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CLAIMS

1. An ingestible device (10, 300, 302, 304, 306, 308, 1900, 2500), comprising:

a housing (12);

one or more units associated with the housing, the one or more units configured to:

transmit a first wavelength of light towards an environment external to the 

housing;

detect the first wavelength of light after it has reflected from the environment 

external to the housing;

transmit a second wavelength of light towards the environment external to the 

housing, the second wavelength being different from the first wavelength; and 

detect the second wavelength of light after it has reflected from the environment 

external to the housing; and

a processing module associated with the housing, the processing module configured to:

store a first value in a first data set, the first value being indicative of an amount 

of light detected by the device at the first wavelength;

store a second value in a second data set, the second value being indicative of an 

amount of light detected by the device at the second wavelength;

identify a known or estimated location of the ingestible device; and

determine a change in the known or estimated location of the ingestible device 

within the gastrointestinal tract of the body based on a comparison of the first and second data 

sets.

2. The ingestible device (10, 300, 302, 304, 306, 308, 1900, 2500) of claim 1, wherein the 

comparison of the first data set and the second data set comprises taking a difference between the 

first value stored in the first data set, and the second value stored in the second data set, or

the comparison of the first data set and the second data set comprises integrating at least 

one of (i) the difference between values stored in the first data set and values stored in the second 

data set, or (ii) the difference between a moving average of the first data set and a moving 

average of the second data set.

3. The ingestible device (10, 300, 302, 304, 306, 308, 1900, 2500) of claim 1, wherein the 

comparison of the first data set and the second data set comprises taking a first mean from values 
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stored in the first data set, taking a second mean from values stored in the second data set, and 

taking a difference between the first mean and the second mean.

4. The ingestible device (10, 300, 302, 304, 306, 308, 1900, 2500) of claim 1, wherein the 

comparison of the first data set and the second data set comprises incrementing a counter when 

the mean of the first data set less a multiple of the standard deviation of the first data set is 

greater than a mean of the second data set plus a multiple of the standard deviation of the second 

data set.

5. The ingestible device (10, 300, 302, 304, 306, 308, 1900, 2500) of any one of claims 1-4,

wherein the first wavelength is in a red or an infrared spectrum, and the second wavelength is in 

a blue or a green spectrum.

6. The ingestible device (10, 300, 302, 304 and 306) of claim 5, wherein the identified state 

is a stomach, and wherein when the comparison indicates that the first data set and the second 

data set have diverged in a statistically significant manner, a state transition has occurred, 

wherein the state transition is a pyloric transition.

7. The ingestible device (10, 300, 302, 304, 306, 308, 1900, 2500) of claim 5, wherein the 

identified state is a duodenum, and wherein when the comparison indicates that a difference 

between the first data set and the second data set is constant in a statistically significant manner, 

a state transition has occurred, wherein the state transition is a treitz transition.

8. The ingestible device (10, 300, 302, 304 and 306) of claim 5, wherein the identified state 

is an ileum, and wherein when the comparison indicates that the first data set and the second data 

set have converged in a statistically significant matter, a state transition has occurred, wherein 

the state transition is an ileocecal transition.

9. The ingestible device (10, 300, 302, 304, 306, 308, 1900, 2500) of claim 8 wherein the 

first wavelength is in the red spectrum and the second wavelength is in the green spectrum.

10. The ingestible device (10, 300, 302, 304, 306, 308, 1900, 2500) of any preceding claim, 

wherein the housing (12) is defined by a first end (16a), a second end (16b) substantially 

opposite from the first end, and a radial wall (14) extending longitudinally from the first end to 

the second end, wherein the one or more units comprise a sensor array, the sensor array
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comprising a plurality of radial detectors (32d, 332d, 352d, 354d, 356d, 2002a, 2002b, 2002c)

and a plurality of radial illuminators (32i, 332i, 352i, 354i, 356i, 2004a, 2004b, 2004c).

11. The ingestible device (10, 300, 302, 304, 306, 308, 1900, 2500) of claim 10, wherein the 

sensor array comprises at least one radial sensor (32, 332, 334, 336, 338, 2002a, 2002b, and 

2002c) having a radial illuminator (32i, 332i, 352i, 354i, 356i, 2004a, 2004b, 2004c) configured 

to transmit the second wavelength and a radial detector (32d, 332d, 352d, 354d, 356d, 2002a, 

2002b, 2002c) configured to detect the second wavelength.

12. The ingestible device (10, 300, 302, 304, 306, 308, 1900, 2500) of claim 10, wherein the 

sensor array comprises three radial sensors, each comprising a radial detector (32d, 332d, 352d, 

354d, 356d, 2002a, 2002b, 2002c) and a radial illuminator (32i, 332i, 352i, 354i, 356i, 2004a, 

2004b, 2004c), the radial illuminator and the radial detector of a given radial sensor being

disposed approximately 60 degrees from each other along a circumference of the radial wall

(14).

13. The ingestible device (10, 300, 302, 304, 306, 308, 1900, 2500) of claim 10, wherein the

sensor array further comprises four radial sensors each comprising a radial detector (32d, 332d,

352d, 354d, 356d, 2002a, 2002b, 2002c) and a radial illuminator (32i, 332i, 352i, 354i, 356i, 

2004a, 2004b, 2004c), each radial sensor being positioned substantially equidistant from each

other along a circumference of the radial wall (14).

14. The ingestible device (10, 300, 302, 304, 306, 308, 1900, 2500) of claim 10, wherein the 

sensor array comprises:

a first radial sensor (332) located proximal to a first wall portion (14a, 2502) of the radial 

wall (14), the first radial sensor configured to transmit a first radial illumination of the second 

wavelength towards the environment and to detect the second wavelength from the environment 

resulting from the first radial illumination; and

a second radial sensor (334) located proximal to a second wall portion (14b, 2512) of the 

radial wall (14), the second radial sensor configured to transmit a second radial illumination of 

the second wavelength towards the environment and to detect the second wavelength from the 

environment resulting from the second radial illumination,
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the second wall portion (14b, 2512) being spaced from the first wall portion (14a, 2502)

by at least 60 degrees along a circumference of the radial wall (14), and the second radial

illumination being in a different radial direction from the first radial illumination.

15. The ingestible device (10, 300, 302, 304, 306, 308, 1900, 2500) of claim 14, wherein the 

sensor array further comprises:

a third radial sensor (336) located proximal to a third wall portion of the radial wall (14),

the third radial sensor configured to transmit a third radial illumination towards the environment

and to detect· a third radial reflectance from the environment resulting from the third radial

illumination, the third wall portion being spaced from each of the first wall portion (14a, 2502)

and the second wall portion (14b, 2512) by approximately 60 degrees along the circumference of 

the radial wall (14) and the third radial illumination being in another different radial direction 

from the first radial illumination and the second radial illumination.
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