US 20120139936A1

a9 United States

a2y Patent Application Publication (o) Pub. No.: US 2012/0139936 A1

HORN et al. 43) Pub. Date: Jun. 7, 2012
ublication Classification
54) SYSTEM AND METHOD FOR Publication Classificati
PRESENTATION OF DATA STREAMS
(51) Imt.CL
(76) Tnventors:  Eli HORN, Kiryat Motzkin (IL); Goer 1y oo
Hagai KRUPNIK, Nofit (IL) (2006.01)
(52) US.CL it 345/589
(21) Appl. No.: 13/398,386
57 ABSTRACT
(22) Filed: Feb. 16, 2012 7
An in-vivo sensing system and a method for creating a sum-
Related U.S. Application Data marized graphical presentation of a data stream captured
(60) Continuation of application No. 12/615,794, filed on in-vivo. The graphical presentation may be in the form of for
Nov. 10. 2009. now Pat. No 8 144 155 wilich is a example a color bar. The color bar may be a fixed display
continuétion ot’“ applica ti’on No ’1 1 /7’23 2’ 53 filed on along side a streaming display of the data stream. A cursor or
Mar. 19. 2007 nro) Sv Pat. No 7 636 09’2 Wilich is a other indicator may move along the fixed color bar as the data
diviéion’ofa ’lication N'D 16 /9’50 4,80 éle 4 on Se stream is displayed and/or streamed so as to indicate to a
28 2004 noxgpPat No. 7 2'1 5333 U P- health professional what part of the data stream may be cur-
’ ’ T mmmme rently displayed. The color content in the color bar may map
(60) Provisional application No. 60/507,508, filed on Oct. out the data stream and give indication of the location of

2, 2003.

225

anatomical sites as well as possible locations of pathology.

,—226

i—/222




Patent Application Publication Jun. 7,2012 Sheet 1 of 6 US 2012/0139936 Al

/3

47 SENSOR
— Ii\4z
2 3| |3
= = | |8
A
% g (ED
L41 45) 46) 42

// 18
(¢ 14
( z) )) DISPLAY /

STORAGE |1 16

STORAGE PROCESSING
UNIT
19

13

Fig. 1



Patent Application Publication

200 R

Jun. 7,2012 Sheet2 of 6

US 2012/0139936 A1

3 f_,230 — 222 f”210
E T Coso
E % 220
- _ — = >>
k240

Fig. 2



Patent Application Publication Jun. 7,2012 Sheet 3 of 6 US 2012/0139936 Al

320
{ GASTRIC Y

330
DUODENALY

LLLL Ll 2Ll ]

250

340
( cecum Y

Fig. 3

|, —226

= 225

A

~—222

Fig. 4A Fig. 4B



Patent Application Publication Jun. 7,2012 Sheet 4 of 6 US 2012/0139936 Al

\\210

Fig. 5

- 250

AN

AN

K\ 220 \ 225 k 226

F‘ 230

— I

0:00
6:00




Patent Application Publication Jun. 7,2012 Sheet 5 of 6 US 2012/0139936 Al

610\
o]  DISPLAY FIXED
PRESENTATION
620~ +
DISPLAY TIME BAR
630~ +
~ECEIVE USERINpuT | [INITIATE DATA STREAM
TO ANNOTATE v
PORTIONS OF FIXED DISPLAY STREAMING
PRESENTATION DISPLAY OF DATA &
\_ STREAM
680

640 +

650" POINT CURSOR

v

RECEIVE USER INPUT
TO CHANGE START

660— | POSITION OF

STREAMING DISPLAY

v

DEFINE START
% POSITION OF

670

STREAMING DISPLAY

Fig. 6



Patent Application Publication Jun. 7,2012 Sheet 6 of 6 US 2012/0139936 Al

EXTRACT FRAMES
FROM AN IMAGE 510
STREAM

v

CALCULATE VECTOR OF

AVERAGE COLOR 520
VALUES

APPLY FILTERING — 230

DECIMATE VECTOR — 540

Fig. 7



US 2012/0139936 Al

SYSTEM AND METHOD FOR
PRESENTATION OF DATA STREAMS

CROSS-REFERENCE TO RELATED
APPLICATONS

[0001] This application is a continuation of prior U.S.
patent application Ser. No. 12/615,794, filed Nov. 10, 2009,
entitled “SYSTEM AND METHOD FOR PRESENTATION
OF DATA STREAMS”, which is a continuation of prior U.S.
patent application Ser. No. 11/723,253, filed on Mar. 19,
2007, which in turn is a divisional application of prior U.S.
application Ser. No. 10/950,480, filed on Sep. 28, 2004 (now
U.S. Pat. No. 7,215,338), which in turn claims benefit from
prior U.S. provisional application Ser. No. 60/507,508 filed
on Oct. 2, 2003 entitled, “DEVICE, SYSTEM AND
METHOD FOR PRESENTATION OF IN-VIVO DATA” all
of which are incorporated in its entirety by reference herein.

FIELD OF THE INVENTION

[0002] The present invention relates to presentations of
data streams and to a system and method for presenting in-
vivo data.

BACKGROUND OF THE INVENTION

[0003] Known in-vivo imaging devices include ingestible
capsules that may capture images from the inside of the
gastrointestinal (GI) tract. Captured images may be transmit-
ted to an external source to be examined, for example, for
pathology by a healthcare professional. In some embodi-
ments, in-vivo devices may include various other sensors that
may transmit data to an external source for monitoring and
diagnosis.

[0004] An in-vivo device may collect data from different
points along a body lumen, for example lumens of the GI
tract, and transmit them externally for analysis and diagnosis.
The GI tract is a very long and curvy path such that it may be
difficult to geta good indication of where along this tract each
transmitted datum was obtained.

[0005] Time bars are known to be used when reviewing
data, so as to indicate to the health professional how far along
the image stream he/she may have advanced. However, since
the in-vivo device may stall or advance at different speeds
through various sections of a body lumen, for example, the GI
tract, it may not be positively determined in some cases where
or at what distance along the GI tract was a particular datum,
for example an image, captured. In addition, on the time bar
there may be no indication as to when the device may have
reached certain anatomical milestones, for example, the
duodenum, the cecum, or other anatomical locations in the GI
tract.

[0006] Localization methods have been applied. Some
localization methods may indicate the spatial position of the
device in space at any given time. Although this information
together with the time log may give the health professional a
better indication of the rate at which the device has advanced
it may still be difficult to correlate the spatial position of the
device in space to the specific anatomy of, for example, the GI
tract.

[0007] An in-vivo device may collect data from more than
one sensor along the very long and curvy path resulting in
multiple data streams captured by the in-vivo sensor. It may
be time consuming and difficult to review multiple long
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streams of data. In addition, it may be difficult for a health
profession to get an overall view of the contents of all the data
obtained.

SUMMARY OF THE INVENTION

[0008] Embodiments of the present invention may provide
a system and method for generating and displaying a fixed
graphical presentation of captured in-vivo data streams. In
one embodiment of the present invention, the fixed graphical
presentation is a varying visual representation of a quantity or
a dimension captured in an in-vivo data stream. In one
example the graphical presentation is in the form of a color
bar. In other embodiments of the present invention, the fixed
graphical presentation may be displayed along side a stream-
ing display of a data stream.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The subject matter regarded as the invention is par-
ticularly pointed out and distinctly claimed in the concluding
portion of the specification. The invention, however, both as
to organization and method of operation, together with
objects, features and advantages thereof, may best be under-
stood by reference to the following detailed description when
read with the accompanied drawings in which:

[0010] FIG.1 isaschematic illustration of an in-vivo imag-
ing system in accordance with embodiments of the present
invention;

[0011] FIG. 2 is a schematic illustration of a display of a
color bar together with other data captured in-vivo in accor-
dance with an embodiment of the present invention;

[0012] FIG. 3 is a schematic illustration of a color bar with
an identified anatomical site in accordance with an embodi-
ment of the current invention;

[0013] FIGS. 4A and 4B are schematic illustrations of
exemplary pH and blood detecting color bars respectively in
accordance with embodiments of the present invention;
[0014] FIG. 5is a display with more than one color bar that
may be viewed substantially simultaneously according to an
embodiment of the present invention;

[0015] FIG. 6 is a flow chart describing a method for pre-
sentation of in-vivo data according to an embodiment of the
present invention; and

[0016] FIG. 7 is a flow chart describing a method for con-
structing a color bar from a stream of images in accordance
with an embodiment of the present invention.

[0017] Tt will be appreciated that for simplicity and clarity
of illustration, elements shown in the figures have not neces-
sarily been drawn to scale. For example, the dimensions of
some of the elements may be exaggerated relative to other
elements for clarity. Further, where considered appropriate,
reference numerals may be repeated among the figures to
indicate corresponding or analogous elements.

DETAILED DESCRIPTION OF THE INVENTION

[0018] The following description is presented to enable one
of ordinary skill in the art to make and use the invention as
provided in the context of a particular application and its
requirements. Various modifications to the described embodi-
ments will be apparent to those with skill in the art, and the
general principles defined herein may be applied to other
embodiments. Therefore, the present invention is not
intended to be limited to the particular embodiments shown
and described, but is to be accorded the widest scope consis-
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tent with the principles and novel features herein disclosed. In
the following detailed description, numerous specific details
are set forth in order to provide a thorough understanding of
the present invention. However, it will be understood by those
skilled in the art that the present invention may be practiced
without these specific details. In other instances, well-known
methods, procedures, and components have not been
described in detail so as not to obscure the present invention.

[0019] Embodiments of the present invention offer a
device, system and method for generating a fixed graphical
presentation of a captured data stream, for example image
streams, other non-imaged data, or other data such as color
coded, possibly imaged data (e.g., pH data, temperature data,
etc.) that may have been collected in vivo, for example along
the GI tract. The summarized graphical presentation may
include, for example, a varying visual representation, for
example, a series of colors that may be at least partially
representative of a quantity and/or data collected, e.g. a series
of colors where each color presented on the bar may repre-
sentative of a value of a parameter. Other suitable represen-
tations may be used, and other visual dimensions or qualities,
such as brightness, size, width, pattern, etc. may be used. In
some embodiments of the present invention, the summarized
graphical presentation may be a fixed display along side a
streaming display of the data stream

[0020] In one embodiment of the invention, the presenta-
tion may map out a varying quantity (e.g. a captured data
stream) and may, for example, give indication of the relation-
ship between the data stream captured and the anatomical
origin or position relative to a start of the captured data
stream, for example, the approximate or exact site, for
example, in the GI tract from where various data captured
may have originated. In another embodiment of the invention,
the mapping may give, for example, an indication of an event
(e.g. a physiological event) captured, measured, or otherwise
obtained. In yet another embodiment of the invention, the
mapping may give for example an indication of change of one
or more parameters measured over time, for example, a
change occurring due to pathology, a natural change in the
local environment, or due to other relevant changes. The
location may be relative to other information, for example,
anatomical attributes along for example the GI tract. The
location may in some embodiments be an absolute location,
such as a location based on time or based on position of an
in-vivo information capture device, based on an image frame
in a sequence of images, etc.

[0021] Reference is made to FIG. 1, which shows a sche-
matic diagram of an in-vivo sensing system according to one
embodiment of the present invention. Typically the in-vivo
sensing system, for example, an image sensing system, may
include an in-vivo sensing device 40, for example an imaging
device having an imager 46, for capturing images, an illumi-
nation source 42, for illuminating the body lumen, a power
source 45 for powering device 40, and a transmitter 41 with
antenna 47, for transmitting image and possibly other data to
an external receiving device 12. In some embodiments of the
present invention, in-vivo device 40 may include one or more
sensors 30 other than and/or in addition to image sensor 46,
for example, temperature sensors, pH sensors, pressure sen-
sors, blood sensors, etc. In some embodiments of the present
invention, device 40 may be an autonomous device, a capsule,
or a swallowable capsule. In other embodiments of the
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present invention, device 40 may not be autonomous, for
example, device 40 may be an endoscope or other in-vivo
imaging sensing device.

[0022] The in-vivo imaging device 40 may typically,
according to embodiments of the present invention, transmit
information (e.g., images or other data) to an external data
receiver and/or recorder 12 possibly close to or worn on a
subject. Typically, the data receiver 12 may include an
antenna or antenna array 15 and a data receiver storage unit
16. The data receiver and/or recorder 12 may of course take
other suitable configurations and may not include an antenna
or antenna array. In some embodiments of the present inven-
tion, the receiver may, for example, include processing power
and/or a LCD display from displaying image data.

[0023] The data receiver and/or recorder 12 may, for
example, transfer the received data to a larger computing
device 14, such as a workstation or personal computer, where
the data may be further analyzed, stored, and/or displayed to
a user. Typically, computing device 14 may include process-
ing unit 13, data processor storage unit 19 and monitor 18.
Computing device 14 may typically be a personal computer
or workstation, which includes standard components such as
processing unit 13, amemory, for example storage or memory
19, a disk drive, a monitor 18, and input-output devices,
although alternate configurations are possible. Processing
unit 13 typically, as part of its functionality, acts as a control-
ler controlling the display of data for example, image data or
other data. Monitor 18 is typically a conventional video dis-
play, but may, in addition, be any other device capable of
providing image or other data. Instructions or software for
carrying out a method according to an embodiment of the
invention may be included as part of computing device 14, for
example stored in memory 19.

[0024] In other embodiments, each of the various compo-
nents need not be required; for example, the in-vivo device 40
may transmit or otherwise transfer (e.g., by wire) data directly
to a viewing or computing device 14

[0025] In-vivo imaging systems suitable for use with
embodiments of the present invention may be similar to vari-
ous embodiments described in U.S. Pat. No. 5,604,531,
assigned to the common assignee of the present application
and incorporated herein by reference, and/or Publication
Number WO 01/65995, also assigned to the common
assignee of the present application and incorporated herein by
reference. Other in-vivo systems, having other configura-
tions, may be used. Of course, devices, systems, structures,
functionalities and methods as described herein may have
other configurations, sets of components, processes, etc.
[0026] Embodiments of the present invention include a
device, system, and method for generating a typically concise
and/or summarized graphical presentation of parameters
sensed through or over time in a body lumen, for example the
GI tract or any other tract, through which a sensing device
may be present and/or traveling. Viewing a data stream cap-
tured by an in-vivo device, e.g., viewing an image stream
transmitted by an ingestible imaging capsule may be a pro-
longed procedure. A summarized presentation of the data
captured that may, for example, provide a visual representa-
tion and/or map of the captured data and may help focus a
health professional’s attention to an area of interest and/or
may promote a health professional’s understanding of the
origin and contents of the data being viewed.

[0027] One or more streams of data obtained from said
sensing device may be processed to create one or more sum-
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marized presentations that may, for example, be displayed in
a graphical user interface, for example a graphical user inter-
face of analysis software.

[0028] According to one embodiment, presentation of a
data stream (e.g., a stream or set of images, a sequence of pH
data, etc.) may be with a bar, for example, a color bar that that
may be displayed, for example, on a monitor 18 perhaps
through a graphical user interface, or, for example, in real
time on an LCD display on a receiver 12 as a data stream is
being captured. The presentation may include a varying
visual representation of a quantity or a dimension represent-
ing, for example, a varying quantity captured in a portion of
(e.g., an image frame) an in-vivo data stream. In one example
the dimension may be color. The presentation may typically
be an abstracted or summarized version of image or other data
being presented, for example, streamed on a different portion
of the display. The presentation may typically include mul-
tiple image items or data items such as bars, stripes, pixels or
other components, assembled in a continuing series, such as a
bar including multiple strips, each strip corresponding to an
image frame. For example, a portion of the presentation may
represent a summary of the overall color scheme, brightness,
pH level, temperature, pressure, or other quantity on a dis-
played frame or data item.

[0029] Reference is now made to FIG. 2 showing a display
and/or a graphical user interface 200 for displaying data cap-
tured in-vivo data. Display 200 may include a summarized
graphical presentation 220 of an in-vivo data stream, for
example, a color bar. Typically, the graphical presentation
220 may be a fixed presentation displayed alongside a stream-
ing display of a data stream 210, for example, an image
stream in accordance with some embodiments of the present
invention. In other embodiments of the present invention,
graphical presentation 220 may be displayed separately. The
graphical presentation 220 may include a series of colors, a
series of colored areas, or a series of patterns, image items,
images or pixel groups (e.g., a series of stripes 222 or areas of
colorarranged to form a larger bar or rectangular area), where
each, for example, color in the series 222 may be associated
with and/or correspond to an element or a group of elements
in the original data stream. For example, each colored stripe
222 may correspond to an image or a group of images from a
data stream 210. Image units other than stripes (e.g., pixels,
blocks, etc.) may be used, and the image units may vary in a
dimension other than color (e.g., pattern, size, width, bright-
ness, animation, etc). One image unit (e.g., a stripe 222) may
represent one or more units (e.g., image frames) in the origi-
nal data stream. Typically, the series of, for example, colors in
the bar may be arranged in the same sequence or order in
which the data stream, for example, the images or groups of
images may typically be displayed. In one embodiment of the
present invention, pointing at a stripe in a graphical presen-
tation 220 may advance the image stream to the frames cor-
responding to that stripe.

[0030] The color bar may be generated by, for example,
assigning a color to each element (e.g., an image frame) or
subgroup of elements in the data stream and then processing
the series of colors, for example such that it may emphasize
variations within the displayed properties. In one embodi-
ment of the invention, it may be processed, for example to
emphasize cue points in an accompanying video such that, for
example, it may be used as an ancillary tool for indicating
points of interest. In one embodiment of the invention, a
stream of data 210 may be displayed along side one or more
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bars and/or graphical presentations (220 and 230) described
herein. The data stream 210 may be for example data repre-
sented in the graphical presentation 220 (e.g. a captured in-
vivo image stream) or other data obtained and/or sampled
simultaneously or substantially simultaneously with the data
represented in the graphical presentation 220. In one
example, a marker or indicator 250 may progress across or
along the graphical presentation 220 as the substantially cor-
responding datum in data stream 210 (e.g., video) may be
concurrently displayed to indicate the correspondence
between the graphical presentation 220 and the data stream
210. In other embodiments of the invention, the presentation
may be of a shape other than a bar, for example a circle, oval,
square, etc. According to other embodiments, the presenta-
tion may be in the form of an audio tract, graph, and other
suitable graphic presentations.

[0031] An indicator 250 such as a cursor may advance
along the time bar 230 and graphical presentation 220 as the
image stream 210 is scrolled on the display 200. In one
example, control buttons 240 may be included in the display
that may allow the user to, for example, fast-forward, rewind,
stop play or reach the beginning or end of, for example, an
image stream 210. In other embodiments of the present inven-
tion, a user may control the display of a data stream 210, for
example, by altering the start position of the streaming dis-
play, e.g. skipping to areas of interest, by moving the position
of indicator 250, for example with a mouse or other pointing
device. In other embodiments of the present invention, a user
and/or health professional may insert indications or markers
such as thumbnails to mark location along the image stream
for easy access to those locations in the future. For example,
a health professional may mark these milestones on the
graphical presentation 220 (e.g., using a pointing device such
as amouse, a keyboard, etc). Some embodiments described in
Published United States patent application US-2002-
0171669-A1, entitled “System and method for annotation on
amoving image”, published on Nov. 21, 2002, assigned to the
assignee of the present invention and incorporated by refer-
ence herein in its entirety, include methods and devices to
mark or annotate portions of an image stream; such methods
may be used in conjunction with embodiments of the present
invention. Other suitable methods for marking or annotating
a stream of data may be used. A user may then “click” on the
thumbnails to advance to the site of datum, for example the
image frame, of interest or alternatively click on the graphical
presentation 220 to advance or retract to the image frame, of
interest and then, for example, continue or begin streaming
and/or viewing the data stream from that desired point of
interest.

[0032] Thumbnails or other markers may be defined based
on an image of interest from the data stream 210, based on a
location identified on the graphical presentation 220 or based
on a time recorded on time bar 230. Other suitable methods of
defining thumbnails or other markers or notations may be
used. For example, a computer algorithm may be used to
identify thumbnails that may be of interest to, for example,
the health professional. Algorithm based thumbnails may
also, for example, be based on an image of interest from the
data stream 210, based on a location identified on the graphi-
cal presentation 220 or based on a time recorded on time bar
230, or other methods. In other embodiments, the graphical
presentation 220 may be in itself a series of color thumbnails,
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so that a user may point or “click” on colors in the color bar to
restart the display of the data stream from a different point in
the stream.

[0033] FIG. 3 is a schematic illustration of a tissue color bar
according to an embodiment of the present invention. Tissue
graphical presentation 220 may have been obtained through
image processing of a stream of images obtained, for
example, from an imager 46 imaging the tissue of the GI tract.
Other lumens may be sensed, and other modalities (e.g.,
temperature) may be sensed. The tissue graphical presenta-
tion 220 represents, for example, a compressed and perhaps
smoothed version of the image stream captured such that the
top horizontal strip of color on the bar may represent a first
image, a first representative image, or a first group of images
captured and the bottom horizontal strip of color may repre-
sent the last image, the last representative image, or a final set
of images captured; in alternate embodiments only a portion
of the image stream and/or other data stream may be repre-
sented.

[0034] In one embodiment of the present invention, the
color scheme of image frames taken of tissue over time may
change, for example as an in-vivo imaging device 40 travels
along the GI tract. Changes in the color scheme of the images
may be used to identify, for example, passage through a
specific anatomical site, for example, the duodenal, cecum or
other sites, and/or may indicate pathology, for example bleed-
ing or other pathology. When presenting an image stream of
a tissue in a summarized, concise color bar, the changes in
color streams may be readily identified. For example, passage
into the cecum may be identified by a color that may be
typical to the large intestine, for example, a color that may
indicate content or a color typical of the tissue found in the
large intestine. Entrance into the duodenum may be identified
by another color that may be typical of the tissue in the small
intestine. Other anatomical sites may be identified by observ-
ing color and/or changing color streams on a color bar, for
example, a tissue color bar. In other embodiments a patho-
logical condition, such as for example, the presence of pol-
yps, bleeding, etc., may be identified by viewing, for
example, a tissue graphical presentation 220. A specific area
of interest, such as pathology indicated by blood, may be
directly identified through the tissue. As such a health profes-
sional may first examine the tissue graphical presentation 220
and only afterwards decide what block of images to review. In
some embodiments of the present invention, an algorithm
may be employed to identify anatomical sites, pathologies, or
areas of interest using data from such a color bar and bring
them to the attention of a health professional, by for example
marking the area of interest along the displayed color bar. A
health professional may use the thumbnails or markings
along a tissue color bar, for example, markings and/or mark-
ings of the first gastric image 320, the first duodenum image
330 and the first cecum image 340 to locate where along the
GI tract the data 210 (concurrently being displayed) may be
originating from. Knowing the area at which an image was
captured may help a health professional decide if an image
viewed is representative of a healthy or pathological tissue,
and may help a health professional to determine other condi-
tions.

[0035] According to some embodiments, different colors
or other visual indications, shades, hues, sizes or widths, etc.
may be artificially added to a processed data stream, for
example, in order to accentuate changes along the data
stream. Other processing methods may be used to enhance the
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information presented to the user. In one embodiment of the
invention smoothing may or may not be performed on
selected pixels based on decision rules. For example in one
embodiment of the invention smoothing may not be per-
formed on dark pixels or on green pixels that may indicate
content in the intestines.

[0036] Referenceisnow madeto FIGS.4A and 4B showing
an example, of graphical presentations in the form of a bar
other than tissue color bars. For example, FIG. 4A shows a
schematic example of'a pH color bar 225 that may map out pH
measurements obtained, for example over time or alterna-
tively along a path of a body lumen. Other measurements may
be used, for example, temperature, blood sensor, and pressure
measurements may be used. Data obtained from an in-vivo
pH sensor may be displayed with color, brightness, and/or
patterns to map out the pH over time and/or over a path, for
example a GI tract where different colors may represent, for
example, different pH levels. In other examples, different
colors may represent different levels of changes in pH levels.
Other suitable presentations may be displayed. Changes in
pH along a path may be due to pathology, entrance into or out
of anatomical locations, etc. Observed changes in pH over
time may, for example, classify physiological occurrences
over time, for example a healing process, progression of a
medical condition, etc. FIG. 4B is a schematic illustration of
blood detecting color bar 226. In one example, color stripes
222 along the bar may indicate a site where blood may have
been detected.

[0037] In one embodiment of the present invention, color
bar 226 may give indication of the presence of blood over a
period of time. International application published as WO
02/26103 entitled “An immobilizable in vivo sensing device”
assigned to the assignee of the present invention which is
incorporated by reference herein in its entirety includes, inter
alia, descriptions of embodiments of devices, such as cap-
sules, that may be anchored at post-surgical sites. Embodi-
ments described in International application WO 02/26103
may be used in conjunction with the system and methods
described herein to capture and transmit data for an in-vivo
site over time. A presentation of the captured data, for
example a color bar may give indication of any changes
occurring over time from a current static situation or may
show an overview of how a tissue healed or changed over time
without having to review the entire stream image by image.

[0038] Reference is now made to FIG. 5 showing schemati-
cally a graphical user interface for viewing a streaming dis-
play of in-vivo data 210 along with multiple fixed summa-
rized graphical presentations 220, 225, and 226 of a data
stream. A single scrolling indicator 250 may be used along
with a time bar 230 to point to a position along the fixed
presentation of the data streams (220, 225, and 226) so as to
indicate where along the bars the data 210 presently being
displayed originated. The individual color bars may include
for example, a tissue graphical presentation 220, a pH color
bar 225, and a blood detector color bar 226. Other number of
graphical presentations, other suitable types of bars summa-
rizing other data, and other suitable types of presentations
may be used. Multiple graphical presentations may be helpful
in diagnosis of medical conditions as well as locating within
a stream of data, sites of interest. Multiple graphical presen-
tation may increase the parameters that are available to a
health professional when reviewing, for example, an image
stream and may give a better indication of the environmental
condition that may exist at a point of observation. For
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example, in one embodiment, pH, temperature and tissue
graphical presentations or other presentation may be dis-
played, possibly, side by side. In an alternate embodiment,
two or more streams of information may be displayed simul-
taneously and combined into a single graphical presentation
using for example a unifying algorithm. For example, pH and
temperature can be combined into a single color bar where,
for example, red holds the temperature values and blue holds
the pH values (other suitable colors may be used). A physician
may choose which parameters he/she is interested in viewing
as a map or summary. Having more than one set of parameter
available at one time may make it easier to find more ana-
tomical sites and to identify areas that may, for example,
contain pathologies. Numerous algorithms based on case
studies or other suitable data may be applied to suggest to the
physician alert sites or other information obtained from one or
more color bars or from the combination of one or more color
bars. Other suitable indicating maps, information summaries,
or color bars may be used.

[0039] Non-limiting examples of different types of graphi-
cal presentations (e.g., color bars, series of brightness levels,
etc.) may include:

[0040] Tissue graphical presentation: brightness, pat-
tern, or other visual representation of a tissue image
stream;

[0041] Temperature graphical presentation: color,
brightness, pattern, or other visual representation of
sensed in-vivo temperature data over time and/or along a
body lumen;

[0042] PH graphical presentation: color brightness, pat-
tern, or other visual representation of sensed in-vivo
temperature data over time and/or along a body lumen;

[0043] Oxygen saturation graphical presentation: color,
brightness, pattern, or other visual representation of
sensed oxygen saturation over time and/or along a body
lumen;

[0044] Pressure graphical presentation: color, bright-
ness, pattern, or other visual representation of sensed
in-vivo pressure over time and/or along a body lumen;

[0045] Blood detection graphical presentation: color,
brightness, pattern, or other visual representation of
sensed presence of bleeding over time and/or along a
body lumen;

[0046] Biosensor graphical presentation: color, bright-
ness, pattern, or other visual representation of results
obtained from one or more in-vivo biosensors;

[0047] Speed graphical presentation: color, brightness,
pattern, or other visual representation of the speed of a
moving in-vivo device;

[0048] Spatial position graphical presentation: color,
brightness, pattern, or other visual representation of the
spatial position and/or orientation of an in-vivo device
over time;

[0049] Ultrasound graphical presentation: color, bright-
ness, pattern, or other visual representation of data
sensed from an in-vivo ultrasound probe; and

[0050] Motility graphical presentation: color, bright-
ness, pattern, or other visual representation of the sensed
motility of a traveling in-vivo device.

[0051] International application published as
W002102223, entitled “MOTILITY ANALYSIS WITHIN A
GASTROINTESTINAL TRACT” assigned to the assignee of
the present invention and incorporated by reference herein in
its entirety includes, inter alia, a device, system, and methods
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for determining in-vivo motility that may be used in conjunc-
tion with the device, system, and method described herein.
Other suitable representations other than bars and other suit-
able types of data may be implemented using the device,
system, and method described herein.

[0052] Reference is now made to FIG. 6 showing a flow
chart of a method for presentation of an in-vivo data stream
according to an embodiment of the present invention. In block
610 a fixed presentation of a data stream may be displayed,
e.g. a color bar, a series of strips of varying width or bright-
ness, etc., summarizing, for example, an image stream, a pH
data stream, temperature data stream etc. A user may annotate
portions of the fixed presentation (block 680) for example
identified anatomical sites and/or physiological events. More
than one fixed presentation may be displayed. In block 620 a
time bar indicating the time that data from a displayed data
stream may have been sampled and/or captured may be dis-
played. A time bar need not be used. The data stream to be
displayed may be initiated (block 630) so as, for example, to
begin the streaming display. In block 640, streaming of the
data stream may begin. The displayed data stream may be
other than the data stream represented in the fixed presenta-
tion. For example, an in-vivo device may capture images as
well as sample, for example, temperature values, as it
progresses through the body lumen. In one example, a fixed
presentation of temperature values may be displayed along
side a streaming display of image frames captured substan-
tially simultaneously. In other examples, the fixed presenta-
tion as well as the streaming display may be of the captured
image frame. In block 650 as the data stream progress, a
cursor or other indicator may point to a position on the fixed
presentation (as well as the time bar) that may correspond to
the data (e.g., an image frame, a pH value) displayed in the
displayed data stream. In block 660, a command may be
received to stream the display from a different point in the
data stream. In one example, the user may drag the cursor
along the fixed presentation to indicate the point at which the
streaming should begin. In other examples, the user may
annotate portions in the fixed presentation (block 680) and at
some point click on the annotations to begin streaming the
data stream at the corresponding point in the displayed
streamed data stream. Other suitable methods of receiving
user inputs may be implemented and other suitable methods
of annotations other than user input annotations may be
implemented, for example as may have been described
herein. In block 670 the start position of the streaming display
may be defined by a user input and with that information a
command to begin streaming from the defined point may be
implemented. Other operations or series of operations may be
used.

[0053] Various suitable methods may be use to abstract data
from the source data stream (e.g. an image stream, a series of
temperature data) to the fixed representation. Reference is
now made to FIG. 7 describing a method of generating a fixed
summary of a data representation, for example a tissue color
bar, according to an embodiment of the present invention. In
an exemplary embodiment, in block 510 a set (wherein set
may include one item) or series of data items, for example
frames from an image stream may be extracted. For example
every 107 frame from the image stream may be extracted
and/or chosen to represent the image stream in a fixed pre-
sentation. In other embodiments, all the data items or frames
may be included, or every 5%, 207, or any other suitable
number of frames may be used. In yet other embodiment of
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the present invention, an image representing an average of
every two or more frames may be used. In one example, a
criterion may be defined by which to define one frame out of
a block of frames (e.g. two or more frames) to be representa-
tive of that block. In block 520 a vector of average color or
other values (e.g., brightness values) may be calculated. In
one embodiment of the present invention, the average color is
calculated in a defined area in each frame, for example, a
defined area that is smaller than the area of the image frame.
For example, an average red, blue, and green value in a
defined area of each frame in the series of frames chosen may
be calculated to form 3 color vectors. In one example, the
defined area may be a centered circle, for example with a
radius of 102 pixels taken from an image frame containing,
for example 256x256 pixels. In other examples, only one or
two colors may be used to generate a color bar. In block 530
a filter may be applied, for example a median filter, on the
vector of average color values, for example, the three color
vectors: red, green, and blue. An exemplary filter may for
example have a length defined by the following equation:

1+2 (alpha*N/Np); alpha=2.2;

[0054] where N is the original pixel size and Np is the
desired pixel size of the resultant tissue color bar presenta-
tion. Other equations or formulae may be used.

[0055] In block 540 the pixel size of the resultant tissue
color bar presentation may be set by decimating the vector of
colors to a desired size, for example, decimating each color
vector to the desired size by interpolation.

[0056] Other methods of generating a tissue color bar or
other data summary may be implemented. In one embodi-
ment, a series of data items, such as for example one or more
individual images, may be converted to a data point, such as
a color area or a color strip within a larger display area, such
as a color bar. An average brightness value for each image or
set of images may be found, and a bar or assemblage of strips
of widths, patterns, colors or brightnesses corresponding to
the averaged values may be generated. The values such as pH,
pressure or temperature corresponding to each of an image or
set of images (e.g., ina device collecting both image and other
data) may be found, and a bar or assemblage of strips or other
image units of widths, colors or brightnesses corresponding
to the averaged values may be generated. One or more images
may be converted or processed to a corresponding stripe of
color. Various data items may be combined together to indi-
vidual data points using, for example, averaging, smoothing,
etc. In one embodiment the luminance of the images can be
normalized and only normalized chromatic information of
the data for example the tissue’s color, can be shown, elimi-
nating, for example, the contribution of the light source. Other
color bars or other presentations of data obtained in-vivo
other than imaged data may be generated.

[0057] Color bars and other representations of data may aid
in reducing the viewing time necessary to review an image
stream. A health professional may, in one embodiment of the
present invention, use a pointer, for example, a mouse to point
at an area along the color bar that may be of interest. The
graphical user interface may in turn skip to the corresponding
location on the data stream, so that a health professional may
focus into the area of interest without having to review an
entire image stream. A health professional may for example,
change the rate at which to view different portions defined by
atissue color bar. A specific area of interest, such as pathology
indicated by blood, may be directly identified through the
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tissue. As such a health professional may first examine the
tissue color bar and only afterwards decide what block of
images is he interested in reviewing. When screening patients
it may be possible only to review one or more data presenta-
tions, such as a tissue color bar. In other examples, a summa-
rized graphical presentation of a data stream may be gener-
ated in real time in for example a recorder 12, and displayed
in real time on a display included in recorder 12.

[0058] In other embodiments of the present invention, a
graphical presentation, for example, color bar may be used for
other purposes besides presentation of in-vivo data. For
example, a color bar may be used as a summarizing presen-
tation of any stream of frames, for example a video. A sum-
marized graphical presentation, for example a color bar as
described herein, of a video may help a viewer to locate
different scenes in a video and possibly fast forward, rewind
or skip to that scene. For example, a scene in a movie that
might have been filmed outdoors may for example have a
different color scheme than a later or earlier scene that may
have been filmed indoors. The color bar may be analogous to
a color table of contents.

[0059] The foregoing description of the embodiments of
the invention has been presented for the purposes of illustra-
tion and description. It is not intended to be exhaustive or to
limit the invention to the precise form disclosed. It should be
appreciated by persons skilled in the art that many modifica-
tions, variations, substitutions, changes, and equivalents are
possible in light of the above teaching. It is, therefore, to be
understood that the appended claims are intended to cover all
such modifications and changes as fall within the true spirit of
the invention.

1. A computer-implemented method for displaying an in
vivo image stream, comprising:

receiving, by a receiver, an in vivo image stream transmit-

ted by an ingestible imaging capsule;

generating a summarized graphical presentation of the in

vivo image stream in the form of a fixed color bar, the
color bar presenting changes in the color scheme of
images of the in vivo image stream;

obtaining an identification of an anatomical site, the iden-

tification being obtained using data relating to changes
in color from the color bar; and

providing an indication of the position of the anatomical

site.

2. The method of claim 1 comprising displaying the color
bar using a computer display.

3. The method of claim 2 comprising displaying the indi-
cation along the displayed color bar.

4. The method of claim 1 wherein the anatomical site is
selected from cecum, duodenum, entrance to stomach,
entrance to small intestine and entrance to large intestine.

5. The method of claim 1 comprising obtaining an identi-
fication of passage of the imaging capsule through the ana-
tomical site.

6. The method of claim 5 comprising obtaining an identi-
fication of passage into the cecum by identifying a color that
indicates content or a color typical of tissue in the large
intestine.

7. The method of claim 5 comprising obtaining an identi-
fication of passage into the duodenum by identifying a color
typical of tissue in the small intestine.

8. The method of claim 1 comprising obtaining an identi-
fication of at least a first gastric image, a first duodenum
image and a first cecum image.
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9. The method of claim 1 wherein the indication of the
position of the anatomical site comprises an indication of the
position of the anatomical site relative to a start of the in vivo
image stream.

10. The method of claim 2 comprising displaying, along-
side the color bar, an additional fixed summarized graphical
presentation.

11. The method of claim 10 wherein the additional fixed
summarized graphical presentation is selected from a time
bar, a graphical presentation of sensed motility of the imaging
capsule, a graphical presentation of sensed in-vivo tempera-
ture, a graphical presentation of sensed in-vivo pH, a graphi-
cal presentation of sensed oxygen saturation, a graphical pre-
sentation of sensed in-vivo pressure, a graphical presentation
of sensed presence of bleeding, a graphical presentation of
results obtained from a biosensor, a graphical presentation
speed of in-vivo speed of the imaging capsule, a graphical
presentation of data sensed by an ultrasound probe and a
graphical presentation of spatial position and/or orientation
of the imaging capsule.

12. The method of claim 1 comprising displaying the in
vivo image stream.

13. The method of claim 1 comprising displaying an indi-
cation of change of one or more parameters measured over
time.

14. The method of claim 13 wherein the parameters mea-
sured over time include a change occurring due to pathology
or a natural change in the local environment.

Jun. 7,2012

15. The method of claim 1 wherein the location is based on
time, based on position of an in-vivo information capture
device, or based on an image frame in a sequence of images.

16. The method of claim 1 comprising receiving the iden-
tification of an anatomical site from a user.

17. The method of claim 1 comprising automatically sug-
gesting an identification of an anatomical site to a user.

18. A system for displaying an in vivo image stream, com-
prising:

areceiver for receiving an in vivo image stream transmitted

by an ingestible imaging capsule;

a monitor to display data related to the image stream;

a processing unit to:

generate a summarized graphical presentation of the in
vivo image stream in the form of a fixed color bar, the
color bar presenting changes in the color scheme of
images of the in vivo image stream;

obtain an identification of an anatomical site, the iden-
tification being obtained using data relating to
changes in color from the color bar; and

provide an indication of the position of the anatomical
site on the monitor.

19. The system of claim 18 comprising an input device for
receiving the identification of an anatomical site from a user.

20. The system of claim 18 wherein the monitor is further
to display the color bar, and wherein the indication of the
position of the anatomical site is displayed along the color
bar.
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