicated alone, without the other 
type of plot. Further, the aspects described above with respect 
to plots 1002 and 1004 may be combined with various other 
aspects described herein. 
0180 FIG. 12 is a flow chart illustrating an example of a 
method 1100 of toggling between visually indicating values 
detected over a period of time on a plot in a first mode (e.g., 
contour mode or line trace mode) and visually indicating the 
values on the plot in a second mode (e.g., line trace mode or 
contour mode). 
0181. In Act 1102, for sequential temporal intervals, the 
values detected during each temporal interval may be visually 
indicated on a plot in a first mode, for example, a contour 
mode or a line trace mode. In Act 1104, input may be received 
from a user indicating to change the mode used to visually 
indicate values on the plot. For example, display 1000 may 
include a mode button 1034 and/or a mode button 1023 which 
allow a user to indicate to change the mode being used to 
visually indicate values on temporal plot 1002 and profile plot 
1004, respectively. 
0182. In Act 1106, in response to receiving the user input, 
the mode used to visually indicate values detected during 
each temporal interval may be changed, for example, from 
contour mode to line trace mode or vice versa. 
0183 FIG. 13 is a flow chart illustrating an example of a 
method 1200 of concurrently visually indicating detected 
values, anatomical landmarks and an anatomical image on a 
plot, for example, a profile plot. The anatomical image may 
include at least portions of one or more organs, for example, 
a pharynx, UES, esophagus, LES, Stomach, duodenum, 
colon, Small bowel, sphincter of Oddi, anus or rectum. 
0184. In Act 1202, for sequential temporal intervals, val 
ues detected during each temporal interval are received, 
where, for each temporal interval, each value of the temporal 
interval was detected at a different distance along a dimension 
of an organism. 
0185. In Act 1204, the locations of one or more anatomical 
landmarks within the organism are determined based on the 
value detected during the sequential temporal intervals. As 
used herein, an anatomical landmark is a physically signifi 
cant location within an anatomy. For example, in the upper GI 
tract, anatomical landmarks may include the LES, the upper 
and lower margins of the LES, the UES and the PIP. Deter 
mining the locations of one or more anatomical landmarks is 
described below in more detail in relation to FIGS. 16-21. 
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0186 Optionally, in Act 1206, an anatomical image may 
be configured based on the determined locations of one or 
more anatomical landmarks. For example, the anatomical 
image may have a basic default structure that can be altered 
based on determined locations of one or more anatomical 
landmarks. For example, if the anatomical image is an image 
of an upper GI tract, the anatomical image may include a 
pharynx, UES, esophagus, LES and stomach. The width of 
the pharynx, UES, LES and stomachin the anatomical image 
may remain fixed. Further, the length of the stomach and the 
UES may remain fixed in the anatomical image. The position 
of the pharynx, the UES and the stomach and the length of the 
esophagus and the LES may be configured, however, based 
on the determined locations of one or more anatomical land 
marks, for example, the UES, the LES, the upper margin of 
the LES and the lower margin of the LES. 
0187. In Act 1208, for each sequential temporal interval, 
the values detected during the temporal interval may be visu 
ally indicated on a profile plot, for example, using a contour 
technique or line tracing technique. 
0188 In Act 1210, concurrently to visually indicating the 
detected values on the profile plot, the locations of one or 
more anatomical landmarks may be visually indicated on the 
profile plot. 
0189 Optionally, in Act 1212, concurrently to visually 
indicating the detected values and the locations of one or 
more anatomical landmarks, the anatomical image may be 
visually indicated on the profile plot. For example, the 
detected values and the locations of the anatomical landmarks 
may be Superimposed on the anatomical image. Alternatively, 
or additionally, the anatomical image could be visually indi 
cated elsewhere, for example, on a temporal plot or proximate 
to the profile plot. 
0190. In an aspect of method 1200, the anatomical image 
may be displayed concurrently with the detected values on a 
profile plot, but no locations of anatomical landmarks may be 
visually indicated. Further, alternatively, the anatomical 
image may be displayed concurrently with one or more ana 
tomical landmarks on a profile plot, but no detected values 
may be visually indicated, for example, during a temporal 
interval for which no values have been detected. 
(0191 FIG. 14 is an example of a profile plot 1420 on 
which a line trace 1422 of detected values, landmark location 
identifiers 1424, 1426, 1427, 1428 and 1429 including corre 
sponding landmark identifiers 1454, 1456, 1457, 1458 and 
1459, and an anatomical image 1430 are concurrently visu 
ally indicated. Profile plot 1420 may be generated by a plu 
rality of logical components of visual component 106, as will 
be described in more detail below. 
0.192 Although the detected values 1422 are visually indi 
cated using a line trace technique, other techniques may be 
used. Such as a contour technique or histogram technique. The 
values 1422 may be values detected during a temporal inter 
val, where a plurality of sensors located at different distances 
along the GI tract of a human. 
0193 The landmark location identifiers may include a 
UES location identifier 1424, a PIP location identifier 1426, 
an LES location identifier 1428, an LES upper margin iden 
tifier 1427 and an LES lower margin identifier 1429. 
0194 The plot 1420 also may include anatomical image 
1430 which illustrates a pharynx. 1432, a stomach 1434, the 
esophagus 1436, the UES 1433 and the LES 1431. 
0.195. In an aspect of visually indicating landmark location 
identifiers to a user, the profile pot 1420 may be part of a GUI 
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that enables a user to manual select and relocate the location 
of one or more of the landmark location identifiers, for 
example, by clicking and dragging one or more of the land 
mark location identifiers using a mouse. This may be helpful 
for a user that has enough knowledge about the anatomy (e.g., 
a physician) to make judgments about the proper location of 
a landmark. Such user can move the landmark location iden 
tifier to a spatial position at which the user believes the ana 
tomical landmark represented by the identifier is located 
based on the user's interpretation of the visual display of the 
detected values on the profile plot and/or on a temporal plot. 
0196. Accordingly, in an aspect of visually indicating 
landmark location identifiers, the locations of the landmark 
location identifiers may be determined automatically, as 
described below in relation to FIGS. 16-21, manually, or a 
combination thereof. A GUI may provide a user the ability to 
select between automatic or manual determination of the 
location of one or more anatomical landmarks and to toggle 
between the two, post hoc or in real time. 
0197) A profile plot that concurrently visually indicates 
detected values, landmark location identifiers and/or an ana 
tomical image may be visually indicated concurrently with a 
temporal plot visually indicating at least a Subset of the 
detected values, in real time or post hoc. 
(0198 FIG. 15 is an example of a display 1550 including a 
profile plot 1554 that includes visual indications of detected 
values, landmark location identifiers and an anatomical 
image. Display 1550 also includes a moving contour plot 
1552 that visually indicates the detected values. Display 1550 
may be generated by a plurality of the logical components 
included in visualization component 106, as will be described 
in more detail below. 

0199 The values visually indicated in moving contour 
plot 1552 and profile plot 1554 may be values detected over a 
period of time from a plurality of sensors located along the 
upper GI tract of a human while the human is at rest (e.g., just 
breathing regularly, not Swallowing, coughing, gagging). As 
can be seen from the peaks of the line trace 1555 in profile plot 
1554 and the brighter tones visually indicated along spatial 
lengths 1560 and 1562 of the moving contour plot, higher 
pressure is detected around the UES and the LES. 
0200. Accordingly, it may be desirable to determine the 
location of anatomical landmarks along the upper GI tract by 
detecting the values over a period of time while the subject 
(e.g., a human) is at rest. Making the determination at rest 
may be more desirable because the pressure detected at the 
UES, LES and along the esophagus do not fluctuate signifi 
cantly as they do when the Subject is Swallowing, for example, 
as illustrated in FIG. 8. 

0201 As can be seen in FIG. 8, when a subject is swal 
lowing, a pressure wave descends down the esophagus over 
time. As will be described in more detail below in relations to 
FIGS. 16-21, determining the location of anatomical land 
marks may depend on determining local maximums of pres 
Sure detected along the upper GI tract. Accordingly, these 
determinations may be skewed if the positions of local maxi 
mums change over time as illustrated in FIG. 8. 
0202 Thus, after the location of one or more anatomical 
landmarks has been determined while the subject is at rest, it 
may be desirable to leave the visual indication of these loca 
tions unchanged by disabling the ability to determine the 
location of one or more anatomical landmarks. Accordingly, 
when values are then detected for a specific event, such as 
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Swallowing or coughing, the determined locations of the one 
or more anatomical landmarks will not be skewed. 
0203 As discussed above, in an aspect of the invention, 
display 1550 may be part of a GUI that enables a user to click 
and drag on any of the landmark location identifiers, for 
example, UES identifier 1555, LES identifier 1556, LES 
upper margin identifier 1561, LES lower margin identifier 
1563 and PIP identifier 1557. Further, the GUI may be con 
figured such that when a user clicks on (and possibly drags) a 
landmark location identifier, a spatial location identifier of the 
anatomical landmark may be displayed on the moving con 
tour plot 1552. Alternatively, such spatial location identifier 
continually may be displayed on the moving contour plot 
1552. For example, LES spatial location identifier 1558 may 
be displayed continually on moving contour plot 1552 or may 
be displayed in response to a user clicking on and/or dragging 
LES identifier 1556. 
0204 FIG. 16 is a flow chart illustrating an example of a 
method 1300 of determining the location of an anatomical 
landmark along a dimension of an organism. For the descrip 
tion of FIGS. 16-22, each “channel” represents a series of 
values detected at a respective sensor over time. 
0205. In Act 1302, for each channel, a sum-based value of 
the channel for a period of time may be determined. The 
sum-based value of a channel may be the sum of all values of 
the channel detected over a period of time, the average value 
detected on the channel over a period of time (i.e., the Sum 
divided by the number oftemporal intervals), or another value 
derived from the sum, for example, a normalized value. In an 
example where the Sum-based value is an average, the aver 
age may be determined based on the following equation: 

W Equation 1 
AC = X. Ci/N 

i=l 

where A is the average determined for the ith channel, N is 
the number of values detected for the given channel, and C, 
is the jth value of the ith channel. 
0206. In a next Act 1304, a function defining values as a 
function of distance may be generated based on the Sum 
based values. The function could be generated using any of a 
variety of techniques, for example, using known curve fitting 
techniques such as cubic spline interpolation. 
0207 As an alternative to performing Acts 1302 and 1304, 
where Sum-based values for each channel are determined and 
then a function generated based on these Sum-based values, 
these steps may be essentially reversed as follows. For each 
channel, a function may be generated defining the values of 
the channel as a function of time, and then an average value 
may be determined for each channel by integrating the 
defined function over a period of time. The location of the 
anatomical landmark then may be determined based on the 
averages determined for each channel. 
0208. In Act 1306, the position of a local maximum of the 
function (e.g., in a region local to the esophagus) may be 
determined. For example, the position of the local maximum 
may be determined by performing a point-by-point compari 
son of values generated from the function at different spatial 
positions or by using well-known techniques based on to 
determining the derivative of the function. This determined 
position may serve as the location of the anatomical landmark 
along a dimension of an organism. 
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0209. The determined function may have more than one 
local maximum. Thus, Act 1306 may include determining a 
position of a first local maximum within a predefined spatial 
range. This predefined spatial range may be determined based 
on knowledge of the portion of the organism from which the 
values are being detected. For example, the values may be 
detected from the upper GI tract of a human from a detection 
system including a catheter and a plurality of sensors embed 
ded therein or attached thereto. Thus, method 1300 may be 
applied to determine the position of the UES or LES. For the 
UES, the predefined range may be from five to ten cm from a 
reference point, and for the LES, the predefined range may be 
from twenty-five to thirty-five cm from the reference point. 
The catheter may be inserted at a proximal depth within the 
upper GI tract based on knowledge of the general position of 
the UES and LES within the upper GI tract. 
0210. As an alternative to Acts 1304 and 1306, the location 
of the anatomical landmark may be determined by selecting a 
channel within a spatial range that has the highest determined 
stun-based value. The spatial range may be predetermined 
based on knowledge of the portion of the organism from 
which the values are being detected. 
0211 FIG. 17 is a display 1700 illustrating an example of 
line trace plots of values detected from a plurality of channels 
(corresponding to sensors) 1708, 1710, 1712, 1714, 1716, 
1718 and 1720 on a temporal plot having a spatial axis 1704 
and a temporal axis 1702. The visually indicated values may 
have been detected along a dimension of an upper GI tract of 
a subject while the subject was at rest. As can be seen, for each 
channel, the detected values may be cyclical in nature, having 
a cycle 1706 corresponding to a respiratory cycle of the 
Subject. 
0212 FIG. 18 is an example of a sum-based plot 1800 
having a spatial axis 1804 and value axis 1802, including 
visual indications of the determined sum-based values 1808, 
1810, 1812, 1814, 1816, 1818 and 1820 determined for chan 
nels 1708, 17010, 1712, 1714, 1716, 1718, 1720, respec 
tively. Plot 1800 includes a line trace 1822 of function values 
produced by applying a function generated based on the Sum 
based values 1808-1820. The position of the first local maxi 
mum of the determined function may be indicated at location 
1823. Alternatively, the position of the anatomical landmark 
may be determined based on the sum-based values them 
selves, in which case the position of the anatomical landmark 
may be at the location corresponding to Sum-based value 
1814. 

0213 FIG. 19 is a flow chart illustrating an example of a 
method 1400 for determining the spatial position and length 
of an anatomical landmark of an organism based on values 
detected over a period of time from an organism. Acts 1402 
1406 may be performed as described above for Acts 1302 
1306, respectively. In an aspect of method 1400, where the 
position and length of an LES of a human is being deter 
mined. Act 1406 may include determining a position within a 
predefined spatial range within which it is known the LES 
resides. Alternatively, the position of the local maximum in 
Act 1406 may be determined by selecting from a plurality of 
local maximums determined in Act 1404, a local maximum of 
the function determined at a furthest distance from a reference 
point (i.e., the spatially last local maximum), or a local maxi 
mum occurring within a certain predefined distance from 
where a local maximum of the UES is determined. 

0214. In Act 1408, a first position, located before (i.e., 
located closer to a reference point) the location of the deter 
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mined local maximum, at which a value of the function 
crosses a predetermined threshold may be determined. For 
example, a location within a predefined vicinity of the local 
maximum, at which a function crosses a predefined threshold 
and has a positive slope, may be determined or, a last (i.e., 
furthest from a reference point) crossing of the threshold 
before the determined local maximum may be determined. 
For example, referring to FIG. 18, where the determined local 
maximum is located at position 1822, the first position at 
which function 1822 crosses a predefined threshold may be 
determined as spatial position 1824. 
0215. In Act 1410, a second position, located after (i.e., 
further from a reference point) than the location of the deter 
mined local maximum, at which a value of the function 
crosses a predetermined threshold may be determined. For 
example, Act 1410 may include determining a position within 
the vicinity of the determined local maximum at which the 
value of the function crosses the predetermined threshold and 
has a negative slope, or may include determining a last posi 
tion occurring after the second local maximum at which the 
value of the function crosses the predetermined threshold. 
0216 For example, referring to FIG. 18, it may be deter 
mined that the value of the function defined by line trace 1822 
crosses the predetermined threshold after location 1822 at 
spatial position 1826. 
0217. In Act 1412, a difference between the first position 
and the second position may be determined to produce a 
length of an anatomical landmark, for example, an LES. For 
example, referring to FIG. 18, the difference between first 
position 1824 and second position 1826 may be determined to 
be length 1828, which serves as the length of the is anatomical 
landmark. 

0218 FIGS. 20A and 20B comprise a flow chart illustrat 
ing an example of a method 1500 for determining a position 
of a PIP within the upper GI tract of a human based on values 
detected along the upper GI tract over a period of time. 
0219. In Act 1502, a position and length of the LES are 
determined, for example, as described in method 1400. 
0220. In Act 1504, for each channel within a predefined 
proximity to the determined location of the LES, for each 
value detected for the channel, the value may be subtracted 
from the average value of the channel to produce an average 
normalized value for the value. For example, if the average of 
each channel was determined by application of Equation 1 
above, the normalized average of each value of a channel may 
be determined by application of the following equation: 

AN-C-Ac; Equation 2: 

where AN, is an average-normalized value determined for the 
jth value of the ith channel, C, is the jth value of the ith 
channel and A is the average value of the ith channel. 
0221. In a next Act 1506, it may be determined which 
channel within a predefined proximity to the LES has a high 
est root-Sum-squared (RSS) amplitude based on the average 
normalized values determined for the values of each channel. 
The RSS of each channel within the proximity may be deter 
mined by application the following equation: 

Equation 3 W 

X(AN) RSS = Sqrt 
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where RSSi is the determined RSS of an ith channel, N is the 
number of values detected for the ith channel, and AN is the 
average-normalized value for anjith value of the ith channel. 
The channel with the greatest RSSamplitude may be referred 
to as the mth channel. 
0222. In a next Act 1508, a correlation measure may be 
determined between each channel and the channel deter 
mined in Act 1506. Any of a variety of techniques may be 
used to determine this correlation measure, for example, 
application of equation 4: 

W Equation 4 
CM = X. AN AN, 

i=l 

where CM, is the correlation measure of the ith channel, AN. 
is an average-normalized value for the jth value of the ith 
channel and AN, is an average-normalized value of the mth 
value of the channel determined in Act 1506. 
0223) In Act 1510, a correlation measure function may be 
generated defining correlation as a function of position based 
on the correlation measures determined for each channel in 
Act 1508. For example, known curve-fitting techniques may 
be employed to generate the function. 
0224. In Act 1512, one or mare Zeros of the correlation 
measure function may be determined using known tech 
niques for determining Zeros of a function. 
0225. Next, in Act 1522, it may be determined whether 
there is more than one Zero. 
0226. If there is not more than one Zero, then in Act 1523, 
the PIP is identified as the position at which the Zero was 
determined. 
0227. If it is determined that there is more than one Zero, 
then in Act 1524, for each determined Zero, a slope at the 
position of the Zero is determined, and in Act 1526, the slope 
with the maximum magnitude may be determined. 
0228. In Act 1528, the position of the PIP is identified as 
the position at which the Zero having the slope with the 
maximum magnitude was determined. 
0229 FIG. 21 includes a correlation measure plot 2100 
having a spatial axis 2102 and a correlation measure axis 
2104. The correlation measures illustrated in FIGS. 21:2108, 
2110, 2112, 2114, 2116, 2118 and 2120, may correspond to 
channels 1708, 1710, 1712, 1714, 1716, 1718 and 1720 of 
FIG. 17. As illustrated by the line trace 2122 of the correlation 
measure function, the correlation measure function has a Zero 
at location 2124. 
0230. Any of a variety of other techniques may be used to 
determine the location of a PIP. For example, Fast Fourier 
Transformations based on a first and second harmonic of the 
respiratory frequency of the Subject being examined may be 
employed to determine the location of the PIP. 
0231. The location ofanatomical landmarks may be deter 
mined using values detected over a fixed time frame or for a 
sliding time frame. For example, for a three hundred second 
period during which values are detected, a fixed time frame 
may be set at thirty seconds such that the location of one or 
more anatomical landmarks may be determined at the end of 
each thirty second interval for the previous thirty seconds of 
detected values. Alternatively, for a same time period, a slid 
ing time frame may be employed Such that the location of one 
or more anatomical landmarks is determined for overlapping 
thirty second interval within the three hundred seconds. In 
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other words, the location of one or more anatomical land 
marks may be determined for intervals from Zero to thirty 
seconds, one to thirty-one seconds, two to thirty-two seconds, 
two hundred seventy one to three hundred seconds, etc. 
0232. The sliding time frame technique may be preferred 
if it is desirable to have the determined locations of the ana 
tomical landmarks updated continually. This continual updat 
ing may be beneficial if the sensors that are detecting the 
values are moving over time. 
0233. As described above, the plurality of sensors that 
detect values over time each may be separated from a nearest 
sensor by a predefined distance, for example one cm. Thus, if 
the location from which the values are being detected and the 
location of the one or more sensors remains fixed, then the 
spacing between the sensors, for example, one cm, defines the 
spatial resolution of the determined location of one or more 
anatomical landmarks. To effectively increase the spatial 
resolution of the determined locations, values may be 
detected over a first period of time, and then the sensors may 
be moved a predefined distance that is less than the spacing 
between the sensors, for example, /2 cm for sensors that are 
spaced one cm apart. After the sensors have been moved, 
values may be detected by the sensors over a second period of 
time. Methods 1300, 1400 and/or 1500 then may be per 
formed on the combined set of values detected during both 
periods. By applying this technique, the spatial resolution of 
the determined locations of one or more anatomical land 
marks may be increased, resulting in a more accurate deter 
mination of the location of the one or more anatomical land 
marks. 

0234. In an aspect of the invention, the landmark location 
determination component 632 of visualization component 
106 may be configured to determine the location of one or 
more anatomical landmarks, for example, as described above 
in relation to FIGS. 16-21. The landmark location determi 
nation component 632 may be configured with an input to 
receive detected values, for example, detected values 602, and 
with an input to receive user input, for example, user input 
604. Based on these inputs, the landmark location determi 
nation component may determine the locations of one or 
more anatomical landmarks and output these determined 
locations to one or more other logical components of visual 
ization component 106, for example, landmark identification 
component 622, temporal plot component 608, profile plot 
component 610, and/or frame display controller 612. 
0235. The landmark location determination component 
may include Summing logic to Sum the values of a channel 
detected over a period of time, averaging logic to determine 
an average value of values detected by a channel over a time, 
a function generator to generate a function defining values as 
a function of distance based on determined Sum-based values, 
local maximum logic to determine local maximums based on 
Sum-based values, threshold crossing logic to determine 
when values generated by a function cross a predetermined 
threshold, average-normalized value logic to generate aver 
age-normalized values as described above, RSS logic to 
determine a root-Sum-squared amplitude of a channel and 
compare it to the root-Sum-squared amplitudes of other chan 
nels to determine which channel has a highest root-Sum 
squared amplitude, correlation measure logic to determine a 
correlation between channels and to determine a correlation 
measure function as described above, Zero determining logic 
to determine the Zero of a correlation measure function and 
any of a variety of other logical components. 
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0236. As described above in relation to FIG. 11, when 
detected values are visually indicated on a temporal plot using 
a line tracing technique, it may be desirable to display values 
detected from only a subset of the sensors. In an embodiment 
of visually indicating values detected from a Subset of sensors 
on a temporal plot, the sensors for which to display detected 
values may be determined based on one or more distances 
defined relative to one or more anatomical landmarks. 
0237 FIG.22 is an example of a method 2200 of visually 
indicating values detected by a Subset of sensors on a tempo 
ral plot (e.g., using a line tracing technique) based on one or 
more distances defined relative to one or more anatomical 
landmarks. In Act 2202, one or more distances relative to one 
or more anatomical landmarks are received for which to dis 
play values detected at sensors located at the received dis 
tances. 

0238. In Act 2204, the sensors located at the one or more 
received distances are determined, and in Act 2206, the values 
detected by the determined sensors are visually indicated on 
the temporal plot, for example, using the line tracing tech 
nique. Such one or more distances may be received from a 
user as part of the user input, for example, input entered by a 
user on a GUI. 
0239 FIG. 23 is an example of a control panel 2300 of a 
GUI through which a user can define one or more distances 
relative to a UES and/oran LES. The control panel 2300 may 
include distance entry boxes 2304 and relative anatomical 
landmark check boxes 2302. Thus, using the control panel 
2300, a user may define one or more distances relative to UES 
or an LES by checking an anatomical landmark reference in 
one of check boxes 2302 and entering a distance in one of 
boxes 2304. In the example of FIG. 23, the user has entered 
instructions to display values detected at sensors located: two 
cm above UES, at UES, five cm below UES, thirteen cm 
above LES, eight cm above LES, three cm above LES, at LES 
and five cm below LES for a total of eight sensors. 
0240 FIG. 24 illustrates an example of a display 2400 
including a temporal plot visually indicating value using a 
line tracing technique and a profile plot 2404 visually indi 
cating values using a line tracing technique. Display 2400 
may be generated by a plurality of the components of visual 
ization component 106, as will be described in more detail 
below. 
0241 Display 2400 may result from the user inputs illus 
trated in control panel 2300. UES location identifier 2409 
indicates that the UES is located at the location of sensor “7” 
LES location identifier 2407 indicates that the LES is located 
at the location of sensor “30.’ Accordingly, as indicated by 
sensor identifiers 2406, values detected at sensors “5”, “7”, 
“12”, “17”, “22”, “27”, “30 and “35” (two cm above UES, at 
UES, five cm below UES, thirteen cm above LES, eight cm 
above LES, three cm above LES, at LES, and one cm below 
LES, respectively) are visually indicated on temporal plot 
2402. 

0242 Further, the location along the upper GI tract at 
which the sensors for which values are being visually indi 
cated are indicated by displayed sensor indicators 2408 and 
2410 on profile plot 2404. In an embodiment, as illustrated in 
FIG. 24, the displayed sensor indicators 2408 for sensors 
selected due to their distance relative to the UES may be 
visually indicated with a first symbol (e.g., a diamond) and 
sensor indicators 2410 for sensors selected due to their dis 
tances relative to the LES may be visually indicating using a 
second symbol (e.g., an arrow). The different symbols used to 
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visually indicate displayed sensor indicators 2408 and dis 
played sensorindicators 2410 indicate to a user an association 
with a respective landmark. 
0243 In an aspect of the invention, landmark referencing 
components 634 of visualization component 1036 may be 
configured to visually indicate values detected by a subset of 
sensors on a temporal plot based on one or distances to find 
relative to one or more anatomical landmarks, for example, as 
described above in relation to FIGS. 22-24. The landmark 
referencing component 634 may be configured with an input 
to receive user input, for example, user input 604, that defines 
one or more distances relative to one or more anatomical 
landmarks, and may be configured to determine the sensors 
located at the one or more received distances and to output 
instructions to one or more other components to visually 
indicate the values detected by the determined sensors on the 
temporal plot. A landmark referencing component 634 may 
be configured to output the instructions to visually indicate 
the values to any of the logical components of visualization 
component 106, for example, temporal component 608, pro 
file plot component 610, landmark identification component 
622, frame display controller 612, or any of the other logical 
components of visualization component 106. Landmark ref 
erencing component 634 may be configured to control the 
visual indication of control panel 2300. 
0244. As described above, when detected values are visu 
ally indicated on a temporal plot and a profile plot concur 
rently, the values visually indicated on the profile plot typi 
cally are from a temporal interval for which values are 
displayed on the temporal plot at a location closest to a tem 
poral origin of the temporal plot (e.g., a column of pixels 
closest to the origin of the temporal axis). It may be desirable, 
however, to be able to display values on the profile plot 
corresponding to a temporal interval selected by a user. 
0245 Accordingly, in an embodiment of visually indicat 
ing detected values to a user on a temporal plot and a profile 
plot, concurrently, a user may be enabled to select a specific 
temporal interval on the temporal plot to be displayed on the 
profile plot. 
0246 FIG. 25 is an example of a display 2600, for 
example, included as part of a GUI, including a temporal plot 
2602 and a profile plot 2604 on which detected values are 
visually indicated to a user. Display 2600 may be generated 
by logical components of visualization component 106, as 
will be described in more detail below. 
0247 A user may be enabled to click at a specific temporal 
position along the temporal axis 205 of the temporal plot 
2602, in response to which the profile plot 2604 visually 
indicates values detected during the temporal interval corre 
sponding to the temporal position on the profile plot 2604. 
0248. The temporal plot may indicate the spatial position 
selected by the user with a vertical line, for example, temporal 
interval indicator 2606. As described above with respect to 
FIG. 8, values visually indicated on a temporal plot may first 
be displayed on at or near the origin 2608 of the temporal axis 
2605 and may move from right to left over time. 
0249. In response to the user selecting a temporal position 
along the temporal axis 2605, in addition to displaying the 
temporal position indicator 2606, the profile plot 2604 may 
visually indicate the values detected during the temporal 
interval corresponding to the selected temporal position. The 
profile plot 2604 may continue to display the values detected 
during the selected temporal interval corresponding to the 
temporal position, as opposed to being updated with new 
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temporal intervals at the refresh rate of display 2600, until a 
user indicates that the values corresponding to the temporal 
position are no longer to be displayed. For example, the user 
could click on the temporal position indicator 2606. In 
response to the user de-selecting the spatial position, the 
profile plot 2604 may return to displaying the value corre 
sponding to the temporal interval nearest the origin 2608 of 
the temporal plot 2602, which changes over time. A GUI 
including display 2600 may be configured to enable a user to 
select and de-select a spatial position for which to visually 
indicate values using any of a variety of other techniques. 
0250 In an aspect of the invention, temporal interval 
selection component 626 may be configured to enable a user 
to select a specific temporal interval on a temporal plot and to 
enable the visual indication of the values detected during the 
selected temporal interval on the profile plot, for example, as 
described above in relation to FIG. 25. The temporal interval 
selection component 626 may receive user inputs specifying 
a selected interval, and send instructions to one or more 
logical components of visualization component 106 to dis 
play a vertical line corresponding to the selected interval and 
to visually indicate the values detected during the temporal 
interval on a profile plot. For example, the temporal interval 
selection component may send Such outputs to the temporal 
plot component 608, the profile plot component 610, the 
frame display controller 612 or any of the other logical com 
ponents of the visualization component 106. 
0251. In an embodiment of visually indicating values 
detected over a period of time, the detected values may be 
visually indicated on a first temporal plot and a second tem 
poral plot concurrently. For example, a first temporal plot 
may display values using the first technique (e.g., a contour 
technique, a line tracing technique or a mesh plot technique) 
and the second temporal plot may display the same values 
using a different technique. Optionally, one of the temporal 
plots may be scaled down Such that it can be Superimposed on 
the other temporal plot. 
0252 FIG. 26 is an example of a display 2700 including a 

first temporal plot 2702 visually indicating values detected 
over a period of time using a line tracing technique, and a 
second temporal plot 2704 visually indicating values detected 
over the period of time using a contour technique. Display 
2700 may be generated by components of visualization com 
ponent 106, as will be described in more detail below. 
0253) As illustrated in FIG. 26, the second temporal plot 
2704 has been scaled down and superimposed on the first 
temporal plot 2702. Display 2700 may be part of a GUI that 
includes a control, for example, control 2706 that enables a 
user to turn off and turn on the concurrent visual indication of 
two temporal plots. 
0254. Such concurrent visual indication of two temporal 
plots that each use a different technique for visually indicat 
ing values may be beneficial because each technique may 
convey different information to a user. For example, as 
described above, the line tracing technique may be Superior 
for visually indicating precise values detected at a sensor over 
a period of time, whereas the contour technique may be 
Superior for illustrating a finer spatial resolution of values 
detected over time to a user. It should be appreciated that 
although FIG. 26 shows a temporal plot using a contour 
technique 2704 scaled down and Superimposed on a temporal 
plot using a line tracing technique 2702, this aspect of the 
invention is not limited as such, as the scaled down, Superim 

20 
Mar. 22, 2012 

posed plot 2704 and temporal plot 2702 may each visually 
indicate values using any of a plurality of techniques. 
0255. In an aspect of the invention, the temporal plot com 
ponent 608 of visualization 106, described above, may be 
configured to visually indicate values on two temporal plots 
concurrently, for example, using any of the techniques 
described above. In another aspect of the invention, annota 
tions may be added to a temporal plot. For example, annota 
tions may indicate when a significant value, for example, the 
location of an anatomical landmark along a dimension of an 
organism, has changed further. Other annotations may indi 
cate an event for which the detected values are detected, for 
example, a cough, breathing, Swallowing food, Swallowing a 
liquid. In fact, any information may be added as an annotation 
to a temporal plot. 
0256 If annotating a temporal plot, it may be desirable to 
indicate a temporal interval to which an annotation applies. 
Accordingly, in an aspect of the invention, the temporal inter 
Val for which an annotation applies is visually indicated on a 
temporal plot. A GUI on which a temporal plot may be dis 
played may provide a user controls to select or input an 
annotation to be added to a temporal plot and may enable a 
user to select the temporal interval to which the annotation is 
to be applied. 
0257 For example, referring to FIG. 26, temporal plot 
2702 may include an annotation 2710, an annotation interval 
indicator 2708 and one or more annotation components 2712. 
Thus, annotation 2710 may indicate to a user an annotation 
for temporal interval corresponding to the temporal position 
along the temporal axis indicated by annotation interval 2708. 
Each of the one or more annotation controls may enable a user 
to specify a different type of annotation. One or more types of 
these annotations may be predefined and one or more of these 
annotations may allow a user to customize an annotation to be 
added to temporal plot 2702. 
0258. In an aspect of the invention, the annotation compo 
nent 624 of the visualization 106 may control a visual indi 
cation of annotations on a temporal plot. For example, the 
annotation component may receive user input, for example, 
user input 604 input from one or more other components of 
the visualization component 106, from which the annotation 
component may determine an annotation to be displayed on a 
temporal plot and the temporal position along the temporal 
axis of the temporal plot at which to display the annotation. 
For example, the annotation component may receive input 
from the landmark location determination component 632 
that indicates that the automatically determined location of an 
anatomical landmark has changed. Further the anatomical 
component may receive a user input indicating the location of 
an anatomical landmark. In response to receiving Such output 
from component 632, annotation component 624 may deter 
mine the temporal interval for which to display the changed 
value of the anatomical landmark location and the new value 
for the anatomical landmark location. The annotation com 
ponent 624 may output annotations and locations of annota 
tions to the temporal plot 608 and/or the framed display 
control 612. 
0259 When detecting values over a period of time using 
sensors along a dimension of an organism, it may occur that 
one or more of the sensors fail to detect a value during one or 
more temporal intervals, for example, because one or more 
sensors malfunctions. Accordingly, it may be desirable to 
interpolate values for Such sensors based on values detected 
by the remaining sensors during a temporal interval. 
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0260 FIG. 27 is a flow chart illustrating an example of a 
method 2800 for interpolating values for one or more sensors 
for which no values are detected during a temporal interval. In 
Act 2802, for a next (e.g., a first) temporal interval, the values 
detected by a plurality of sensors of an array of sensors during 
a temporal interval may be received. 
0261. In Act 2804, it may be determined that no value is 
detected by one or more of the sensors of the array of sensors 
during the temporal interval. Accordingly, in Act 2806, values 
may be interpolated for the one or more sensors for the tem 
poral interval based on the values detected by the plurality of 
sensors during the temporal interval. For example, a linear 
interpolation based on two sensors adjacent to the sensor for 
which no value was detected may be performed. Alterna 
tively, a non-linear interpolation may be performed, for 
example, a cubic spline interpolation, based on the plurality 
of sensors for which values were detected. In an aspect, two or 
more consecutive sensors may not have detected values. In 
this case, cubic spline interpolation may be used or a 
weighted linear interpolation may be applied, in which the 
determined value for a sensor for which no values were 
detected is determined based on the two nearest sensors for 
which values were detected, where for each nearest sensor, its 
value is weighted depending on its proximity to the sensor for 
which the value is not detected. 

0262. In Act 2808, other processing for the temporal inter 
val may be performed using the detected values and the inter 
polated values as if the interpolated values were actually 
detected values. Any of the processing described herein as 
being performed on detected values also may use the inter 
polated values as if they were detected values. For example, 
the processing performed to visually indicate values on a 
temporal plot or profile plot may use the interpolated values 
as if they were actually detected values. Further, the determi 
nation of the location of one or more anatomical landmarks 
may use the interpolated values as if they were actually 
detected values. 

0263. In the next Act 2810, it may be determined whether 
there is a next temporal interval. If there is not a next temporal 
interval, then method 2800 ends, else the method returns to 
Act 2802. 

0264. In an aspect of the invention, values may be inter 
polated for sensors for which no values were detected by the 
virtual sensorinterpolator 620 illustrated above in FIG. 6. The 
virtual sensor interpolator 620 may be configured to imple 
ment method 2800. Virtual sensor interpolator 620 may be 
configured to receive values detected during a temporal inter 
val (e.g., detected value 602, and output values interpolated 
for sensors for which no values were detected (i.e., virtual 
sensor values). The virtual sensor interpolator 620 may be 
configured to send the virtual sensor values to any of a variety 
of the other logical components of visualization component 
106. For example, the virtual sensor interpolator 620 may 
provide virtual sensor values and detected values to temporal 
plot component 608 and profile plot component 610 so that 
these components may visually indicate that the detected 
values and virtual sensor values, alternatively, or in addition 
to, the virtual sensor 620 may provide the detected values and 
virtual sensor values to spatial resolution interpolator 616, 
which then may process these values and produce additional 
interpolator values to be passed to temporal component 608 
and profile plot component 610, as will be described in more 
detail below. It should be appreciated that the virtual sensor 
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interpolator 620 can provide values to any of the components 
of visualization component 106 as is described herein. 
0265. In addition to interpolating values for sensors for 
which no values were detected, values may be interpolated for 
locations between sensors to increase the spatial resolution of 
values visually indicated on a temporal plot and/or a profile 
plot. This interpolation may be applied to values detected 
during each temporal interval and used to display the values 
on the temporal plot using any non-line tracing technique, for 
example, using a contour technique, and may be displayed on 
a profile plot using any of a variety of non-histogram tech 
niques, for example, a contour technique or a line tracing 
technique. By interpolating values at locations between loca 
tions at which values were detected, the spatial resolution of 
visually indicated values may be increased to the point where 
a user perceives the spatial resolution of the data along a 
spatial axis of a plot as being continuous. It should be appre 
ciated that values interpolated for one or more sensors for 
which no values were detected may themselves be used to 
interpolate values for locations between locations of sensors. 
Consider an example where sensor A is located at one cm, 
sensor B is located at two cm and sensor C is located at three 
cm along a dimension of an organism. If sensors A and C 
detect values but sensor B does not, a value for sensor B may 
be interpolated from the value detected by sensors A and C 
and possibly other sensors. Next, values for locations 
between other sensors, including between sensors A and B 
and B and C may be interpolated based at least in part on the 
interpolated value for sensor B. 
0266. In another aspect of the invention, spatial resolution 
interpolator 616 of visualization component 106 may inter 
polate values for locations between sensors (including virtual 
sensors that may be determined by virtual sensor interpolator 
620), for example, as described above. The spatial resolution 
interpolator 616 may receive detected values 602 either 
directly or from virtual sensor interpolator 620 and may 
receive virtual sensor values from virtual sensor interpolator 
620. From these values, the spatial resolution interpolator 
may determine interpolated values for the locations between 
sensors and virtual sensors, for example, as described above. 
The spatial resolution interpolator 616 may be configured to 
output Such interpolated values to the temporal plot compo 
nent 608, the profile plot component 610, the frame display 
controller 612, or any of the other logical components of 
visualization component 106. 
0267 In another aspect of visually indicating values 
detected over a period of time by a plurality of sensors, the 
values detected by each sensor may be normalized by (e.g., 
changed by comparison to) another value. This value by 
which other values are normalized may be referred to as the 
“normalizing value.’ The normalizing value may be a prede 
termined value, a value input by a user, a value detected by a 
sensor during a particular temporal interval, an average value 
detected by a sensor over a period of time, or any of a variety 
of other values. 

0268 A user may be enabled to select a sensor (“the base 
line sensor”) from which to determine the normalizing value 
(e.g., a value detected during a particular temporal interval by 
the baseline sensor or an average value detected over a plu 
rality of intervals by the baseline sensor). For example, if the 
visually indicated values are visually indicated on a GUI, the 
GUI may enable the user to select a sensor, by example, by 
typing in the number of the sensor, or a location of the dis 
played sensor, or by clicking on a sensor identifier or sensor 
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location indicator visually indicated on a temporal plot or 
profile plot. In response to the selection, the normalizing 
value may be determined. The values detected by the sensors 
and values interpolated for the remaining sensors then may be 
reduced by the normalizing value, and visually indicated to 
the user, for example, on a temporal plot and/or a profile plot 
using any of a variety of techniques, including those tech 
niques described herein. 
0269. The identity of the baseline sensor and/or the iden 

tity of the values detected by the baseline sensor may be 
visually indicated to the user so that the user knows which of 
the plurality of sensors is the baseline sensor. Such identity 
may be visually indicated using any of a variety oftechniques, 
for example, by highlighting an identifier and/or location 
indicator of the baseline sensor and/or the visual indications 
of the visual indication of the values detected by the baseline 
sensor with a predefined tone, or by visually indicating a 
pointer of other icon. Such indication may assist the user in 
de-Selecting the baseline sensor, for example, by clicking on 
an identifier or location indicator of the normalized sensor. 
0270 FIG. 28 is a block diagram illustrating an example 
embodiment of a temporal plot component 608 of visualiza 
tion component 106. Temporal plot component may receive 
values 2802 and user input 2804 and output temporal plot 
information 206. Values 2802 may include values detected by 
a plurality of sensors along a dimension of an organism (e.g., 
along a length of an upper GI tract) during an interval of time, 
for example, detected values 602, and may include interpo 
lated values. Interpolated values may be values interpolated 
for a sensor for which no values were detected during the 
temporal interval, for example, as may be output by virtual 
sensor interpolator 620. Further, the interpolated values may 
include values interpolated for locations along the first 
dimension between locations at which values were detected, 
for example, values output by temporal interval selection 
component 626. 
0271 The user input may include any of a variety of the 
user input described herein for configuring a temporal plot, 
and may include user input 604. The temporal plot informa 
tion 2806 may be sent to frame display controller 602, and 
may be used to configure a frame of display information 606 
to be displayed on a GUI, which may be first stored in a frame 
buffer 618. 
0272. The temporal plot component 608 may include a 
mode controller 2808 that controls the technique to visually 
indicate values on the temporal plot component 608. The 
mode controller may receive user input 2804 that controls the 
technique to be used, and may be configured with a default 
technique to be used absent any user input. The contour map 
component 2810 may receive the value 2802 and a control 
signal from mode controller 2808. If the control signal indi 
cates that the technique to be used to visually indicate the 
values is the contour technique, then contour map component 
2810 may produce the temporal plot information 2806 from 
the values 2802. 
0273. The line tracing map component 2814 may receive 
the value 2802 and a control signal from mode controller 
2808. If the control signal indicates that the technique to be 
used to visually indicate the values is the line tracing tech 
nique, then line tracing map component 2814 may produce 
the temporal plot information 2806 from the values 2802. 
0274 The mesh plot map component 28.12 may receive 
the value 2802 and a control signal from mode controller 
2808. If the control signal indicates that the technique to be 
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used to visually indicate the values is the mesh plot technique, 
then mesh plot map component 2812 may produce the tem 
poral plot information 2806 from the values 2802. 
0275. The scaled window component 2816 may be con 
figured to receive values 2802 and user input 2804, and pro 
duce a scaled down version of a temporal plot to be Superim 
posed on a larger temporal plot, as described above in relation 
to FIG. 26. 
0276 FIG. 29 is a block diagram illustrating an example 
embodiment of a profile plot component 610 of visualization 
component 106. Profile plot component may receive values 
2902 and user input 2904 and output profile plot information 
206. Values 2902 may include values detected by a plurality 
of sensors along a dimension of an organism (e.g., along a 
length of an upper GI tract) during an interval of time, for 
example, detected values 602 and may include interpolated 
values. Interpolated values may be values interpolated for a 
sensor for which no values were detected during the profile 
interval, for example, as may be output by virtual sensor 
interpolator 620. Further, the interpolated values may include 
values interpolated for locations along the first dimension 
between locations at which values were detected, for 
example, values output by profile interval selection compo 
nent 626. 
0277. The user input may include any of a variety of the 
user input described herein for configuring a profile plot, and 
may include user input 604. The profile plot information 2906 
may be sent to frame display controller 602, and may be used 
to configure a frame 606 to be displayed on a GUI, which may 
be first stored in a frame buffer 618. 
0278. The profile plot component 608 may include a mode 
controller 2908 that controls the technique to visually indi 
cate values on the profile plot component 608. The mode 
controller may receive user input 2904 that controls the tech 
nique to be used, and may be configured with a default tech 
nique to be used absent any user input. The contour map 
component 29.10 may receive the value 2902 and a control 
signal from mode controller 2908. If the control signal indi 
cates that the technique to be used to visually indicate the 
values is the contour technique, then contour map component 
2910 may produce the profile plot information 2906 from the 
values 2902. 
0279. The line tracing map component 2912 may receive 
the value 2902 and a control signal from mode controller 
2908. If the control signal indicates that the technique to be 
used to visually indicate the values is the line tracing tech 
nique, then line tracing map component 2912 may produce 
the profile plot information 2906 from the values 2902. 
0280. The histogram map component 2914 may receive 
the value 2902 and a control signal, from mode controller 
2908. If the control signal indicates that the technique to be 
used to visually indicate the values is the histogram tech 
nique, then histogram map component 2914 may produce the 
profile plot information 2906 from the values 2902. 
0281 Aspects of the invention, including the methods 
described herein, acts thereof and various embodiments and 
variations of these methods and acts, individually or in com 
bination, may be defined by computer-readable signals tan 
gibly embodied on a computer-readable medium, for 
example, a non-volatile recording medium, an integrated cir 
cuit memory element, or a combination thereof. Such signals 
may define instructions, for example, as part of one or more 
programs, that, as a result of being executed by a computer, 
instruct the computer to perform one or more of the methods 
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or acts described herein, and/or various embodiments, varia 
tions and combinations thereof. Such instructions may be 
written in any of a plurality of programming languages, for 
example, Java, Visual Basic, C, C#, or C++, Fortran, Pascal, 
Eiffel, Basic, COBAL, etc., or any of a variety of combina 
tions thereof. The computer-readable medium on which such 
instructions are stored may reside on one or more of the 
components of a system, and may be distributed across one or 
more of Such components. 
0282. The computer-readable medium may be transport 
able such that the instructions stored thereon can be loaded 
onto any computer system resource to implement the aspects 
of the present invention discussed herein. In addition, it 
should be appreciated that the instructions stored on the com 
puter-readable medium, described above, are not limited to 
instructions embodied as part of an application program run 
ning on a host computer. Rather, the instructions may be 
embodied as any type of computer code (e.g., Software or 
microcode) that can be employed to program a processor to 
implement the above-discussed aspects of the present inven 
tion. 
0283. It should be appreciated that any single component 
or collection of multiple components of a computer system, 
for example, the computer system described below in relation 
to FIGS. 30 and 31, that perform the functions described 
above with respect to describe or reference the method can be 
generically considered as one or more controllers that control 
the above-discussed functions. The one or more controllers 
can be implemented in numerous ways, such as with dedi 
cated hardware, or using a processor that is programmed 
using microcode or software to perform the functions recited 
above. 
0284 Various embodiments according to the invention 
may be implemented on one or more computer systems. 
These computer systems, may be, for example, general-pur 
pose computers such as those based on Intel PENTIUM-type 
processor, Motorola PowerPC, Sun UltraSPARC, Hewlett 
Packard PA-RISC processors, or any other type of processor. 
It should be appreciated that one or more of any type com 
puter system may be used to implement any of the systems, 
system components, methods and acts described above and 
portions and variations thereof according to various embodi 
ments of the invention. Further, the software design system 
may be located on a single computer or may be distributed 
among a plurality of computers attached by a communica 
tions network. 
0285. A general-purpose computer system according to 
one embodiment of the invention is configured to performany 
of the methods, acts and portions thereof described herein, 
including any of those described above as being performed by 
logical components of visualization component 106. It 
should be appreciated that the system may perform other 
functions and the invention is not limited to having any par 
ticular function or set of functions. 

0286 For example, various aspects of the invention may 
be implemented as specialized software executing in a gen 
eral-purpose computer system 3000 such as that shown in 
FIG. 30. The computer system 3000 may include a processor 
3003 connected to one or more memory devices 3004, such as 
a disk drive, memory, or other device for storing data. 
Memory 3004 is typically used for storing programs and data 
during operation of the computer system 3000. Components 
of computer system 3000 may be coupled by an interconnec 
tion mechanism 3005, which may include one or more busses 
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(e.g., between components that are integrated within a same 
machine) and/or a network (e.g., between components that 
reside on separate discrete machines). The interconnection 
mechanism 3005 enables communications (e.g., data, 
instructions) to be exchanged between system components of 
system 3000. Computer system 3000 also includes one or 
more input devices 3002, for example, a keyboard, mouse, 
trackball, microphone, touch screen, and one or more output 
devices 3001, for example, a printing device, display screen, 
speaker. In addition, computer system 3000 may contain one 
or more interfaces (not shown) that connect computer system 
3000 to a communication network (in addition or as an alter 
native to the interconnection mechanism 3005. 
0287. The storage system 3006, shown in greater detail in 
FIG.31, typically includes a computer readable and writeable 
nonvolatile recording medium 3101 in which signals are 
stored that define a program to be executed by the processor 
or information stored on or in the medium 3101 to be pro 
cessed by the program. The medium may, for example, be a 
disk or flash memory. Typically, in operation, the processor 
causes data to be read from the nonvolatile recording medium 
3101 into another memory 3102 that allows for faster access 
to the information by the processor than does the medium 
3101. This memory 3102 is typically a volatile, random 
access memory Such as a dynamic random access memory 
(DRAM) or static memory (SRAM). It may be located in 
storage system 3006, as shown, or in memory system 3004, 
not shown. The processor 3003 generally manipulates the 
data within the integrated circuit memory 3004, 3102 and 
then copies the data to the medium 3101 after processing is 
completed. A variety of mechanisms are known for managing 
data movement between the medium 3101 and the integrated 
circuit memory element 3004, 3102, and the invention is not 
limited thereto. The invention is not limited to a particular 
memory system 3004 or storage system 3006. 
0288 The computer system may include specially-pro 
grammed, special-purpose hardware, for example, an appli 
cation-specific integrated circuit (ASIC). Aspects of the 
invention may be implemented in software, hardware or firm 
ware, or any combination thereof. Further, such methods, 
acts, systems, system elements and components thereof may 
be implemented as part of the computer system described 
above or as an independent component. 
0289 Although computer system 3000 is shown by way of 
example as one type of computer system upon which various 
aspects of the invention may be practiced, it should be appre 
ciated that aspects of the invention are not limited to being 
implemented on the computer system as shown in FIG. 30. 
Various aspects of the invention may be practiced on one or 
more computers having a different architecture or compo 
nents that that shown in FIG. 30. 
0290 Computer system 3000 may be a general-purpose 
computer system that is programmable using a high-level 
computer programming language. Computer system 3000 
may be also implemented using specially programmed, spe 
cial purpose hardware. In computer system 3000, processor 
3003 is typically a commercially available processor such as 
the well-known Pentium class processor available from the 
Intel Corporation. Many other processors are available. Such 
a processor usually executes an operating system which may 
be, for example, the Windows 95, Windows 98, Windows NT, 
Windows 2000 (Windows ME) or Windows XP operating 
systems available from the Microsoft Corporation, MAC OS 
System X available from Apple Computer, the Solaris Oper 
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ating System available from Sun Microsystems, or UNIX 
available from various sources. Many other operating sys 
tems may be used. 
0291. The processor and operating system together define 
a computer platform for which application programs in high 
level programming languages are written. It should be under 
stood that the invention is not limited to a particular computer 
system platform, processor, operating system, or network. 
Also, it should be apparent to those skilled in the art that the 
present invention is not limited to a specific programming 
language or computer system. Further, it should be appreci 
ated that other appropriate programming languages and other 
appropriate computer systems could also be used. 
0292. One or more portions of the computer system may 
be distributed across one or more computer systems (not 
shown) coupled to a communications network. These com 
puter systems also may be general-purpose computer sys 
tems. For example, various aspects of the invention may be 
distributed among one or more computer systems configured 
to provide a service (e.g., servers) to one or more client 
computers, or to perform an overall task as part of a distrib 
uted system. For example, various aspects of the invention 
may be performed on a client-server system that includes 
components distributed among one or more server systems 
that perform various functions according to various embodi 
ments of the invention. These components may be executable, 
intermediate (e.g., IL) or interpreted (e.g., Java) code which 
communicate over a communication network (e.g., the Inter 
net) using a communication protocol (e.g., TCP/IP). 
0293. It should be appreciated that the invention is not 
limited to executing on any particular system or group of 
systems. Also, it should be appreciated that the invention is 
not limited to any particular distributed architecture, network, 
or communication protocol. 
0294 Various embodiments of the present invention may 
be programmed using an object-oriented programming lan 
guage, such as SmallTalk, Java, C++. Ada, or C# (C-Sharp). 
Other object-oriented programming languages may also be 
used. Alternatively, functional, Scripting, and/or logical pro 
gramming languages may be used. Various aspects of the 
invention may be implemented in a non-programmed envi 
ronment (e.g., documents created in HTML, XML or other 
format that, when viewed in a window of a browser program, 
render aspects of a graphical-user interface (GUI) or perform 
other functions). Various aspects of the invention may be 
implemented as programmed or non-programmed elements, 
or any combination thereof. 
0295 Having now described some illustrative embodi 
ments of the invention, it should be apparent to those skilled 
in the art that the foregoing is merely illustrative and not 
limiting, having been presented by way of example only. 
Numerous modifications and other illustrative embodiments 
are within the scope of one of ordinary skill in the art and are 
contemplated as falling within the scope of the invention. In 
particular, although many of the examples presented herein 
involve specific combinations of method acts or system ele 
ments, it should be understood that those acts and those 
elements may be combined in other ways to accomplish the 
same objectives. Acts, elements and features discussed only 
in connection with one embodiment are not intended to be 
excluded from a similar role in other embodiments. Further, 
for the one or more means-plus-function limitations recited in 
the following claims, the means are not intended to be limited 
to the means disclosed herein for performing the recited func 
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tion, but are intended to cover in scope any means, known 
now or later developed, for performing the recited function. 
0296. As used herein, "plurality” means two or more. 
0297 As used herein, a “set of items may include one or 
more of Such items. 
0298 As used herein, whether in the written description or 
the claims, the terms “comprising”, “including”, “carrying. 
“having”, “containing”, “involving, and the like are to be 
understood to be open-ended, i.e., to mean including but not 
limited to. Only the transitional phrases "consisting of and 
“consisting essentially of, respectively, shall be closed or 
semi-closed transitional phrases, as set forth, with respect to 
claims, in the United States Patent Office Manual of Patent 
Examining Procedures (Original Eighth Edition, August 
2001), Section 2111.03 
0299 Use of ordinal terms such as “first, “second, 
“third”, etc., in the claims to modify claim element does not 
by itself connote any priority, precedence, or order of one 
claim element over another or the temporal order in which 
acts of a method are performed, but are used merely as labels 
to distinguish one claim element having a certain name from 
another element having a same name (but for use of the 
ordinal term) to distinguish the claim elements. 
What is claimed is: 
1-43. (canceled) 
44. A system comprising: 
a data processing device adapted to: 

obtain data representing pressure at a plurality of loca 
tions along the length of an organism; 

render in a graphical user interface a plot depicting at 
least a portion of the pressure data, the plot compris 
ing a spatial axis; 

receive user input identifying a location along the spatial 
axis corresponding to a structural feature of the organ 
ism; and 

based on the user input, display the plot in the graphical 
user interface with a visual indicator of the structural 
feature positioned relative to the spatial axis of the 
plot based on the identified location of the structural 
feature, the visual indicator being displayed to indi 
cate a positional relationship between the structural 
feature and the data. 

45. The system of claim 44, wherein: 
the visual indicator comprises a user manipulable control; 

and 
the data processing device is adapted to receive the user 

input through the graphical user interface via manipula 
tion of the control. 

46. The system of claim 45, wherein the user manipulable 
control is movable by the user along the spatial axis. 

47. The system of claim 44, wherein the visual indicator 
comprises a marker. 

48. The system of claim 47, wherein the structural feature 
comprises a sphincter and the marker comprises a user 
manipulable control movable by the user along the spatial 
axis to indicate the position of the sphincter. 

49. The system of claim 48, wherein the marker comprises 
a landmark location identifier having a label identifying the 
structural feature. 

50. The system of claim 48, wherein the marker extends 
across at least a portion of the plot. 

51. The system of claim 50, wherein the marker comprises 
a line extending over the plot along a temporal dimension. 
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52. The system of claim 44, wherein the visual indicator 
comprises an anatomical image representing the structural 
feature. 

53. The system of claim 52, wherein the anatomical image 
comprises an image representing a gastrointestinal tract and 
the structural feature comprises a sphincter. 

54. The system of claim 53, wherein the structural feature 
comprises a sphincter, and the image comprises a represen 
tation of the sphincter aligned with the spatial axis of the plot 
based on the identified location of the structural feature. 

55. The system of claim 44, wherein the data processing 
device is adapted to render the plot as a spatio-temporal plot 
depicting pressure contours. 

56. The system of claim 44, wherein the visual indicator 
comprises a textual identification of the structural feature. 

57. The system of claim 44, wherein the visual indicator 
comprises a numerical identification of the location of the 
structural feature. 

58. The system of claim 44, wherein the data processing 
device is further adapted to: 

render an annotation based on the identified location of the 
structural feature to indicate the identified location of the 
structural feature. 
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59. The system of claim 44, further comprising: 
a sensor component having an elongated axis, the sensor 

component comprising a plurality of sensors disposed in 
an array along the elongated axis, 

wherein the data processing device is adapted to receive the 
data representing pressure from the sensor component. 

60. The system of claim 59, wherein the sensor component 
comprises a catheter. 

61. The system of claim 44, wherein the plot comprises a 
spatial-temporal plot. 

62. A system comprising: 
a catheter having an elongated axis, the catheter compris 

ing a plurality of sensors disposed in an array along the 
elongated axis; 

a data processing device adapted to: 
receive data representing the output of the plurality of 

sensors while the catheter is disposed in a bodily 
lumen; and 

identify from the data a location along the length of the 
catheter of at least one structural feature of the bodily 
lumen. 

63. The system of 62, wherein the data processing device is 
adapted to identify the location of the structural feature by 
identifying a location of maximum pressure over a portion of 
the axis during an interval of time. 

c c c c c 


