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7) ABSTRACT

The present invention broadly provides an improved ingest-
ible capsule (28) that is arranged to sense one or more
physiological parameters within a mammalian body, an to
transmit such parameters to an extra-corporeal receiver (50).
In use, the capsule and receiver perform the method of
determining the real-time location of the capsule within a
tract of a mammal. This method includes the steps of
providing the capsule, the capsule having one or more
sensors, ingesting the capsule, transmitting a signal from the
capsule, receiving the transmitted signal, and determining
the real-time location of the capsule within the tract as a
function of the received signal. The received signal may also
indicate the value of one or more sensed parameters.
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METHOD OF USING, AND DETERMINING
LOCATION OF, AN INGESTIBLE CAPSULE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims the benefit of the
earlier filing date of Provisional Patent Application Serial
No. 60/370,540, filed Apr. 8, 2002.

TECHNICAL FIELD

[0002] The present invention relates generally to the field
of capsules that are adapted to be ingested, inserted,
implanted or otherwise positioned in a mammalian body or
tract to sense and determine one or more physiological
parameters of the body or tract, and to communicate such
sensed parameters via one or more tissue-penetrating signals
to an extra-tract or extra-corporeal receiver.

BACKGROUND ART

[0003] The ever-advancing field of medical science con-
tinuously secks new and improved diagnostic tools.

[0004] In early years, the diagnostic tools were largely
represented by outward physical manifestations, such as
blood pressure, temperature, chills, and the like. These
manifestations were conditions and parameters that could be
simply observed or measured from outside the body.

[0005] In more recent times, certain tools, such as endo-
scopes, have been developed that allow penetration of
certain body tracts and cavities in an attempted to gather
additional diagnostic data. For example, it is common today
to use an endoscope-like device for a colonoscopy or
sigmoidoscopy, to visually inspect the lower gastrointestinal
tract. Endoscopes are also used to inspect other mammalian
cavities. For example, in veterinary science, endoscopes are
commonly used to inspect nasal cavities of horses and other
animals.

[0006] There are a number of tracts in a mammalian body.
These include the gastrointestinal tract, which extends from
mouth to anus, the reproductive tract, the auditory tract, and
the respiratory tract.

[0007] Considering a mammalian gastrointestinal tract for
the moment, there is a large amount of physiological data
that is potentially available within such tract. This data could
include sensed parameters, such as pH, pressure, tempera-
ture, transit time, the presence or absence of a disease
marker, the presence or absence of some other diagnostic
marker, the presence or absence of an antibody or antigen,
subsurface imaging, conductance, or even an electrical sig-
nal. In addition, it may be desirable to topically apply
medicaments to a particular situs within such a tract, or,
alternatively, to take a fluid sample at a selected location
within such tract.

[0008] To this end, various radio telemetry capsules have
been developed. Basically, these are small pill-like devices
that can be ingested or swallowed by a patient. The capsule
may have a sensor to determine a physiological parameter of
the gastrointestinal tract. Some devices contemplate that the
parameter be sensed and transmitted by an RF signal to an
extra-corporeal antenna or receiver. For example, U.S. Pat.
No. 3,739,279 appears to disclose an oscillator circuit for
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such an ingestible capsule. This patent then discloses a type
of Colpitts oscillator which may be used in association with
a telemetry sensor for determining physiological informa-
tion within the patient’s body. This patent recites that earlier
telemetry systems have been developed for transmitting
information such as temperature, pressure, specific ion activ-
ity, pH, pK and the like via an ingestible radio capsule.

[0009] Others have attempted to develop ingestible cap-
sules that can be used to transmit a video signal to a location
outside the body. References teaching this concept are
shown and described in U.S. Pat. No. 6,240,312, B12 and in
an internet article “Capsule Endoscopy Gets Map, Com-
pass”, http://www.gastroendonews.com/cgi-bin/wwread.pl-
Icat.=gastro&art=gen0802-01a.htm (Aug. 27, 2002). Still
another reference is an article by Brad Lemly, “Ted Med”,
Discover (April 2003) [at pp. 70 et seq.]. This article even
has a photograph of an ingestible video capsule manufac-
tured by Given Imaging.

[0010] Other references for measuring temperature are
provided in U.S. Pat. Nos. 4,844,076 and 4,689,621.

[0011] Other references have been directed toward dispen-
sation of medicaments at selected sites within the gas-
trointestinal tract. See, e.g. U.S. Pat. Nos. 4,425,117, and
6,245,057.

[0012] Still another report on such ingestible capsules,
appears in Milner, “Advances In and Prospects for Bio-
Telemetry”, symposium on Bio-Telemetry (Pretoria 1971).

[0013] Still another reference appears in an article by
Alexandra Strikeman, “The Programmable Pill”, Technol-
ogy Review (M.LT. May 22, 2001) [also available at http://
www.technologyreview.com/magazine/may01/strikema-
n.asp].

[0014] Therefore, it is clear that others have attempted to
develop ingestible pills or capsules for sensing and deter-
mining various physiological parameters, and broadcasting
them via an RF signal to an extra-corporeal receiver.

[0015] However, the values of such sensed parameters
may not be sufficient in and of themselves. Indeed, it is also
important to know the location of the pill at the time the
physiological parameter is sensed. To this end, U.S. Pat. No.
5,279,607 discloses an ingestible telemetry capsule with a
means to determine location of the capsule. The 607 patent
also discloses the capsule as having a medicament dispens-
ing function. Thus, according to this patent, a capsule may
be ingested to map the gastrointestinal tract. Thereafter,
another capsule, this one containing a medicament, may be
ingested. This capsule may be caused to dispense its medi-
cament at a desired location within the body.

[0016] U.S.Pat. No. 5,395,366, discloses a concept related
to the *607 patent. However, according to this device, a fluid
sample may be taken into a compartment in an ingestible
capsule at a selected location within the body.

[0017] While these devices, taken individually and col-
lectively, show the state of, and advances in, the art, it is
believed that it is now possible to determine the current or
real-time location of a capsule within a tract in a mammalian
body. It is also believed that this improved location-sensing
method, may be used together with corroborative data
provided by the sensors themselves to verify the location
within the body.
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DISCLOSURE OF THE INVENTION

[0018] With parenthetical reference to the corresponding
parts, portions or surfaces of the disclosed embodiments,
merely for purposes of illustration and not by way of
limitation, the present invention broadly provides an
improved method of using, and determining the real-time
location of, an capsule that is adapted to be ingested,
inserted, implanted or otherwise positioned within a mam-
malian body or tract.

[0019] As used herein, the expression “real-time location”
means the location of the capsule at the time a signal is
transmitted from the capsule to an extra-tract or extra-
corporeal receiver, regardless of whether the signal is read
contemporaneously when received, or recorded and stored
for subsequent reading or analysis.

[0020] 1In one aspect, the invention provides an improved
method of determining the real-time location of a capsule
(28) in a tract of a mammal, comprising the steps of:
providing a capsule, the capsule having sensors (29, 30, 31,
33, 34) to determine at least two physiological parameters of
the tract, the capsule also having a transmitter (39) opera-
tively arranged to transmit a signal reflecting such sensed
parameters; inserting the capsule into the tract; transmitting
the signal from the transmitter; receiving the transmitted
signal exteriorly (at 41) of the tract; and determining the
real-time location of the capsule within the tract as a
function of the received signal.

[0021] In another aspect, the invention provides an
improved method of determining the real-time location of a
capsule in a tract of a mammal, comprising the steps of:
providing a capsule, the capsule having at least one sensor
operatively arranged to determine a physiological parameter
of the tract, the capsule also having a transmiltter; inserting
the capsule into the tract; transmitting from the transmitter
a signal reflective of the value the sensed parameter; receiv-
ing the transmitted signal exteriorly of the tract; and deter-
mining the real-time location of the capsule within the tract
as a function of the received signal and the received value of
the sensed parameter.

[0022] In another aspect, the invention provides an
improved method of determining the value of a physiologi-
cal parameter in a tract of a mammal, comprising the steps
of: providing an MRI-compatible capsule, the capsule hav-
ing a sensor operatively arranged to determine at least one
physiological parameter of the tract, the capsule also having
a transmitter operatively arranged to transmit a signal
reflecting such sensed parameter; inserting the capsule into
the tract; tethering the capsule to an object; transmitting the
signal from the transmitter; receiving the transmitted signal
exteriorly of the tract; and determining the value of the
sensed parameter as a function of the received signal.

[0023] In the foregoing methods, the signal may be a radio
signal and/or an acoustic signal. The tract may be an
auditory, respiratory, reproductive and a gastrointestinal
tract. The capsule may be inserted or ingested into the
gastrointestinal tract. The location of the capsule may be
determined as a function of the phase difference between the
transmitted and received signals, or as a function of the
difference in time between the time of transmission of the
transmitted signal and the time of receipt of the received
signal. The method may include the additional step of
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determining the value of at least one of the sensed param-
eters exteriorly of the tract as a function of the received
signal.

[0024] Alternatively, the real-time location of the capsule
within the tract may be determined as a function of the
strength of the received signal and such received value of at
least one of the sensed parameters.

[0025] The capsule may be tethered to an object, such as
another capsule that is inserted into the tract, or to an object
located outside the body.

[0026] The capsule may have a storage compartment
containing medicament, and the method may include the
additional step of dispensing medicament from the compart-
ment at a desired location within the tract. Alternatively, the
capsule may have a fluid storage compartment, and the
method may include the additional step of taking in a fluid
sample to the compartment at a desired location within the
tract. At least one of the sensors may be arranged within the
fluid storage compartment.

[0027] 1In one form, the capsule may have sensors to
determine at least two of the physiological parameters,
wherein some of the sensed parameters are used to deter-
mine a first location of the capsule, wherein others of the
sensed parameters are used to determine a second location of
the capsule, and wherein the first and second locations are
compared to corroborate the location of the capsule.

[0028] The sensed physiological parameters may be
selected from the group consisting of: pH, pressure, tem-
perature, transit time, a disease marker, a diagnostic marker,
an antibody, an antigen, subsurface imaging (e.g., fluores-
cence or optical imaging), conductance, and an electrical
signal.

[0029] In another aspect, the invention provides an
improved method of determining the real-time location of a
capsule in a tract of a mammal, comprising the steps of:
providing a capsule, the capsule also having a transmitter
operatively arranged to transmit an RF signal, either con-
tinuously or intermittently, at a frequency in excess of about
5 kilohertz; inserting the capsule into the tract; transmitting
the signal from the transmitter; receiving the transmitted
signal exteriorly of the tract; and determining the real-time
location of the capsule within the tract as a function of the
received signal. In this aspect, the transmitter may be
operatively arranged to transmit a signal a frequency of less
that about 10 gigahertz.

[0030] In another aspect, the invention provides an
improved method of determining the real-time location of a
capsule in a tract of a mammal, comprising the steps of:
providing a capsule, the capsule also having a transmitter
operatively arranged to transmit an acoustic signal at a
frequency in excess of about 100 hertz; inserting the capsule
into the tract; transmitting the signal from the transmitter;
receiving the transmitted signal exteriorly of the tract; and
determining the real-time location of the capsule within the
tract as a function of the received signal. In this aspect, the
transmitter may be operatively arranged to transmit a signal,
either continuously or intermittently, a frequency of less that
about 1.5 megahertz.

[0031] In another aspect, the invention provides an
improved method of determining the real-time location of a



US 2003/0191430 Al

capsule in a tract of a mammal, comprising the steps of:
providing a capsule, the capsule having a transmitter opera-
tively arranged to transmit a signal; inserting the capsule
into the tract; providing a plurality of receivers exteriorly of
the tract; transmitting the signal from the transmitter; receiv-
ing the transmitted signal on the receivers; and determining
the real-time location of the capsule as a function of the
signals received by the receivers. The capsule may have at
least one sensor operatively arranged to determine at least
one physiological parameter within the tract, and the trans-
mitter may be arranged to generate a signal reflective of such
sensed parameter. The real-time location of the capsule may
be determined using algorithm-based logic, such as artificial
intelligence, a neural net, or a determinative statistical
approach.

[0032] In still another aspect, the invention provides an
improved method of determining the value of a parameter in
a mammal body, comprising the steps of: providing a
capsule, the capsule having a sensor to determine a physi-
ological parameter of the body and having a transmitter
operatively arranged to transmit a signal; inserting the
capsule into the body; providing a receiver exteriorly of the
body; transmitting the signal from the transmitter; receiving
the transmitted signal on the receiver; and determining the
value of the physiological parameter exteriorly of the body
as a function of the signals received by the receiver. In this
aspect, the capsule may be stationary within the body.

[0033] Accordingly, the general object is to provide an
improved method of determining the real-time location of a
capsule within a tract of a mammalian body.

[0034] Another object is to provide a method of determin-
ing at least one physiological parameter within a mammalian
body and the real-time location of the place from which that
parameter was taken.

[0035] These and other objects and advantages will
become apparent from the foregoing and ongoing written
specification, the drawings and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0036]
capsule.

[0037]
capsule.

[0038] FIG. 3 is a schematic view of a medicament-
dispensing capsule.

FIG. 1 is a schematic view of a single-sensor

FIG. 2 is a schematic view of a multi-sensor

[0039] FIG. 4 is a schematic view of a fluid-sampling
capsule.
[0040] FIG. 5 is a schematic view of the receiving cir-

cuitry for the capsule shown in FIGS. 1 and/or 2.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0041] At the outset, it should be clearly understood that
like reference numerals are intended to identify the same
structural elements, portions or surfaces consistently
throughout the several drawing figures, as such elements,
portions or surfaces may be further described or explained
by the entire written specification, of which this detailed
description is an integral part. Unless otherwise indicated,
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the drawings are intended to be read (e.g., cross-hatching,
arrangement of parts, proportion, degree, etc.) together with
the specification, and are to be considered a portion of the
entire written description of this invention. As used in the
following description, the terms “horizontal”, “vertical”,
“left”, “right”, “up” and “down”, as well as adjectival and
adverbial derivatives thereof (e.g., “horizontally”, “right-
wardly”, “apwardly”, etc.), simply refer to the orientation of
the illustrated structure as the particular drawing figure faces
the reader. Similarly, the terms “inwardly” and “outwardly”
generally refer to the orientation of a surface relative to its
axis of elongation, or axis of rotation, as appropriate.

[0042] Referring now to the drawings, and more particu-
larly to FIG. 1 thereof, an improved single-sensor ingestible
capsule is generally indicated at 20. Capsule 20 is shown as
being an elongated ellipsoid-shaped device, somewhat
resembling a medicament capsule. The enclosed drawing is
not to scale, but, rather, is schematic. Sensor 20 is shown as
broadly including a pressure sensor 21, a non-clogging
pressure port 22, a compartment containing transmitting
electronics 23, a battery compartment 24, a transmitting
antenna, schematically indicated at 25, and a power switch
and seal, generally indicated at 26. In the schematic view of
FIG. 1, antenna 25 is shown as extending upwardly and
away from the body of the capsule. However, this is only for
schematic purposes. In reality, the antenna would be con-
tained wholly within the capsule.

[0043] Capsule 20 is adapted to be ingested, implanted,
inserted or otherwise positioned within a mammalian body
or tract, to sense pressure within the body or tract, and to
transmit such sensed pressure in the form of an RF or
acoustic signal via antenna 25.

[0044] FIG. 2 shows a variant form of capsule that has
multiple sensors. This capsule, generally indicated at 28, is
schematically shown as having one or more surface pressure
sensors 29, an optical ultraviolet light source channel 30, an
optical detector, scanner and lens combination, indicated at
31, a compartment 32 containing optical scanning electron-
ics, a temperature sensor 33, a pH sensor 34, a compartment
35 containing a microprocessor, a compartment 36 contain-
ing sensor signal conditioning electronics, a battery com-
partment 38, a compartment containing transmitter electron-
ics 39, and an antenna 40 which is arranged to broadcast an
RF or acoustic signal reflecting the values of such sensed
parameters. Here again, antenna 40 is depicted schemati-
cally.

[0045] FIG. 3 is a schematic view of a medicament
dispensing capsule, generally indicated at 41. Capsule 41 is
shown as including a compartment 42 containing a medi-
cament or fluid and closed by a door 43, a battery compart-
ment 44, a receiver, and a power switch and seal compart-
ment 46, and a receiving antenna 48 that is arrange to receive
an RF or acoustic signal broadcast from outside the body or
tract and to cause the medicament to be dispensed at a
desired location within the body or tract.

[0046] FIG. 4 is a schematic view of a fluid sampling,
generally indicated at 49. Capsule 41 is again shown as
including a compartment 42 into which a fluid sample may
be received and closed by a door 43, a battery compartment
44, a receiver, and a power switch and seal compartment 46,
and a receiving antenna 48 that is arrange to receive an RF
or acoustic signal broadcast from outside the body or tract
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and to cause the medicament to be dispensed at a desired
location within the body or tract.

[0047] FIG. 5 is a schematic view of the receiving appa-
ratus. Basically, the apparatus, generally indicated at 50,
contains a plurality of receiving antennas, severally indi-
cated at 51 and individually identified by the letters A, B, C
and D, an antenna input filter 52, an antenna multiplexer 53,
and a dual mixer receiver 54. The output of receiver 54 is
provided to a phase-locked-loop filter 55, and to a micro-
processor 56. Filter 55 and microprocessor 56 are coupled
directly via line 58. The output of microprocessor 56 is
provided to an RS 232C interface, represented by block 59,
and then to a 900 MHz wireless interface, represented by
block 60. The output of microprocessor 56 is also provided
to a flash memory device, represented by block 61. A
real-time clock, represented by block 62, is arranged to
provide a signal to microprocessor 56. A built-in test unit,
represented by block 63, is connected to system power
regulators and RF components, communication subsystems
and batteries, represented by box 64. Power sequencing
circuitry, contained within box 65, is connected to the
regulators and batteries, and is also supplies a signal to the
microprocessor via conductor 66. The test unit 63 is con-
nected to the conductor 66 communicating the power
sequencing circuitry with the microprocessor.

[0048] The invention broadly provides an improved
method of determining the real-time location of the capsule
in a mammalian body or tract. The capsule may be inserted,
ingested, implanted or otherwise positioned into the tract.
The tract may be a gastrointestinal tract, an auditory tract, a
respiratory tract, or a reproductive tract. The capsule is
arranged to broadcast a radio and/or acoustic signal reflect-
ing the values of one or more physiological parameters
sensed by the capsule, as indicated above. For example, the
patient will swallow a capsule. As the capsule is advanced
along the gastrointestinal tract, the capsule will broadcast a
signal reflective of the parameters sensed along its passage.
These parameters may be sensed continuously or intermit-
tently, as desired. Indeed, the parameters may be sensed and
determined on an analog or digital basis. The capsule then
transmits an RF or acoustic signal. The signal is received by
the receiving antennas. The receive signal is then used to
determine the real-time location of the capsule at the time
the signal was sent. This does not necessarily mean that the
value of the sensed parameter must be read or interpreted at
the time of receipt. Rather, it could be stored for reading or
analysis at some later time.

[0049] Nevertheless, by determining the real-time location
of the capsule, the electronics determine the precise location
from which the signal was sent. The location may be
determined in a number of ways. For example, the signal
may be used to determine the spatial location of the capsule
within the body chest barrel. For example, this could be
determined in terms in terms of the x, y and z coordinates of
the capsule location.

[0050] Alternatively, or in addition thereto, the location
could be determined in terms of the position of the capsule
within the gastrointestinal tract (i.e., whether in the stomach,
the small intestine, the large intestine, or the like). These
various portions of the gastrointestinal tract are believed to
have various indicating parameters. For example, the pH of
the stomach may be relatively acidic. On the other hand, the
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pressure within the small intestine may be the dominant
parameter. Hence, by sensing a change in the pH and an
increase in the pressure, one might infer that the capsule has
passed from the stomach into the small intestine. Thus, the
capsule may be used to measure motility of the capsule as it
progresses through the patient’s body. Knowing the location
of the capsule within the gastrointestinal tract when one
reading is transmitted, monitoring the progress of same, and
knowing the location of the capsule when a subsequent
reading is transmitted, one can calculate the speed of propa-
gation or time of transit of the capsule through the particular
section of the tract.

[0051] The location of the capsule may be determined
either as a function of the phase difference between the
transmitted and received signals, as a function of the dif-
ference in the time between the time of transmission of the
transmitted signal and the time of receipt of the received
signal, or as a function of differences of signal amplitude
received at different receivers. In addition, the capsule may
be tethered to some object. For example, the capsule could
be tethered to another capsule that is ingested or otherwise
inserted into the body tract, or to some object located outside
of the tract, or at least the portion of the tract under
consideration. The capsule may be operatively arranged to
dispense medicament at a desired location, such as shown
and described in U.S. Pat. No. 5,279,607, or may be used to
take in a fluid sample at a desired location of the body, such
as shown and described in U.S. Pat. No. 5,395,366.

[0052] In one particular unique form, the capsule has
multiple sensors to determine at least three physiological
parameters, such as pH, pressure, temperature, transit time,
the presence or absence of a disease marker, the presence or
absence of a diagnostic marker, an antibody, an antigen,
subsurface imaging, conductance and/or an electrical signal.
Some of these sense parameters may be used to determine a
first location and others of the parameters are used to
determine a second location of the capsule. The first and
second locations may be compared to corroborate the appar-
ent location of the capsule.

[0053] Thus, the real-time location of the capsule may be
determined as the function of the received signal and a
receive value of the sensed parameter.

[0054] Preferably, the capsule is MRI-compatible such
that its location within the body can also be determined by
means of magnetic residence imaging, if desired.

[0055] 1In one form, the capsule may have a fluid storage
compartment, and the improved method may include the
additional step of dispensing fluid from the compartment
into a portion of the tract, and measuring the volume of the
compartment of such portion as a function of the concen-
tration of the dispensed fluid with the portion. This is
particularly useful in determining the conformance or capac-
ity of a stomach.

[0056] If the transmitter is an RF signal, it is presently
preferred that the transmitter broadcast the signal at a
frequency in excess of about 5 kilohertz, but less than about
10 gigahertz. If the transmitted medium is an acoustic wave,
it is desired that the frequence by in excess of 100 Hz, but
less than about 1.5 MHz.

[0057] The invention is not limited to use within a tract of
a mammalian body. Indeed, the capsule could be implanted
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or otherwise positioned in a particular organ or cavity of the
body, and used to transmit a signal reflecting the value of a
sensed parameter from a stationary location.

[0058] If the inventive capsule is used in a gastrointestinal
tract, the location of the capsule is preferably determined
electronically by means of algorithm-based logic, such as
artificial intelligence, a neural net, or a deterministic statis-
tics approach.

[0059] Therefore, while several forms of the improved
capsule and receiver have been shown and described, and
various changes and modifications to the apparatus and
method discussed, persons skilled in this art will readily
appreciate that various additional changes and modifications
may be made without departing from the spirit of the
invention, as defined and differentiated by the following
claims.

What is claimed is:
1. The method of determining the real-time location of a
capsule in a tract of a mammal, comprising the steps of:

providing a capsule, said capsule having sensors to deter-
mine at least two physiological parameters of said tract,
said capsule also having a transmitter operatively
arranged to transmit a signal reflecting such sensed
parameters;

inserting said capsule into said tract;
transmitting said signal from said transmitter;

receiving said transmitted signal exteriorly of said tract;
and

determining the real-time location of said capsule within

said tract as a function of said received signal.

2. The method as set forth in claim 1 wherein said signal
is a radio signal and/or an acoustic signal.

3. The method as set forth in claim 1 wherein said tract is
one of an auditory, respiratory, reproductive, and gas-
trointestinal tract.

4. The method as set forth in claim 3 wherein said tract is
said gastrointestinal tract, and wherein capsule is ingested
into said gastrointestinal tract.

5. The method as set forth in claim 1 wherein the location
of said capsule is determined either as a function of the
phase difference between the transmitted and received sig-
nals, as a function of the difference in time between the time
of transmission of said transmitted signal and the time of
receipt of said received signal, or as a function of received
signals at multiple locations.

6. The method as set forth in claim 1, and further
comprising the additional step of:

determining the value of at least one of said sensed
parameters exteriorly of said tract as a function of said
received signal.

7. The method as set forth in claim 1 wherein the real-time
location of said capsule within said tract is determined as a
function of the strength of said received signal and such
received value of at least one of said sensed parameters.

8. The method as set forth in claim 1 and further com-
prising the additional step of:

tethering said capsule to an object.
9. The method as set forth in claim 8 wherein said object
is another capsule that is inserted into said tract.
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10. The method as set forth in claim 8 wherein said object
is located outside the body.

11. The method as set forth in claim 1 wherein said
capsule has a storage compartment containing medicament,
and further comprising the additional step of:

dispensing medicament from said compartment at a
desired location within said tract.

12. The method as set forth in claim 1 wherein said
capsule has a fluid storage compartment, and further com-
prising the additional step of:

taking in a fluid sample to said compartment at a desired
location within said tract.

13. The method as set forth in claim 12 wherein at least
one of said sensors is arranged within said fluid storage
compartment.

14. The method as set forth in claim 1 wherein said
capsule has sensors to determine at least two of said physi-
ological parameters, wherein some of said sensed param-
eters are used to determine a first location of said capsule,
wherein others of said sensed parameters are used to deter-
mine a second location of said capsule, and wherein said first
and second locations are compared to corroborate the loca-
tion of said capsule.

15. The method as set forth in claim 1 wherein at least one
of said physiological parameters are selected from the group
consisting of: pH, pressure, temperature, transit time, a
disease marker, a diagnostic marker, an antibody, an antigen,
subsurface imaging, conductance, and an electrical signal.

16. The method of determining the real-time location of a
capsule in a tract of a mammal, comprising the steps of:

providing a capsule, said capsule having at least one
sensor operatively arranged to determine a physiologi-
cal parameter of said tract, said capsule also having a
transmitter;

inserting said capsule into said tract;

transmitting from said transmitter a signal reflective of the
value said sensed parameter;

receiving said transmitted signal exteriorly of said tract;
and

determining the real-time location of said capsule within
said tract as a function of said received signal and the
received value of said sensed parameter.

17. The method as set forth in claim 16 wherein said
signal is a radio signal and/or an acoustic signal.

18. The method as set forth in claim 16 wherein said tract
is one of an auditory, respiratory, reproductive and a gas-
trointestinal tract.

19. The method as set forth in claim 18 wherein said tract
is said gastrointestinal tract, and wherein said capsule is
ingested into said gastrointestinal tract.

20. The method as set forth in claim 16 wherein the
location of said capsule is determined either as a function of
the phase difference between the transmitted and received
signals, as a function of the difference in time between the
time of transmission of said transmitted signal and the time
of receipt of said received signal, or amplitude of received
signals from multiple receivers.



US 2003/0191430 Al

21. The method as set forth in claim 16, and further
comprising the additional step of:

determining the value of said sensed parameter exteriorly

of said tract as a function of said received signal.

22. The method as set forth in claim 16 wherein the
real-time location of said capsule within said tract is deter-
mined as a function of the strength of said received signal
and such received value of said sensed parameter.

23. The method as set forth in claim 16 and further
comprising the additional step of:

tethering said capsule to an object.

24. The method as set forth in claim 23 wherein said
object is another capsule that is inserted into said tract.

25. The method as set forth in claim 23 wherein said
object is located outside the body.

26. The method as set forth in claim 16 wherein said
capsule has a storage compartment containing medicament,
and further comprising the additional step of:

dispensing medicament from said compartment at a
desired location within said tract
27. The method as set forth in claim 16 wherein said
capsule has a fluid storage compartment, and further com-
prising the additional step of:

taking in a fluid sample to said compartment at a desired

location within said tract.

28. The method as set forth in claim 27 wherein at least
one of said sensors is arranged within said fluid storage
compartment.

29. The method as set forth in claim 16 wherein said
capsule has sensors to determine at least two of said physi-
ological parameters, wherein some of said sensed param-
eters are used to determine a first location of said capsule,
wherein others of said sensed parameters are used to deter-
mine a second location of said capsule, and wherein said first
and second locations are compared to corroborate the loca-
tion of said capsule.

30. The method as set forth in claim 16 wherein at least
one of said physiological parameters are selected from the
group consisting of: pH, pressure, temperature, transit time,
a disease marker, a diagnostic marker, an antibody, an
antigen, subsurface imaging, conductance, and an electrical
signal.

31. The method of determining the value of a physiologi-
cal parameter in a tract of a mammal, comprising the steps
of:

providing an MRI-compatible capsule, said capsule hav-
ing a sensor operatively arranged to determine at least
one physiological parameter of said tract, said capsule
also having a transmitter operatively arranged to trans-
mit a signal reflecting such sensed parameter;

inserting said capsule into said tract,
tethering said capsule to an object;
transmitting said signal from said transmitter;

receiving said transmitted signal exteriorly of said tract;
and

determining the value of said sensed parameter as a
function of said received signal.
32. The method as set forth in claim 31 wherein said
signal is a radio signal and/or an acoustic signal.
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33. The method as set forth in claim 31 wherein said tract
is one of an auditory, respiratory, reproductive and a gas-
trointestinal tract.

34. The method as set forth in claim 33 wherein said tract
is said gastrointestinal tract, and wherein said capsule is
ingested into said gastrointestinal tract.

35. The method as set forth in claim 31 wherein the
location of said capsule is determined as a function of the
phase difference between the transmitted and received sig-
nals, as a function of the difference in time between the time
of transmission of said transmitted signal and the time of
receipt of said received signal, or as a function of the
amplitude of received signals from multiple receivers.

36. The method as set forth in claim 31, and further
comprising the additional step of:

determining the value of at least one of said sensed
parameters exteriorly of said tract as a function of said
received signal.

37. The method as set forth in claim 31 wherein the
real-time location of said capsule within said tract is deter-
mined as a function of the strength of said received signal
and such received value of at least one of said sensed
parameters.

38. The method as set forth in claim 31 and further
comprising the additional step of:

tethering said capsule to an object.

39. The method as set forth in claim 38 wherein said
object is another capsule that is inserted into said tract.

40. The method as set forth in claim 38 wherein said
object is located outside the body.

41. The method as set forth in claim 31 wherein said
capsule has a storage compartment containing medicament,
and further comprising the additional step of:

dispensing medicament from said-compartment at a
desired location within said tract.
42. The method as set forth in claim 31 wherein said
capsule has a fluid storage compartment, and further com-
prising the additional step of:

taking in a fluid sample to said compartment at a desired

location within said tract.

43. The method as set forth in claim 42 wherein at least
one of said sensors is arranged within said fluid storage
compartment.

44. The method as set forth in claim 31 wherein said
capsule has sensors to determine at least three of said
physiological parameters, wherein some of said sensed
parameters are used to determine a first location of said
capsule, wherein others of said sensed parameters are used
to determine a second location of said capsule, and wherein
said first and second locations are compared to corroborate
the location of said capsule.

45. The method as set forth in claim 31 wherein at least
one of said physiological parameters are selected from the
group consisting of: pH, pressure, temperature, transit time,
a disease marker, a diagnostic marker, an antibody, an
antigen, subsurface imaging, conductance, and an electrical
signal.

46. The method of determining the real-time location of a
capsule in a tract of a mammal, comprising the steps of:

providing a capsule, said capsule also having a transmitter
operatively arranged to transmit an RF signal at a
frequency in excess of about 5 kilohertz;
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inserting said capsule into said tract,
transmitting said signal from said transmitter;

receiving said transmitted signal exteriorly of said tract;
and

determining the real-time location of said capsule within

said tract as a function of said received signal.

47. The method as set forth in claim 46 wherein said
transmitter is operatively arranged to transmit a signal a
frequency of less that about 10 gigahertz.

48. The method of determining the real-time location of a
capsule in a tract of a mammal, comprising the steps of:

providing a capsule, said capsule also having a transmitter
operatively arranged to transmit an acoustic signal at a
frequency in excess of about 100 hertz;

inserting said capsule into said tract,
transmitting said signal from said transmitter;

receiving said transmitted signal exteriorly of said tract;
and

determining the real-time location of said capsule within

said tract as a function of said received signal.

49. The method as set forth in claim 48 wherein said
transmitter is operatively arranged to transmit a signal a
frequency of less that about 1.5 megahertz.

50. The method of determining the real-time location of a
capsule in a tract of a mammal, comprising the steps of:

providing a capsule, said capsule having a transmitter
operatively arranged to transmit a signal;

inserting said capsule into said tract,
providing a plurality of receivers exteriorly of said tract,
transmitting said signal from said transmitter;

receiving said transmitted signal on said receivers; and
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determining the real-time location of said capsule as a

function of the signals received by said receivers.

51. The method as set forth in claim 50 wherein said
capsule has at least one sensor operatively arranged to
determine at least one physiological parameter within said
tract, and wherein said transmitter is arranged to generate a
signal reflective of such sensed parameter.

52. The method as set forth in claim 50 wherein said
real-time location is determined using algorithm-based
logic.

53. The method as set forth in claim 52 wherein said logic
uses artificial intelligence.

54. The method as set forth in claim 53 wherein said
artificial logic uses a neural net.

55. The method as set forth in claim 53 wherein said logic
uses a deterministic statistic approach.

56. The method of determining the value of a parameter
in a mammal body, comprising the steps of:

providing a capsule, said capsule having a sensor to
determine a physiological parameter of said body and
having a transmitter operatively arranged to transmit a
signal;

inserting said capsule into said body;

providing a receiver exteriorly of said body;
transmitting said signal from said transmitter;
receiving said transmitted signal on said receiver; and

determining the value of said physiological parameter
exteriorly of said body as a function of the signals
received by said receiver.
57. The method as set forth in claim 56 wherein the
location of said capsule is stationary within said body.
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