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SYSTEM AND METHOD FOR DETERMINING
PATH LENGTHS THROUGH A BODY LUMEN

FIELD OF THE INVENTION
The present invention relates to an in-vivo device traveling through a body

lumen, and in particular to a system and method to determine the path length or

distance through a body lumen to a specified location.

BACKGROUND OF THE INVENTION

The gastrointestinal (GI) tract may typically be a convoluted long tube that
folds many times to fit inside the é.bdomen, proceeding through the esophagus,
stomach, small intestine, and large intestine. Autonomous in-vivo devices, for
example, ingestible devices that may move through the GI tact, and that may collect
data and transmit the data to a receiver system, are known in the art. Such devices
may be used to examine areas that may otherwise be difficult to access with non-
autonomous devices such as for example, endoscopes, colonscopes, gastroscopes,
enteroscopes, laparoscopes, catheters, etc.

During examination of a patient with an autonomous device, a physician may
identify one or more sites of interest. A physician may want to revisit the sites of
interest using, for example, an alternate device (e.g. endoscope, colonscope, a second
autonomous device etc). Revisiting may be for more examining, sensing, diagnosing,
treating, surgery, etc. In some instances, a physician may attempt to revisit a site of
interest with a non-autonomous device only to discover that the site of interest is
beyond the range that the non-autonomous device can penetrate. In other instances,
an attempt to revisit the site of interest may be carried out with more than one
alternate device before succeeding in locating the site of interest. This may lead to

unnecessary discomfort, cost, and potential risk to the patient.

SUMMARY OF THE INVENTION
Various embodiments of the present invention provide a system and method
for determining path length through a body lumen, for example path length or
distance to a specified location. In some embodiments of the present invention a raw

path length of the in-vivo device traveling to a specified location along a body lumen
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tnay be compared to a raw path length of the in-vivo device traveling through the
entire body lumen. The ratio between the two path lengths together with a pre-
selected body Tumen length may be used to determine a true path length through a
body lumen to a specified location.  Typically the system of the present invention
may include an in-vivo device, a location detection system and a path-length detection

unit, Other configurations may be used.

| BRIEF DESCRIPTION OF THE DRAWINGS

‘The subject matter regarded as the invention is particularly pointed out and
distirictly 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 understood by reference to the following
detailed description when read with the accompanied drawings in which:

Figure 1 is a schematic illustration of an in-vivo system according ‘to an
embodiment of the present invention;

Figure 2 is a schematic illustration of a simulated body Iumen and a
superimposed estimated path through measured location points according to an
embodiment of the present invention;

Figure 3 is an estimated maximum error distribution resulting from using an
estimated value of the total length of a body lumen, according to an embodiment of
the present invenﬁén;

Figure 4 is a simulated maximum distance error as a function of location along
a small intestine according to an embodiment of the present invention; and

. AI:*“i‘gu‘Ie 5 is a flow chart describing a method for determining distance through
a body lumen according to some embodiment of the present invention.

It will be appreciated that for simplicity and clarity of illustration, elements
shown in the figures have not necessarily been dfawn 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
In the following description, various aspects of the present invention will be

described. For purposes of explanation, specific configurations and details are set
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forth in order to provide a thorough understanding of the present invention. However,
it will also be apparent to one skilled in the art that the present invention may be
practiced without the spec_ific details presented herein. Furthermore, well-known
features may be omitted or simplified in order not to obscure the present invention.

Embodiments of the system, and method of the present invention may
typically be used in conjunction with an in-vivo sensing device and system such as
described in embodiments in U.S. patent 5,604,531 to Iddan et al. and/or in
International Application number WO 01/65995 entitled “A Device And System For
In-Vivo Imaging”, published on 13 September 2001, both of which are assigned to the
common assignee of the present invention and both of which are hereby incorporated
by reference. Other embodiments of the system and method of the present invention
may be used in conjunction with an in-vivo device and system such as is described in
embodiments in International Application number WO/03005877, entitled “Device
and method for examining a body lumen”, published on January 23, 2003, which is
assigned to the common assignee of the present invention and is hereby incorporated
in its entirety by reference. Alternate embodiments of the system and method of the
present invention may be used with other devices, e.g. non-imaging and/or non-in-
vivo devices.

Embodiments of the in-vivo device that may be used together with the system
and method of the present invention may typically be antonomous and may typically
be self-contained. For example, the in-vivo device may be a capsule or another unit
where all the components may be substantialty contained within a container or shell,
and where the in-vivo device may not require any wires or cables to, for example,
receive power or transmit information. The in-vivo device may communicate with an
external receiving and display system to provide display of data, control, or other
fiinctions. For example, power may be provided by an internal battery or a wireless
receiving system. Other embodiments may have other configurations and capabilities.
For example, components may be distributed over multiple sites or units. Control
information may be received from an external source.

Embodiments of the present invention may typically include a location
detection system for locating the device in vivo, for example, as is described in
embodiments of US Patent Application Publication Number US20020173718,
published on November 21, 2001 and entitled "Array System and Method for
Locating an In Vivo Signal Source”, which is hereby fully incorporated by reference.

3
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It is noted that in other embodiments of the invention, other location detecting
methods may be used. For example, in one embodiment of the present of invention,
location information may be determined by, for example, including one or more
transmitting antennas in an in vivo device, to transmit data using various ﬁequencies,
and/or by detecting the location of the in vivo device using components of quasi-static
magnetic field(s) — a magnetic method. In some embodiments, methods such as those
using ultrasound transceivers or monitors that include, for example, three magnetic
coils that receive and transmit positional signals relative to an external constant
magnetic field may be used. In yet other embodiments, GPS-like system may be
used; for example, a system using transmission from three or more stations.
Typically, in some embodiments of the present invention, an array of antennas or
sensors may be placed on or close to the abdomen to enable tracking of the in vivo
device. Of course, other components or sets of components may be used in

- accordance with embodiments of the invention.

A In one embodiment, a set of locations of the in-vivo device may be

| determined, and from these locations a distance or path length may be determined.

" The locations may be determined from the data that is sensed by the device — for
example, a radio signal including image or other data may be analyzed for location.

Réference is now made to Fig. 1 showing an in-vivo system 10 according to an

" embodiment of the present invention. In-vivo systeni 10 may include an in-vivo
device 100, an external recorder 12, a processing unit 14, a display unit 18, and a user
input unit 20. In-vivo device 100 may be any suitable traceable or trackable in-vivo
device. In some embodiments of the present invention, device 100 may typically be,
for example, an in~vivo imaging device, for example as is described in embodiments
in U.S. patent 5,604,531 and/or in International Application mumber WO 01/65995,
that may transmit signals, for example, images through for example an RF channel.
Transmitted signals may, for example, be picked-up by an array of antennas 49 that
may be, for example, positioned and/or womn on a patient’s body 50. Recorder 12
may typically be a portable wearable receiving and recording device and may include
a signal pick up system, for example, antenna array 49.

Recorder 12 may, for example, receive signals from antennas 49 and store

them, for example, temporarily in for example, a portable storage unit 19. Recorder
12 may include a location detection system 13 that may in one embodiment of the

invention utilize, for example, a triangulation method to determine the location of in-
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vivo device 100 relative to the anterma array 49. The triangulation method may be
based, for example, on the difference in signal strength picked up from the
transmitting in-vivo device by the various antennas in antenna array 49. Typically,
the location detection system 13 and method may be similar to that described in US
Patent Applicaﬁon Publication Number US20020173718. Other suitable location
detection systems may be used. In other embodiments of the present invention,
location detection system 13 may be wholly or partially integral to data processor 14.

Location data obtained from the location detection system 13 as well as

signals or data transmitted by in-vivo device 100 may be, in one embodiment of the
' invention, for example, downloaded to processor 14 for post-processing, and storage
in, for example, storage unit 16. In other embodiments, deviée 100 may be or include
another transmitting device other than an imaging device, for example, an in-vivo
device with an RFID tag, or device 100 may be, for example, a non-transmitting in-
~vivo device, for example a marker, or other traceabls, trackable or locatable devices.

A physician or other operator may, for example, use an in-vivo sensing system
10 to, for example, examine, diagnose, check for strictures, treat, and/or perform
surgery on a patient. For example, an in-vivo sensing device 100 may, for example,
‘éapture images as it travels through the GI tract and transmit them to a recorder 12
external o the body. An external recorder 12 may store the transmitted images as
well as other data, for example location data ndicating the position in space of the
transmitting device. In one embodiment, location data may be determined from
sensed data. For example, sensed data such as image data or pressure data may be
'transmitted, and from the transmissions (e.g., via triangulation) location data may be
determined. In other embodiments, the sensed data itself may be analyzed for
location data, such as by determining from a set of images distance traveled between
images.

After reviewing the transmitted data, for example the images and/or image
stream, a physician may identify a site that may be of interest, for example, a location
where an in vivo device captured an image(s) indicating, for example, a patholééical
area in the GI tract that may need further diégnosis, examination, or treatment. In
some embodiments of the present invention, a site of interest may be other than a site
where pathology may have been identified, a site of interest may be any specified
location. In other embodiments, the in-vivo sensing device may include other sensors

besides or in addition to image sensors, for example, temperature sensor, pH sensors,
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blood sensors, etc. and the specified location may be determined based on reviewing
‘data other than image data. In other embodiments of the invention, the in vivo device
may be other than a sensing device, or have other functions in addition to sensing, for
example, medicine delivery, treatment, or biopsy. ‘

Followmg examination and/or treatment with an in-vivo autonomous device, a
physician may want to revisit one or more sites or location points of interest using an
alternate device (e,g; endoscope, colonscope, gastroscope, enteroscope, laparoscope,
and another autonomous in-vivo device, etc). It may be helpful for the physician to
know how deep into the body Iumen the device may need to be inserted in order to
reach the location point of interest. This may aid in choosing a procedure, and/or
‘equipment for revisiting. Pre-knowledge of the path length, may help the physician

_.reach the location point of interest more quickly so as to shorten the procedure time
(e.g. examination, diagnostic, or treatment) and in that reduce the patient’s

_ discomfort. In an alternate embodiment, this information may help a physician decide
if it is at all possible to reach the location point of interest with alternate devices. For

. example, there may be some areas, for example, in the small intestine that may not be

teachable with for example with an endoscope, or colonscope, ejcc.. Surgical
intervention may be necessary in some circumstances. In some embodiments of the
present invention, prior knowledge of the path length to the site may help avoid
unsuccessful attempts to approach a site that may not be possible to access. Path
length information may be used for other applications. Further, path length other than
to a specific or selected location may be obtained using embodiments of the present
invention; for example, path length to arbitrary or multiple points, path length after
certain times; times to ceriain path lengths, etc.

Location detection system, such as location detection system 13, may be
useful for indicating the location of a transmitting device in space, the motility, as
well as the speed at given period of time. However, for body lumens that may be
convoluted, it may be difficult to deduce how far through a body Iumen a device
advanced to reach a location point of interest from knowledge of its instantaneous
position in space. In addition, it may be difficult to use an instantaneous location in
space to locate a site of interest at a later time, since some body lumens may not be
stationary over time. An instantaneous location of a site of interest within a body
lumen may change over time and thus it may be difficult te predict its location with
respect to the shifting body lnmen when revisiting the site. '
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Typically? processor 14 may also include or be associated with a path-length
detection unit 30, to for example, to determine the path length through a body lumen,
for example up to a specified Jocation, or in another manner. Data obtained from the
location detection system 13, as well as other data, may be used as input to path-
length detection unit 30. Othér data to be used as input to the path-length detection
unit 30 may, for example, include user input data 20 or data from other features of
system 10. Path-length detection unit 30 may in some embodiments include one or
more software units within pfocessor 14.

Path-length detection unit 30 may typically in some embodiments of the
present invention, involve post-processing location data obtained from location
detection system 13 and, for example, downloaded from recorder 12. In some
embodiments of the present invention, the path-length detection unit 30 may be a
stand-alone unit, may be iﬁtcgral to data processor 14 with storage unit 16, and/or
integral to data recorder 12. The path-length detection unit 30 may typically include
processing and storing capability. In some embodiments of the present invention, the

. path-length detection unit 30 may include input systems for a user, as well as display
systems for displaying to the user, for example, display unit 18. Path-length detection
unit 30 may, in other embodiments of the present invention, be partially or entirely
integral to recorder 12, and may, for example, not receive user input. Processor 14
may typically be a personal computer but may be any suitable unit for processing
and/or storing data. Signals, data, and location related data may for example, be
displayed on display unit 18.

Reference is now made to Fig. 2 showing a simulated body lumen path 210
(solid line) that an in-vivo device may be, for example, fraveling in and a set of
example location points 230, obtained from a location detection system 13 along the
simulated path. An estimated path may be drawn by interpolating between
consecutive points to obtain, for example, the estimated path 220 (dashed line). The
raw path length may be determined, for example, by integrating the distances between
consecutive points using known methods. Small errors may exist when estimating
the location data. Errors may be due to, for example, random noise or from the device
100 shifting its orientation in-vivo. When estimating the raw path length through, for
example, path 220, the small errors in estimating location may accumulate into large
errors in estimating a length of a path especially for long paths such as for example,
the path of the small intestine, or other paths in the GI tract, or other body 1umen§.
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Calculating the path traveled by an in-vivo device using, for example, the estimated
path 220 may, for efiamﬁlé, lead to a path much longer than the true path. Smoothing
may be used to reduce the error however since the true path may in itself be torturous
and unpredictable, it may be difficult to smooth the curve with good precision.

: Typically, in some embodiments of the invention, it may be possible to
assume that the noise level of the output signal from location detection system 13 may
be substantially similar along the entire path through which the in-vivo device travels.
As such, a telative path length (Lg) represented by the ratio between raw path length
to a location point of interest (L) and the raw total path length though the entire body
lumen (L) may be used to estimate more accurately the path length to a location
point of interest without the need of separating, or otherwise eliminating the noise
from the signal. In one embodiment, the ratio may be described by the following

- relationship: - - X |

o Tz =L/Lr.

Other formulas may be used. In one embodiment, a set of calculated paths, such as a
calculated total path length in a lumen and a calculated length to a specified point or
target or targets, may be determined. The known or estimated total lﬁmen length may
be determined, and a ratio between the known or estimated length and the calculated
total length may be determined. This ratio may be applied to the calculated path
length of the device to the specified point or points, to determine a more accurate
estimated path length or distance to the point or points.

‘When the in-vivo device may be closer to an existing end point of a body
lumen it may be useful for a user to know the relative distance from the existing end
point since that may be the direction through which the site may be revisited. As snch
the following relationship may be used:

Iz =L/Ly L<Lt/2
Ig =@Lr-L)/Lt L>Lrg/2

Other formulas may be used. For a clearer indication of the path length from
an end point of a2 body lumen, a pre-selected overall length of the body lumen may be
used. For example, the small intestine may be known to be on average 6 to 8 meters
long. In one example, 7 meters may be used as a pre-selected value for the length of
the small intestine. Using this estimation, the actual path length (I ») may be

expressed by the following equations:
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La=7L/Lx L<Lr/2
- La =T7*@Lt-L)/Lr L>Lt/2

Other formulas may be used.

Reference is now made to Fig. 3 showing an estimated error distribution
resulting from using a pre-selected value (as opposed to a true value) of the length of
a body lumen, and assuming no error due to location detection (the location detection
error is not taken into account in this figure), according to one embodiment of the
present invention; other values and curves may be used. The ﬁorizontal axis may
mark the number of frames, for an in-vivo device transmitting image frames to an
external recorder 12 at, for example, a given frequency. The vertical axis may mark
the path length traveled through a body Iumen determined by location points
calculated from transmiission signals of each image frame. Curve 310 may represent

" the true distance traveled. Curve 320 may represent the estimated distance
- determined, for example, by the method described herein. |
As may be seen by the curves in Fig. 3, the greatest discrepancy between the
- true path length (310) and esﬁmateci path length (320) through a body lumen may be
| near the middle of the body lumen path while the smallest discrepancy between the
true (310) and estimated (320) path length through body lumen may be near each of
the end points of the body lumen. In some embodiments of the present invention, it
_ may be desirable to estimate the distance through the small intestine so that a site of
interest may be revisited for example by an enteroscope and/or a colomscope.
Enteroscopes, for example, may only be able to penetrate, for example, approximately
a half a meter beyond the top entrance to the small inteétine, for example, the pylorus.
Colonoscopes, for example, may only be able to penetrate, for example, a few
centimeters beyond the cecum and into the small intestine. As such accuracy near the
end points may be of greater importance than accuracy for example half way along
the small intestine.

Reference is now made to Fig. 4 showing an exemplary simulated maximum
distance error as a function of distance along a small intestine, according to one
embodiment of the present invention; other functions may be used, and other Jumens
may be examined. In this exemplary simulation, the pylorus may be marked as the
entrance of the small intestine and the cecum may be marked as the point of exist of

' the small intestine. The location detection error in this graph may be modeled, for
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example, as a Rayleigh distribution with, for example, the average distance error of
3.5 cm that may, in some embodiments of the invention, be a typical location
detection error. In other embodiments of the present invention, other models and
error levels may be used. In this exemplary model, as may be seen by the graph in
Fig. 4, the error of the path length through the body lumen may be in the order of
magnitude of 10 cm at a distance of 0.5 meter from an end point (entrance and/or
exist) of the small intestine marked by the cecum and pylorus respectively. As such, a
physician may have indication if a site detected by an autonomous in-vivo device may
be revisited by an aliernate device and from which direction.
" When an in-vivo device may travel through more than one lumen or portion of
* lumen in its course, for example, esophagus, stomach, and small intestine, it may be
useful to be able to locate the end point of the lumen of interest, for example, the
small intestine and measure the path length from that end point of that lumen.
Various methods may be used for this purpose. For example, pH measutement may
be used to detect a change in pH when entering and/or exiting the stomach. A
pressure sensor miay be used to indicate when device 100 was released from, for
" example, the small intestine into the roomier large intestine. In one embodiment of
the present invention, a pressure indicator may be used to detect, for example, the
thythmic peristaltic pressure that may be typical in the small intestine. In some
embodiments of the present invention, other methods involving post-processing of
images may be used to identify mucosa and/or tissue that may, for example, be
typically found in a Aspeciﬂc body lumen. In other embodiments, for example, a
specific color scheme that may typically be found in a specific body lumen may be
used to identify the end points through a body lumen. In yet other embodiments, a
physician or medical technician may identify through image or other data, the end
points of a body lumen and use, for example, user input unit 20 to input that
information to path-length detection unit 30.

Reference is now made to Fig. 5 showing a flow chart describing a method
for determining a path length through a body lumen up to a specified location,
according to one embodiment of the present invention. In block 510 an in-vivo
device may sense data or a condition from within a body lumen. In some
embodiments of the invention, the sensed data may be image data, for example, image

data captured within the body lumen of the GI tract. Other data may be sensed

10
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instead of or in addition to image data, for example, temperature, pressure, motility,
etc. o o
" Data captured or collected may be, for example, transmitted (block 520). In
other embodiments pure location data (e.g., via a carrier signal or other signal) may be
transmitted; further, transmission need not occur. For example, externally generated
signals (e.g., X-rays, ultrasound signals) may be used to determine location data. In
other embodiments of the present invention, a signal other than the data sensed may
‘be‘ transmitted to indicate a specified condition was met, for example, a signal to
indicate that an in-vivo device may be caught behind a stricture, or other conditions.
- The data transmitted may be picked up by one or more pick up devices, for example
‘one or miore antérmas 49, The transmitted data and the data pertaining to the location
‘of the in-vivo device (obtained by location detection system 13) may be, for example,
. stored in recorder 12 (block 530). Typically, the process of sensing (block 510),
:-: transmitting (block 520), and storing (block 530) may continue for predetermined
: ’mne period until all relevant data may be assumed to have been collected and stored.
* Other methods of determining a suitable time for termination of data collection and
storage may be used. . o | ‘

In block 535, sensed data and location data may be downloaded to, for
example, data processor 14. According to some embodiments no downloading may
be required. In other embodiments of the present invention, transmitted data may be
directed (by wire or wireless connection) to processing unit 14 in real time. A user
may review data transmitted from an in-vivo device, for example, a streaim of images.

- 'When reviewing the data, the user may mark one or more images that may be of
interest, for example, may show pathology. The image or images of interest may be
marked with any suitable user input means 20, for example, keyboard, computer
mouse, touch-sensitive screen, and/or other suitable means. Data from the location
detection system may be used to determine the location of a site of interest, for
example a site where the marked images were captured in-vivo (block 540). In one
embodiment of the present invention, a user may mark, for example, images that
indicate the entrance and exit points of the body lumen containing the image of
interest. In other embodiments, marking need not be used, and path length data may
be generated independent of specific or requested points.

Data from the location detection system may be used to determine the location
of the end points of the body lumen (block 550). In other embodiments of the present

11
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invention, the end points of the body lumen may be located without user input, for
example, by methods described herein. In other embodiments of the present
invention, the end points may be recognized by for example, a change of color, visible
~ texture, measured pH, measured pressure, etc. In other embodiments of the present
-invention, the end points may be recognized by using a tissue color bar as may be
~ described in embodiments described in US provisional application 60/507,508,
entitled, “Device, System And Method For Presentation Of In-Vivo Data,” which is
_ hereby incorporated by reference in its entirety. Other methods of determining end
‘points of body lumens may be implemented.
‘ In block 560 the data pertaining to the location of the in-vivo device may be
pr:ocesse‘d to determine the raw path length through the body Iumen from the entrance
to the exit point (Ly). In block 570 the raw path length from the determined entrance
point of the body Iumen to the location point of interest (L) may be calculated. In
b block 580 the actual path length (L ) may be determined based on raw path lengths
Lr and L, and a pre-selected length of the overall length of the body lumen. In other
embodiments of the present invention, the actual path length (L ) may be based on
other suitable nput data besides or in addition to the input data described herein. For
example, path lengths Lt and L may be preprocessed before calculating their ratio for
. determining the actual path length. Typically, the path-length detection unit 30 may
perform tasks described in blocks 560 through blocks 580. In other embodiments of
the present invention, the tasks described in blocks 560 to 580 may be shared by more
than one unit or component in system 10, for example the tasks may be shared by
location detection system 13. A health professional may use the information obtained
oﬁ the path length to, to help him decide how to proceed with diagnosis or treatment
ofa patient. '

Other steps and series of steps rﬁay be used.

While the invention has been described with respect to a limited number of
embodiments, it will be appreciated that many variations, modifications and other
applications of the invention may be made. Embodiments of the present invention
may include other apparatuses for performing the operations herein. Such apparatuses
may integrate the elements discussed, or may comprise alternative components to
carry out the same purpose. It will be appreciated by persons skilled in the art that the
appended claims are intended to cover all such modifications and changes as fall

within the true spirit of the invention.
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CLAIMS
A system for determining the path length through a body lumen, the system
comprising:
an in-vivo device;

a location detection system; and

" apath-length detection nnit.

The system according to claim 1, wherein the system is to determine a path
1engﬂ1 to a specified location.

The system according to claim 1 comprising:

a processing unit; and -

a storage unit;

wherein the path-length detection umit is at least partially ilifcegrai to said
pfocessing unit and said storage unit. |

The system according to claim 1 comprising:

a display unit; and

10.

11.

a user input unit.

The system according to claim 1 comprising an antenna array.

"The system according to claim 1 comprising an external recorder wherein the

location detection system is at least partially integral to said external recorder.

The sjste‘m according to claim 1 wherein the in-vivo device is a sensing

- device.

The system according to claim 1 wherein the in-vivo device is an imaging

device.

- The system according to claim 1 wherein the in-vivo device is an autonomous

device.
The system according to claim 1 wherein the in-vivo device is a swallowable

capsule.

A method for determining a path length through a body lumen, the method
comprising: |

determining a raw path length of an in-vivo device traveling throngh a body
lumen;

determining a raw path length of the in-vivo device traveling to a specified

13
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12.
13.

14.
15.

iocaﬁon along said body lumen;

determining a path length to the specified location.

The method according to claim 11 comprising locating the specified location.
The method according to claim 11 comprising locating end points of a body
lumen. " -

The method according to claim 11 comprising transmitting in-vivo data.

The method according to claim 11, wherein the in-vivo device is an

- attonomous imaging capsule.

16.

A system for determining a path length through a body Iumen the system

‘comprising:

-a means for determining a raw path length of an in-vivo device through a

- body lumer;

 ameans for determining a raw path length of the in-vivo device to a specified

~ location;

17.

a means for determining a path length to the specified location.

The system according to claim 16 comprising a means for locating the

- .specified location.

18.

The system according to claim 16 comprising a means for locating end points

. ofabody lumen.

19.

20.

21.
22.

23.
24.

The system according to claim 16 comprising a means for sensing data in-
\.liVO.

A method comprising:

determining a set of locations of a device in an in-vivo lumen; and
determining from the set of locations a path length of the device.

The method according to claim 20, wherein the device is an autonomous
imaging device.

The method according to claim 20, comprising receiving in-vivo sense data,
and determining the set of locations from the in-vivo sensed data.

The method according to claim 22, wherein the sensed data is image data.

The method of claim 20, comprising:

. determining a ratio between an estimated total path length and a calculated

path length; and
calculating from the ratio and the estimated path length, a distance to a site of

mterest.

14
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