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(57) ABSTRACT 

A method for detecting a capsule camera entering into or 
exiting the GI tract, includes (a) taking a first test image under 
the condition that an illumination system of the capsule cam 
era is disabled; (b) taking a second test image under the same 
condition as the first test image; (c) comparing selected cor 
responding pixel values of the first test image and the second 
test image to determine if a significant change in pixel values 
has occurred; and (d) upon detecting the significant change in 
pixel values, determining if the capsule camera has entered or 
exited the GI tract, and performing operations appropriate to 
follow such determination. 
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DETECTION OF WHEN A CAPSULE 
CAMERA ENTERS INTO OR GOES OUT OFA 

HUMAN BODY AND ASSOCATED 
OPERATIONS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a continuation applica 
tion of U.S. patent application Ser. No. 13/372,101 filed on 
Feb. 13, 2012, which is related to and claims priority of U.S. 
divisional patent application Ser. No. 1 1/625,647, filed on 
Jan. 22, 2007, which are both hereby incorporated by refer 
ence in their entirety for all purposes as if fully set forth 
herein. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to swallowable cap 
Sule cameras. In particular, the present invention relates to 
methods the capsule camera to detect its own location. 
0004 2. Discussion of the Related Art 
0005 Devices for imaging body cavities or passages in 
Vivo are known in the art and include endoscopes and autono 
mous encapsulated cameras. Endoscopes are flexible or rigid 
tubes that are passed into the body through an orifice or 
Surgical opening, typically into the esophagus via the mouth 
or into the colon via the rectum. An image is taken at the distal 
end using a lens and transmitted optically to the proximal end 
located outside the body, either by a lens-relay system or by a 
coherent fiber-optic bundle. Alternatively, an instrument may 
record an image electronically at the distal end (e.g., using a 
CCD or CMOS array) and transfers the image data electri 
cally to the proximal end through a cable. Endoscopes allow 
a physician control over the field of view and are well-ac 
cepted diagnostic tools. However, they have a number of 
limitations, present risks to the patient, and are invasive and 
uncomfortable for the patient. The cost of these procedures 
restricts their application as routine health-screening tools. 
0006 Because of the difficulty traversing a convoluted 
passage, endoscopes cannot reach the majority of the Small 
intestines and special techniques and precautions—that 
increase cost—are required to reach the entirety of the colon. 
Endoscopic risks include the possible perforation of the 
bodily organs traversed and complications arising from anes 
thesia. Moreover, a trade-off must be made between patient 
pain during the procedure and the health risks and post 
procedural down-time associated with anesthesia. Therefore, 
endoscopy is necessarily an in-patient service that involves a 
significant amount of time from clinicians and thus is a costly 
procedure. 
0007 An alternative in vivo image sensing technique is 
capsule endoscopy. In capsule endoscopy, a camera is housed 
in a Swallowable capsule, along with a radio transmitter for 
transmitting data (which consists primarily of images 
recorded by the camera) to a base-station receiver or trans 
ceiverina data recorder located outside the body. The capsule 
may also include a radio receiver for receiving instructions or 
other data from a base-station transmitter. Instead transmit 
ting in a radio frequency, lower frequency electromagnetic 
signals may be used. Power may be supplied inductively from 
an external inductor to an internal inductor within the capsule 
or from a battery within the capsule. 
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0008. An early example of a camera in a swallowable 
capsule is described in the U.S. Pat. No. 5,604,531, issued to 
the Ministry of Defense, State of Israel. A number of patents 
assigned to Given Imaging describe more details of Such a 
system, using a transmitter to send the camera images to an 
external receiver. Examples are disclosed in U.S. Pat. Nos. 
6,709,387 and 6,428,469. There are also a number of patents 
to the Olympus Corporation describing a similar technology. 
For example, U.S. Pat. No. 4.278,077 shows a capsule with a 
camera for the stomach, which includes film in the camera. 
U.S. Pat. No. 6,939,292 shows a capsule with a buffering 
memory, a timer, and a transmitter. U.S. Pat. No. 6,800,060 
describes a Swallow-able capsule camera that may be 
retrieved after passing from the body; that capsule camera 
uses an expensive and rare ultra-high-density atomic-resolu 
tion storage (ARS) medium to store images taken. 
0009 Introducing the capsule camera into a patient’s body 
begins with removing the capsule from a package having a 
reed Switch. While inside the package, a magnet keeps the 
reed switch in the capsule in the “off position. In the “off 
position, the capsule camera draws no power. Once removed 
from the package, the capsule is Switched on, as the magnetic 
force is no longer holding back the metal spring that keeps the 
reed switch in the “off position. The patient then swallows 
the capsule. In the prior art, another approach to activate the 
capsule camera includes providing a conductive liquid inside 
the capsule. By shaking the capsule strongly enough in the 
right direction, the conductive liquid causes contact be made 
an end of a pipe or chamber, which connects the system to a 
power source, so as to begin operation. 
0010. It is generally not necessary to take pictures when 
the capsule camera is outside the human body. Storing or 
transmitting pictures taken outside the body wastes power 
and takes up valuable space for archiving images. There area 
few operations that a capsule camera may carry out prior to 
entering into the human body. For example, the capsule cam 
era may perform a self-diagnostic to ensure that the system is 
fully functional. In addition, a reusable capsule camera may 
also communicate the number of times the capsule camera 
has been used inside a human body, so as to avoid introducing 
a capsule camera beyond the number of times it is designed to 
be used for. Alternatively, the capsule camera may be dispos 
able (i.e., used only once). 
0011. From the mouth, the capsule camera enters the 
esophagus, then the stomach, the Small intestines and the 
large intestines, in that order, before exiting the body. After it 
exits the body, no more images need to be taken. To image the 
large intestines, motility-enhancing drugs are typically used, 
so that the capsule camera may be able to traverse the entire 
GI tract within a reasonable amount of time, and particularly 
before the power needed for its operations is exhausted. In 
other words, it is desired that some power remains at the time 
the capsule camera exit the body. To cover the expected 
variations within the human population, the capsule camera 
must be provided power to allow a complete imaging for a 
very high percentage of people. Therefore, for most people, 
many images are taken by the capsule camera even after the 
capsule exits the body. 
0012. The storage requirement for the images is one prob 
lem current capsule endoscopy must overcome. The large size 
of a file created from the images taken from a human person 
is prohibitive for transmission over the internet, and makes 
archiving and later retrieval difficult and costly. Another prob 
lem is cost. To have a technician review and edit out images in 
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the file that are taken outside of the human body is costly. 
Further, a patient should be able to use the capsule camera at 
his/her home without privacy concerns, images taken outside 
the body should not be stored or transmitted. 
0013 Also, for a capsule camera in which on-board stor 
age is provided for storing images, rather than transmitted by 
wireless, the capsule camera must be retrieved after it exits 
the body. A mechanism that facilitates retrieval after the cap 
sule exits the body is desirable. 
0014. In light of the above, an automatic method for 
detecting when the capsule enters into and exits the body is 
desired, together with the ability for the capsule camera to 
distinguish its various modes of operations are desired. 

SUMMARY 

0015. According to one embodiment of the present inven 
tion, a method for detecting a capsule camera entering into or 
exiting the GI tract, includes (a) taking a first test image under 
the condition that an illumination system of the capsule cam 
era is disabled; (b) taking a second test image under the same 
condition as the first test image; (c) comparing selected cor 
responding pixel values of the first test image and the second 
test image to determine if a significant change in pixel values 
has occurred; and (d) upon detecting the significant change in 
pixel values, determining if the capsule camera has entered or 
exited the GI tract, and performing operations appropriate to 
follow such determination. It is possible to detect entering or 
exiting the patient’s body using a single exposure rather than 
two because, if the LEDs are off, the pixel intensities 
detected by the camera inside the body are very low. A thresh 
old can be set, for example, above which the capsule camera 
is deemed detected to be outside the patient’s body. Similarly, 
a threshold can be set below which the capsule camera is 
deemed detected to be inside the patient’s body. 
0016. The appropriate operations performed after detect 
ing the capsule camera's exit from the GI tract includes stop 
ping further taking or storing of images and, optionally, acti 
Vating an audio signal to indicate the capsule camera has 
exited the GI tract. The appropriate operations performed 
after detecting the capsule camera's entering into the GI tract 
may includes entering into an imaging mode for a next section 
of the GI tract, which may be the esophagus. 
0017. According to one embodiment, the test image is 
exposed on an image sensor array. In some implementations, 
only a selected portion of the image sensor array is used in the 
comparing with the threshold. In addition, a power-on self 
test may be performed after the capsule camera is readied for 
use, the self-test providing a visual report indicating its integ 
rity. The visual report may include a lighting pattern gener 
ated by the illumination system of the capsule camera. 
0018. According to one embodiment of the present inven 

tion, the comparing step for determining the next stage of the 
capsule camera's travel is first taken after a predetermined 
elapsed time from detecting the capsule camera entering into 
the GI tract, or from detecting the capsule camera is powered 
on. The elapsed time may be empirically determined from 
statistics collected from a population of subjects whose GI 
tracts are imaged. 
0019. According to one embodiment of the present inven 

tion, the method may further include determining if a signifi 
cant change in the capsule camera's operating environment 
has occurred, as measured by a secondary sensor, which may 
be a thermometer. The significant change may be detected by 
comparing a temperature measured by the thermometer 
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against a predetermined range. The capsule camera may be 
calibrated under test conditions to determine the predeter 
mined range. The calibration reduces or eliminates a differ 
ence in temperature between the capsule camera and the GI 
tract by compensating for the capsule camera's operations. 
The calibration results are recorded in a storage device in the 
capsule camera for Subsequent retrieval for detection opera 
tions. In another embodiment, the significant change is deter 
mined by comparing two or more temperature measurements 
taken at different times. 

0020. According to one embodiment of the present inven 
tion, the thermometer may include a first set of one or more 
devices connected in series with a second set of one or more 
devices, wherein the first set of devices have a different tem 
perature dependence than the second set of devices. The first 
set of devices may be one or more short channel transistors, 
and the second set of devices may be one or more long 
channel devices. Alternatively, the first set of devices are each 
biased to operate within a linear region, and the second set of 
devices are biased to operate in a saturation region. A digital 
to-analog converter may be provided to sense a Voltage at an 
electrical node between the first set of devices and the second 
set of devices. In one embodiment, the first and the second set 
of devices operate with a strong inversion layer. 
0021 Alternatively, the thermometer may operate by mea 
Suring a leakage current across a PN junction. To measure the 
leakage current, the PN junction is precharged by applying a 
reverse bias voltage across the PN junction. The leakage 
current loss is measured by a voltage of the PN junction after 
a predetermined time period. 
0022. According to another aspect of the present inven 
tion, a capsule camera includes (a) an illumination system 
providing light to illuminate a field of view of the capsule 
camera; (b) a sensor array for taking an image by capturing 
the light from the illumination system reflected from objects 
in the field of view; (c) an image processing unit processing 
the images from the sensor array for Subsequent review; and 
(d) a clock generation module providing one or more clock 
signals to operate the image processing unit; and (e)a control 
unit controlling a frequency of operation of the clock signals 
in response to a control signal derived from an output signal 
of a sensor. The output signal may be provided from the 
sensor array under a test condition, or from a secondary 
sensor, such as a thermometer. In one embodiment, the cap 
Sule camera further includes an enabling logic circuit for 
providing one or more enable signals for enabling and dis 
abling DC paths in one or more of the illuminating system, the 
sensor array, and the image processing unit. 
0023 The present invention is better understood upon 
consideration of the detailed description below in conjunc 
tion with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0024 FIG. 1A shows schematically capsule camera 100 
inside a gastrointestinal tract 10 taking measurements; cap 
Sule camera 100 stores images taken in its on-board archival 
Storage System. 
0025 FIG. 1B shows schematically a variation of the cap 
sule camera in FIG. 1A: capsule camera 150, of FIG. 1A. 
0026 FIG. 2A is a block diagram 200 of capsule camera 
100 of FIG. 1A, having onboard storage 18 to store the 
images. 
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0027 FIG.2B is a block diagram 240 of capsule camera of 
FIG. 1B, having wireless transmitter and antenna system 30 
for transmitting image data to an external receiver (not 
shown). 
0028 FIG. 3A shows a capsule camera being applied to a 
human Subject. 
0029 FIG. 3B shows a capsule camera in the colon region 
of the GI tract, having left the stomach and small intestine 
regions. 
0030 FIG. 4 shows different stages a capsule camera goes 
through in a typical endoscopic application on a human Sub 
ject. 
0031 FIG. 5 shows flow chart 500 corresponding to a 
method for detecting a capsule camera entering an esophagus 
from the time the capsule camera is removed from a package, 
in accordance with one embodiment of the present invention. 
0032 FIG. 6 shows flow chart 600, corresponding to a 
method in which a capsule camera indicates a Successful 
powered-on self-test by flashing its LED’s according a pre 
determined pattern, in accordance with one embodiment of 
the present invention. 
0033 FIG. 7 shows flow chart 700, in which the image 
sensor and a temperature sensor are both used to detect the 
condition at which the capsule camera enters the esophagus 
(step 701), in accordance with one embodiment of the present 
invention. 
0034 FIGS. 8A, 8B, 8C and 8D show, respectively, PN 
junction thermometers 810, 820, 830 and 840. 
0035 FIGS. 9A and 9B show semiconductor transistor 
thermometers 900 and 950, respectively. 
0036 FIG. 10 shows generalized design 1000 for a tran 
sistor thermometer. 

0037 FIG. 11 shows transistor thermometer 1100, in 
which control circuit 1101 controls the gate terminals of 
P-channel transistor chain (1002-1 to 1002-N) and N-channel 
transistor chain (1003-1 to 1003-M) and to activate ADC805 
using the “Readout' signal at the time of temperature mea 
Surement. 

0038 FIG. 12 shows a family of typical current-voltage 
curves for an N-channel transistor, in which IDS is the drain 
source current, VDS is the drain-source voltage and VGS is 
the gate-source Voltage. 
0039 FIG. 13 shows flow chart 1300, corresponding to a 
method for detecting the exit of a capsule camera from the 
patient’s body and the functions performed following detect 
ing the exit. 
0040 FIG. 14 shows flow chart 1400, corresponding to a 
method which uses a thermometer to detect the exit of a 
capsule camera out of a patient’s body, in accordance with 
one embodiment of the present invention. 
004.1 FIG. 15 shows flow chart 1500, corresponding to a 
method for detecting exit of a capsule camera; flow chart 
1500 covers both a method practiced in a capsule camera 
which sends its images by wireless transmission (e.g., such as 
that in FIG. 1B) and a method practiced by a capsule camera 
which stores its images in a non-volatile archival memory 
(e.g., the capsule camera of FIG. 1A). 
0042 FIG. 16 shows flow chart 1600, corresponding to a 
method which drives a speaker in the capsule camera to 
provide an audible signal (step 1602) upon detecting the 
capsule camera's exit from the human body (step 1501). 
0043 FIG. 17 is block diagram 1700 showing a capsule 
camera which is capable of power saving by means of slowing 
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down or turning off clock signals to the different module, and 
selectively disabling DC paths, in accordance with the 
present invention. 
0044) To facilitate cross-referencing among the figures, 
like elements in the figures areassigned like reference numer 
als. 

DETAILED DESCRIPTION OF THE INVENTION 

0045 FIG. 1A shows capsule camera 100 taking measure 
ments inside gastrointestinal tract 10. As shown in FIG. 1A, 
capsule camera 100 includes housing 17, optical system 16, 
LEDs 20A and 20B, and image sensor 21. Image sensor 21 
may include one or more sensor array. The image captured by 
image sensor 21 is processed by image processor 12 using 
digital signal processing techniques. In addition, to conserve 
storage space and power, image processor 12 may also com 
pare successive images taken and selects for storing in archi 
Val memory or storage system 18 only those images that are 
sufficiently different from their immediate predecessors. 
Images may be compressed to save storage space. Power 
supply 24 provides power for capsule camera 100's opera 
tions. Control unit 22 controls the operations of all functional 
units in capsule camera 100. After capsule camera 100 is 
recovered, output port 28 allows a user to upload to a work 
station the stored images and other data. 
0046 FIG. 1B shows schematically capsule camera 150, 
which is a variation of capsule camera 100 of FIG.1A. In FIG. 
1B, instead of storing the images on-board, transmitter and 
antenna system 30 is provided in capsule camera 150 for 
transmitting image data to a receiver outside of the patients 
body, where the image data may be processed or archived for 
later review. The present invention is applicable to both sys 
tems that store the image data on-board and systems that 
transmit the image data. 
0047 FIG. 2A is a block diagram of capsule camera 100 of 
FIG. 1A, having onboard storage 18 to store image data. FIG. 
2B is a block diagram of capsule camera of FIG. 1B, having 
wireless transmitter and antenna system 30 for transmitting 
image data to an external receiver (not shown), which may 
then provide the image data to a data recorder. In FIGS. 2A 
and 2B, each capsule camera is shown to include LED drivers 
210 that control LED illumination system 202 to illuminate a 
field of view for the capsule camera. Imaging optics system 
203 collects and focuses the reflected light onto image sensor 
204. In FIG. 1A or 1B, motion detection module 205 exam 
ines the images taken to determine whether or more motion 
has occurred between images. If motion does not occur 
between two successive images, the redundant image is not 
stored or transmitted. In FIG. 2B, protocol encoder 207 is 
provided to encode the image data for transmission in trans 
mission and antenna system 30. Control unit 22, shown in 
each of FIGS. 2A and 2B, controls the operations of the 
capsule camera. 
0048 FIGS. 2A and 2B each also show secondary sensor 
system 206. Secondary sensor system 206 may include, for 
example, a pH meter for measuring the acidity of the GI tract. 
Such a pH meter has been Successfully used, for example, 
since the famous Heidelberg capsule. Other example of a 
secondary sensor that may be used is a thermometer for 
measuring the body temperature. 
0049 FIG. 3A shows a capsule camera being applied to a 
human Subject. The capsule camera is Swallowed and passes 
through the body by peristalsis. Alternatively, the capsule 
camera may be helped along by a force transmitted from the 
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outside to the capsule camera by magnetic induction, or by 
any other suitable force. After the capsule camera travels 
through the body, it is expelled by the body. A capsule camera 
with an on-board memory device for archival storage of the 
images is retrieved after use. A capsule camera that transmits 
the images as the capsule camera travels through the body 
need not to be retrieved after use. FIG. 3B shows a capsule 
camera in the colon of a human Subject, having passed 
through the stomach and the Small intestines. The human 
intestines are highly convoluted and pose difficulties for a 
tethered camera used as an endoscopic instrument for internal 
inspection. 
0050 FIG. 4 shows different stages a capsule camera goes 
through in a typical endoscopic application on a human Sub 
ject. The capsule camera may begin operation once it is taken 
out of the package (e.g., when a magnetically operated reed 
switch is closed by the act of removal from the package). The 
physician may be interested in examining the entire GI tract 
or selectively, for example, the esophagus and large intes 
tines, or the Small intestine only. However, for Some high 
resolutions or frame rates, a capsule camera may be limited in 
power to target only a portion of the GI tract. In addition, the 
capsule camera may also be limited by the available on-board 
memory capacity, or another factor. The tens of thousand of 
images taken of each patient's GI tract per application limit 
the number of diagnosis a physician can make over a given 
time period. The large amounts of data make archiving, Sub 
sequent retrieval, and transferring patient histories among 
hospitals difficult and costly. A method that facilitates target 
ing only selected portions of interest in the GI tract saves 
effort, time and cost. 
0051. From the design point of view, a different set of 
device parameter values may be required for imaging each 
stage of GI tract. For example, (1) a capsule camera need not 
take images before being Swallowed, (2) while a capsule 
camera storing images in an on-board storage device need not 
take images after it is expelled from the human body, it is 
required to be retrieved, so that a mechanism to facilitate 
retrieval (e.g., a audio beacon that indicates its position) is 
desirable; or (3) as the capsule camera moves faster in the 
esophagus than in another area of the GI tract, a much faster 
frame rate over a shorter duration is appropriate for the 
esophagus stage relative to another stage. Furthermore, a 
capsule camera may be provided an expandable balloon 
which, upon entering the large intestines, expands to stabilize 
the capsule. For Such a system, the balloon expansion should 
occur only after the capsule camera is detected to have 
entered the large intestines. Severe adverse effects may result 
if the balloon is expanded in the small intestines. It is evident 
from these examples that a method for detecting the capsule 
camera's transitioning between stages allows both effective 
and efficient control of the capsule camera in each stage of the 
GI tract. Optimizing capsule camera operations is a signifi 
cant objective from a total medical system solution imple 
mentation point of view. 
0052 FIG. 5 shows flow chart 500, corresponding to a 
method for detecting a capsule camera entering an esophagus 
from the time the capsule camera is removed from a package, 
in accordance with one embodiment of the present invention. 
The method of flow chart 500 takes advantage of the darkness 
in the esophagus when the LEDs of the capsule camera are 
turned off. As described above, the capsule camera may be 
designed to be activated when it is removed from its package 
(e.g., step 501 of FIG. 5). As shown in FIG. 5, initially all the 
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LEDs are turned off, and the image sensor (e.g., image 
sensor 21 of FIG. 1A) in the capsule camera is configured to 
detect light without the LEDs illuminating the field of view 
(step 502). Once a selected set of pixel values—or other 
values derived from the pixel values (e.g., an average pixel 
value or a norm of the pixel values) are detected to be below 
a threshold value (step 503), the capsule camera enters into a 
mode Suitable for operations in the esophagus stage (step 
504). The selected set of pixels may be a pre-selected subset 
or the entire image. 
0053 FIG. 6 shows flow chart 600, corresponding to a 
method in which a capsule camera indicates a Successful 
power-on self-test by flashing its LED’s according a prede 
termined pattern (step 601), in accordance with one embodi 
ment of the present invention. Under this method, the mag 
netically operated reed switch (i.e., power switch) in the 
capsule camera is put in the “off” state every time the capsule 
camera returns to its package where a magnet field is present. 
Each time the capsule camera is removed from the package, a 
power-on self-test is performed. The results of the self-test 
(e.g., all systems operational, or one or more error conditions 
are detected) is reported by the flashing pattern of the LEDs. 
In addition, after the reed switch has been closed for a prede 
termined period of time, the capsule camera may record in a 
nonvolatile storage device (e.g. in a flash memory) the num 
ber of times the capsule camera device has been used (by 
incrementing the previous stored number of times of use). 
This number of times may be reported before ingestion by a 
flashing pattern of the LEDs. (For example, a suitable flashing 
pattern may require some LEDs to stay “off” or be turned on 
and off in a predetermined sequence or power levels). Such 
information for preserving the capsule camera's history in the 
non-volatile way described above may also be based on a 
detection of the capsule camera entering or exiting the human 
body using, for example, one of the methods described below. 
0054 Under the method of FIG. 6, the operations of the 
capsule camera after the power-on self-test are substantially 
those discussed above with respect to FIG. 5, and are there 
fore not repeated. For a capsule camera with a non-volatile 
archival memory, the capsule camera may retrieve historical 
information concerning the capsule camera ("device his 
tory') from the archival memory. The pattern signaled by the 
LED’s may be different dependent on the device history. The 
device history may also limit the operations that can be per 
formed by the capsule camera (e.g., if a capsule camera has 
been used once before in a human body, health regulations 
may prohibit its used for taking images of the GI tract again; 
alternatively, the capsule camera may be required to operate 
in a different way than a brand new capsule). Control unit 22 
may retrieve the device history at power-up to control subse 
quent device operations accordingly. Even for a capsule cam 
era with a wireless transmitter and antenna, a device history 
may stored in an on-board storage device; of course. Such as 
storage device need only have a much smaller incapacity than 
a storage device used for archiving images. 
0055. Because the temperature in the esophagus is within 
a well-known range (i.e., 36° C. to 43° C.), a temperature 
sensor (e.g., a temperature sensor in secondary sensor 206 of 
FIG. 2A or 2B) maybe used to detect the capsule cameras 
entry into the esophagus mode. FIG. 7 shows flow chart 700, 
in which the image sensor and a temperature sensor are both 
used to detect the condition at which the capsule camera 
enters the esophagus (step 701), in accordance with one 
embodiment of the present invention. The other steps in the 
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method of flow chart 700 are substantially those of FIG. 6, 
and their descriptions are therefore omitted for brevity. As the 
capsule camera dissipates some amount of power during its 
operations, the temperature in the capsule camera may be 
slightly higher than the esophagus. However, as the esopha 
gus—which is composed primarily of tissue and water is an 
effective thermal conductor, such that only a small value need 
be added to the 36°C. to 43°C. range in the empirical data to 
account for any heating of the capsule camera due to the 
capsule camera's operation. The added value depends on the 
operational parameters, e.g., the frame rate, the nature and the 
functions operating in the capsule camera, the illumination in 
each LED, and whether or not storage or transmission is 
performed. 
0056. Even though step 701 of FIG.7 requires a compari 
Son of temperatures, a thermometer that provides an absolute 
temperature may not be necessary. Instead, a temperature 
dependent physical phenomena may be used which provides 
a measurable physical quantity that can be compared against 
a range of values (i.e., corresponding to a physical quantity 
having a value between Temp1 and Temp2, as illustrated by 
step 701 of FIG. 7). During manufacturing or any time before 
the Subject Swallows the capsule camera, the values corre 
sponding to Temp1 and Temp2 are stored in the capsule 
camera. Inside the patient’s body, the current value of the 
selected physical quantity is compared to the recorded values 
of Temp1 and Temp2 to determine if the current value is 
within the desired range. A number of different pairs of values 
for Temp1 and Temp2 may be provided for use under different 
operating parameters. 
0057. As described, the values Temp1 and Temp2 of FIG. 
7 are adjusted for the temperature difference at the thermom 
eter relative to the capsule camera's environment. As dis 
cussed above, the difference in temperature depends also on 
the thermal conductance between the capsule and the envi 
ronment, the amount of heat generated in the operations and 
the heat distribution. Calibration may be carried out for dif 
ferent modes of capsule camera operations. For example, 
under an active mode, where pictures are taken with high 
LED intensities, for example, a Substantial amount of heat is 
generated over a longer duration, relative to a monitor or 
stand-by mode of operation. Thus different temperature 
ranges (i.e., different values for Temp1's and Temp2's) may 
be stored in different parameter value sets, each parameterset 
being designed for use in predetermined operating condi 
tions. 

0058 Alternatively, measurements may be made between 
operations to minimize the temperature difference between 
the capsule and its environment. In one embodiment, the 
values of Temp1 and Tempt take into account operational 
parameters and the elapsed time since the operations are 
carried out. Of course, a lesser weight is provided to opera 
tional conditions which have taken place a greater elapsed 
time ago. 
0059. In one embodiment, temperatures are compared in 
the analog domain using an analog comparator. In one 
embodiment, regardless of whether the thermometer is junc 
tion-based or transistor-based (see discussion relating to 
FIGS. 9-12 below), the thermometer is located a distance DL 
away from the rest of the circuits on the integrated circuit. In 
one embodiment, DL is substantially greater than TW, where 
TW is the wafer thickness. (TW is a value typically around 
300 um after grinding.) By this arrangement, temperature 
increases due to operations of other circuits on the same 
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capsule camera integrated circuit may be minimized, espe 
cially when the capsule camera integrated circuit is not pack 
aged (e.g., as in a chip-on-board (COB) mounting). In one 
embodiment, the thermometer is provided its own power and 
ground pads, or isolated fixed voltage sources, so as to avoid 
noise and to provide greater accuracy. 
0060. To measure temperature, a thermometer takes 
advantage of a temperature-dependent material property or 
physical phenomena. The stronger the temperature-depen 
dence, the more sensitive—and in general, the better is the 
resulting thermometer. For example, a cubic or an exponen 
tial dependence allows a more sensitive instrument to be built 
than a linear dependence. Conversely, a square root or a 
logarithmic dependence results in a less sensitive instrument 
relative to a linear dependence. In that regard, the thermal 
leakage current of a semiconductor PN junction has a tem 
perature dependence that is approximately proportional to 

1 1.1 
enkT, 

where k is Boltzmann's constant, T is the absolute tempera 
ture, and n is a value between 1 and 2. At room temperature 
(i.e., 25°C.), kT is about 0.026. Thus, over the typical oper 
ating temperature range specified for a commercial semicon 
ductor product, the PN junction leakage current varies over 
approximately three orders of magnitude. Thus, the leakage 
current of a PN junction exhibits strong temperature depen 
dence. Accordingly, temperature may be measured from a 
loss of Voltage at a pre-charged PN junction after a predeter 
mined elapsed time. Some thermometers that are based on 
measuring a leakage current of a PN junction are shown in 
FIGS. 8A, 8B, 8C and 8D. 
0061 FIGS. 8A, 8B, 8C and 8D show PN junction ther 
mometers 810, 820, 830 and 840, respectively. As shown in 
FIG. 8A, a P+N junction is formed in P-substrate 801 by P+ 
region 802, N-well 803 and N+ contact region 804. A positive 
bias Voltage V is applied to N+ contact region 804 (and 
hence N-well 803 also) to reverse-bias the P+N junction. 
Initially, the pre-charge signal at the gate terminal of NMOS 
transistor 805 is turned on for a proper duration to pull P+ 
region 802 towards the ground voltage, such that the reverse 
bias of the P+N junction is V. Volts. The Pre-charge signal 
is then turned off, and the charge stored in the P+N junction is 
allowed to leak. After a predetermined time period, the 
“Readout control signal at analog-to-digital converter 
(ADC) 805 is asserted to sense the voltage on P+ region 802. 
which is now a Voltage higher than ground, due to positive 
carriers (i.e., the holes) leaking into P+ region 802, while the 
negative carriers (i.e. the electrons) leak toward N-well 803 
and the V node at N+ region 803. The measured rise in 
voltage at P+ region 802 is dependent on the temperature, as 
described above. 
0062. As long as a P region is enclosed by an N region 
(e.g., a P+ region provided inside an N region), which is 
further enclosed by another P region, a junction that can be 
used as a thermometer may be formed. FIGS. 8B, 8C and 8D 
show other configurations of such thermometers. For 
example, in FIG. 8B, a PN+junction is formed in N substrate 
811 which includes P+ contact region 814, P-well 813 and N+ 
region 812. The PN+junction is pre-charged through PMOS 
transistor 815. In FIG. 8B, N-- region 812 is pre-charged to 
VREr 
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0063. The thermometers of FIGS. 8A, 8B, 8C and 8D may 
be built using any semiconductor process. The V and 
V reference Voltages of FIGS. 8C and 8D are just some 
Suitable fixed Voltage nodes having sufficient drive to accom 
plish the pre-charge. In FIGS. 8C and 8D, for example, P+ 
region 802 and N+ region 812 are pre-charged to V. 
Similarly, N+ region 812 is precharged to V. One advan 
tage of using Voltages V, and V, rather than between 
Supply voltage V and the ground Voltage, is to allow ADC 
805 to operate more efficiently at this biasing point. In one 
embodiment, an N-channel transistor may be used to pre 
charge the junction to the higher Voltage (i.e., Voltage 
VREFH, or voltage VCC); in that case, the junction voltage is 
at VREFH or VCC minus the threshold voltage of the pre 
charge N-channel transistor. Similarly, a P-channel transistor 
may be used to pre-charge the junction to a lower Voltage (i.e., 
voltage VREFL or GND); in that case, the voltage at the 
junction is VREFL (or GND) plus the threshold voltage of the 
pre-charge P-channel transistor. It may be also possible that, 
after the Readout sensing, a pre-charge is performed followed 
by another Readout sensing. In that case, a correlated double 
sampling may be performed. An amplifier may also amplify 
the difference of the two sensed voltages. 
0064. In one embodiment, the pre-charge duration is pro 
vided at the beginning of a frame and the “Readout' duration 
is provided the end of the frame. In another embodiment, the 
pre-charge duration is provided at the beginning of a frame 
and the “Readout' duration is provided at the end of the 
frame, which may be N frames from the beginning of the 
pre-charge duration. A register or a parameter may be used to 
control the number of elapsed frames or elapsed time between 
the pre-charge and “Readout' operations. In one embodi 
ment, ADC 805 is kept on all the time, while the “Readout' 
signal samples or latches the digital output. 
0065 FIG. 12 shows a family of typical current-voltage 
curves for an N-channel transistor, in which IDS is the drain 
source current, VDS is the drain-source voltage and VGS is 
the gate-source voltage. As shown in FIG. 12, current IDS for 
each curve tends to flatten when drain-source VDS exceeds 
the “saturation voltage, which is marked for the family of 
curves by the dashed line. The region to the right of the dashed 
line is referred to as the saturation region, and the region to the 
left of the dashed line is referred to as the linear region. A 
similar family of curves exists for a P-channel transistor, but 
with proper polarity reversals. For each VGS, the current in 
the flattened part is referred to as the “saturation current.” 
0066. In a long-channel transistor, the temperature-depen 
dence of the Saturation current is approximately proportional 
to the square of the inverse of the temperature (i.e., T). In a 
short-channel transistor, however, the predominant physical 
mechanism for current Saturation is carrier Velocity Satura 
tion, which has a temperature-dependence that is approxi 
mately proportional to the inverse of the temperature (i.e., 
T"). The resulting saturation current temperature-dependence 
is therefore approximately proportional to T', where d is a 
number between 1 and 2, and close to 1.5. FIGS. 9A and 9B 
show semiconductor transistor thermometers 900 and 950, 
taking advantage of the channel characteristics of these tran 
sistors. As shown in FIG.9A, semiconductor transistor ther 
mometer 900 includes long channel PMOS device 902 and 
short channel NMOS device 901. NMOS device 901 has, for 
example, the minimum design channel length for a small 
geometry process (e.g., a deep Submicron process. Such as a 
process having 130 nm feature size). In semiconductor tran 
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sistor thermometer 900, when temperature rises, the voltage 
at the input terminal of ADC 805 falls. Conversely, when 
temperature falls, the voltage at the input terminal of ADC 
805 rises. The output value of ADC 805 may be calibrated to 
indicate the temperature at thermometer 900. FIG.9B shows 
semiconductor transistor thermometer 950 as including short 
channel PMOS device 903 and long channel NMOS device 
904. In semiconductor thermometer 950, when temperature 
falls, the voltage at the input terminal of ADC 805 rises. 
Conversely, the voltage at the input terminal of ADC 805 falls 
when temperature rises. The output value of ADC 805 may be 
calibrated to provide a read-out of the temperature at ther 
mometer 900. 

0067. As seen in FIGS. 9A and 9B, each of semiconductor 
transistorthermometer 900 and 950 has a DC current flowing 
directly from a power Supply terminal to a ground terminal. In 
order to minimize power dissipation due to this DC current, 
both transistor 901 in FIG. 9A and transistor 903 of FIG.9B 
may be minimum width (i.e., widths W., of transistor 901 and 
W., of transistor 903 are minimum-widths for the manufac 
turing process). 
0068 FIG. 10 shows generalized design 1000 for a semi 
conductor transistor thermometer, which includes a P-chan 
nel transistor chain (1002-1 to 1002-N) and a N-channel 
transistor chain (1003-1 to 1003-M). Transistor thermometer 
1000 is the same circuit as transistor thermometer 900, when 
N=M=1. As shown in FIG. 10, because the sum of the channel 
lengths of all the PMOS devices is much greater than the sum 
of all the channel lengths of the NMOS devices (i.e., Lp+.. 
... +Lp>Ln+...+Ln) in the thermometer, the temperature 
dependence of the serially connected P-channel transistors is 
more pronounced than the temperature dependence of seri 
ally connected N-channel transistors. The gate Voltage 
applied to each transistor may be different, so long as the 
transistor is turned on in the strong inversion region. In this 
case, the voltage at the input terminal of ADC 805 rises when 
temperature falls, and vice versa. Design 1000 is a general 
ized case for both semiconductor transistorthermometers 900 
and 950 of FIGS. 9A and 9B. 

0069. Alternatively, the sum of the channel lengths of all 
the PMOS device may be selected to be much less than the 
sum of all the channel lengths of the NMOS devices (i.e., 
Lp + . . . +Lp was n+...+Ln). In that case, the tempera 
ture dependence of the serially connected N-channel transis 
tors is more pronounced than the temperature dependence of 
the serially connected P-channel transistors, so that the input 
voltage to ADC 805 rises with temperature. 
0070. The thermometers of FIGS. 9A, 9B and 10 take 
advantage of the difference in temperature dependence 
between carrier velocity saturation and carrier mobility. 
Other temperature-dependencies may also be used. 
(0071. In FIG. 10, each transistor may be formed by a 
number of parallel transistors, for example. Further, the 
source offirst transistorin the P-channel transistor chain need 
not be connected to the power Supply terminal, and the last 
transistor in the N-channel transistor chain need not to con 
nect to a ground terminal. Any two Voltage nodes providing 
an appropriate Voltage difference Such that all transistors are 
biased into the saturation region would suffice. The number of 
N-channel transistors may be limited to ensure a strong short 
channel Velocity Saturation effect is present. A circuit simu 
lation (e.g., using the HSPICE simulation program) indicates 
the effect. 
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0072 FIG. 11 shows transistor thermometer 1100, in 
which control circuit 1101 controls the gate terminals of 
P-channel transistor chain (1002-1 to 1002-N) and N-channel 
transistor chain (1003-1 to 1003-M) and to activate ADC805 
using the “Readout' signal at the time of temperature mea 
Surement. (In practice, only one gate in P-channel transistor 
chain (1002-1 to 1002-N) or N-channel transistor chain 
(1003-1 to 1003-M) needs to be disabled to prevent a current 
flow.) Alternatively, ADC 805 may stay on, allowing the 
“Readout signal to sample or latch the digital output signal 
of ADC 805. 

0073. One variation from the semiconductor transistor 
thermometer 900 of FIG.9A is to provide both transistors 901 
and 902 as short channel transistors, with one transistor being 
biased to operate in the linear region, while the other transis 
tor is biased to operate in the saturation region. Since the 
saturation current (IDS) of a short channel transistor has a 
temperature dependence that is close to the power of -1.5. 
while the temperature dependence of the linear region current 
of the short channel transistor is close to the power of -2 (i.e., 
approximately the same as the temperature dependence of the 
saturation current in a long channel transistor), the resulting 
input voltage to ADC 805 rises with rising temperature in a 
circuit in which a N-channel transistor biased to operate in the 
linear region and a P-channel transistor biased to operate in 
the Saturation region. Conversely, the resulting input Voltage 
to ADC 805 falls with rising temperature in a circuit in which 
a P-channel transistor is biased to operate in the linear region 
and a N-channel transistor is biased in the Saturation region. 
(A long-channel transistor has the same temperature depen 
dence in the linear region as in the saturation region.) Simi 
larly, if the transistors in one of the transistor chain of tran 
sistor thermometer 1000 of FIG. 10 meet the short channel 
requirement (i.e., all of Lp, . . . . Lp,w or Ln. . . . , Ln are 
short channel lengths) and are biased to operate in the Satu 
ration region, while the transistors in the other transistor chain 
of are biased to operate in the linear region, the difference 
between their temperature dependences may be exploited in a 
thermometer. 

0074 Referring back to FIG.4, before the capsule camera 
enters into the patient's body, only the image sensor and the 
necessary image processing and controller functions are 
enabled. As the capsule camera's operation at this stage is 
relatively simple, the clock frequencies for carrying out these 
functions may be reduced. At this stage, none of the other 
functions (e.g., illumination by illumination system 202 
except for the signaling after the self-test, compression, Stor 
age in archival memory 18, motion detection at module 205, 
or other functions) are performed. In one embodiment, the 
capsule camera does not cut off power to the circuits for 
performing these functions, because powering up these func 
tions may cause significant delay in time and a power Surge. 
Instead the input clock signals to circuits performing these 
functions are gated (i.e., the transitions in the clock signals are 
not propagated to these circuits) or significantly slowed, and 
DC paths are disabled. (A DC path is a current path between 
two nodes of different voltages, and which includes serially 
connected conducting transistors biased by a static gate Volt 
age to operate with a strong inversion layer, i.e., VGS-VT+ 
3kT, where k is Boltzmann's constant and T the absolute 
temperature. The static Voltage on the gate terminals is non 
varying (i.e., the derivative of gate-source Voltage as a func 
tion of time is Zero, or 
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d(VGS) dt o). 

Normally, DC paths are disabled by deasserting enable sig 
nals in a module or for the entire integrated circuit. Alterna 
tively, a chip select pin, CS or #CS, may be used. 
(0075 FIG. 13 shows flow chart 1300, corresponding to a 
method for detecting the exit of a capsule camera from the 
patient’s body and the functions performed following detect 
ing the exit of the capsule camera from the body. During 
operations in a patient’s body (step 1301), images may be 
taken without any illumination provided from the capsule 
(step 1302). At the end of the journey through the patients 
body, if the capsule camera has exited the body, light is 
detected in some pixels on the image sensor array eventhough 
no light is provided from any illumination source within the 
capsule camera (step 1303). In one embodiment, the image 
taken covers only a fraction of an image sensor array. As the 
journey through the body is long, taking of these images 
without illumination need not start until after a predetermined 
elapsed time. The elapse time may be set by measuring, over 
a large number of subjects, the typical time the capsule cam 
era stays in a patient’s body. Motility-enhancing drug or other 
drug may be prescribed to affect the time for which the 
capsule camera may stay in the patient’s body. Some care is 
required to determine the elapsed time to begin detecting exit 
from the patient’s body, based on statistics collected from 
patients under similar medications. Alternatively, the elapsed 
time to begin taking images without illumination provided by 
the capsule may start after a predetermined time measured 
from the time the capsule camera was removed from its pack 
age (i.e., when the reed Switch is activated). 
0076 For at least three reasons, the capsule camera must 
stop taking or storing images (step 1304) once the pixel 
values in an image for detecting exit exceed some predeter 
mined threshold, indicating the capsule camera's exit from 
the body. First, image data collected up to this point may need 
to be transferred over the internet or bestored in a medium. As 
the battery (e.g., battery 24 of FIG. 1A) may still provide 
power beyond the capsule camera's exit from the patients 
body, images are continued being taken and stored after the 
capsule camera exits from the body. The resulting file size 
may become significantly large, increasing the complexity, 
time, and cost for the transmission process or the storing 
process. The same problem exists also for wireless solution in 
FIG. 1B. This problem is especially probable for a large 
intestine diagnostic procedure. Second, if a technician is 
required to examine and to separate the images taken within 
the body from those taken outside the body, such a task adds 
significantly to the cost of the procedure. Third, for personal 
privacy protection reasons, a Subject may prefer not to have 
others see images of his or her body taken after the capsule 
camera has exited his or her body. The recent proliferation of 
images and videos on the internet makes loss of privacy a 
legitimate concern. Thus, an additional step in method 1300 
of FIG. 13 may include deleting images taken and stored 
following the last time the image sensor confirms that the 
capsule camera is still traveling through the body (i.e., the 
capsule camera did not detect light in an image that is not 
illuminated by capsule camera's illumination system). Dele 
tion may also be made for a predetermined number of images 
taken and stored just before exit from the human body is 
detected. 
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0077 FIG. 14 shows flow chart 1400, corresponding to a 
method which uses a thermometer to detect the exit of a 
capsule camera out of a patient’s body, in accordance with 
one embodiment of the present invention. The method of FIG. 
14 detects a Sudden change in temperature to detect the cap 
Sule camera's exit from the body. Although an accurate tem 
perature reading may be measured to detect a change in the 
capsule camera's operating environment, it is Sufficient to 
merely detect a change in temperature that exceeds a prede 
termined threshold (steps 1404-1405). As discussed above, 
the temperature can be inferred from a measured physical 
quantity. The threshold may be experimentally determined 
(steps 1402-1403). For example, using a junction thermom 
eter, a Voltage difference may be compared with an experi 
mentally determined threshold to determine if the capsule 
camera has exited the patient's body. 
0078. In FIG. 14, to determine a temperature change, the 
current measured temperature is compared with the last mea 
sured temperature (N=1; step 1404). Alternatively, the current 
measured temperature may be compared with a number of 
previously measured temperatures to detect a trend. Such a 
method would allow detection of both a fast exit and a relative 
slow exit from the body by the capsule camera. In one 
embodiment, the comparison is made using a measured tem 
perature taken at a previous predetermined time point relative 
to the current time. In one embodiment, the current measured 
temperature is compared with multiple previous measured 
temperatures. Temperature measurements may begin follow 
ing a predetermined elapsed time following closing of a reed 
Switch in the capsule camera, indicating the capsule camera's 
removal from its package, or from the time the capsule cam 
era is detected to have entered the human body (step 1401), 
using any of the previously described methods (e.g., the meth 
ods of FIGS. 5-7). 
0079. Because the GI tract inner wall radiates long-wave 
length radiation in the red portion of the visible spectrum, one 
or more light detection operations or one or more temperature 
measurements, such as those used in the methods discussed 
above, may be made when a fall in radiation of those red 
portion of the visible spectrum is detected, relative to radia 
tion from other portions of the spectrum. This test is probably 
more effective for detecting the capsule camera exiting the 
human body than entering. 
0080 FIG. 15 shows flow chart 1500, corresponding to a 
method for detecting exit of a capsule camera; flow chart 
1500 covers both a method practiced in a capsule camera 
which sends its images by wireless transmission (e.g., such as 
that in FIG. 1B) and a method practiced by a capsule camera 
which stores its images in a non-volatile archival memory 
(e.g., the capsule camera of FIG. 1A). 
0081 FIG. 16 shows flow chart 1600, corresponding to a 
method which drives a speaker in the capsule camera to 
provide an audible signal (step 1602) upon detecting the 
capsule camera's exit from the human body (step 1501). The 
audible signal alerts the user and to facilitate retrieving the 
capsule camera to obtain the image data stored in the capsule 
camera's on-board memory. A Suitable speaker may be a 
piezo-type speaker, or another Suitable miniature speaker. In 
one embodiment, the pattern of Sounds created may change 
after a predetermined elapsed time. Alternatively, the sound 
stop after a predetermined elapsed time. 
0082 FIG. 17 shows a control scheme in which clock 
signals ck0, ... ckN may be gated, or provided a much lesser 
frequencies, and enabling signals enO. . . . enM may be dis 
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abled for every module (e.g., LED drivers 201, LED illumi 
nation system 202, compression module 1702 and archival 
memory 18), except wakeup circuits 1706, to preserve power 
and to wait for an event to wake up the capsule camera to 
perform a predetermined operation (e.g., when the exit of the 
capsule is detected). This power control scheme is useful for 
a capsule camera that stores its image data in an on-board 
memory, and which requires some power to keep data in a 
volatile memory until the capsule camera is retrieved. In that 
situation, a chip-enable or chip-select signal to the memory 
may be disabled and the memory enters a low-power data 
retention mode. Furthermore, some power may be needed the 
measurement related data, including image data, are down 
loaded to a workstation directly or through a docking system. 
The capsule camera may enterinto a power-saving mode after 
activating an audio speaker for a predetermined time. Every 
module in FIG. 17 may not receive any clock signal or any 
enable signal. Some modules may receive multiple clock 
signals or multiple enable signals. (For example, in a module 
having static logic gates only, an enabling signal may not be 
needed.) Each enable signal turns off a DC path from the 
power Supply reference to the ground reference when the 
input signals are not transitioning. Additionally, the system 
may include multiple resonant circuits or multiple crystal 
driving circuits for clock system. In one embodiment, only 
the resonant circuit or the crystal-driving circuits for the 
wake-up circuits is kept on. 
I0083. The above detailed description is provided to illus 
trate the specific embodiments of the present invention and is 
not intended to be limiting. Numerous variations and modi 
fications within the scope of the present invention are pos 
sible. The present invention is set forth in the following 
claims: 

I claim: 
1. A method for detecting a capsule camera entering into or 

exiting the GI tract, comprising: 
operating the capsule camera to take a plurality of images 

along the GI tract; 
using a sensing circuit in the capsule camera that is sensi 

tive to an environmental difference between the GI tract 
and an environment outside of a human body, determin 
ing whether or not the capsule camera has exited the GI 
tract; and 

upon determining that the capsule camera has exited the GI 
tract, deleting a predetermined number of the images 
taken immediately preceding the determination. 

2. The method of claim 1, wherein the sensing circuit 
comprises an image sensor array for capturing the images, 
wherein the image sensor array (i) takes a test image under a 
condition that an illumination system of the capsule camera is 
disabled, (ii) determining whether or not a function computed 
based on selected pixel values of the test image exceeds a 
predetermine threshold. 

3. The method of claim 2 wherein the predetermined 
threshold is determined using a previously obtained test 
image. 

4. The method of claim 2, wherein the selected pixel values 
correspond to data in a Subset of the image sensor array. 

5. The method of claim 2, wherein the function computed 
is based on selected pixel values relates to a red component in 
the test image. 

6. The method of claim 1, wherein the sensing circuit 
comprises a semiconductor thermometer. 
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7. The method of claim 1, wherein the environmental dif 
ference is detected by comparing a temperature measured by 
the semiconductor thermometer against a predetermined 
range. 

8. The method of claim 7 further comprising calibrating the 
capsule camera under test conditions to determine the prede 
termined range. 

9. The method of claim8, wherein results of the calibrating 
step are recorded in a storage device in the capsule camera for 
Subsequent retrieval. 

10. The method of claim 8, wherein a separate predeter 
mined range is determined for each test condition. 

11. The method of claim 7, where the predetermined range 
is stored in a storage device in the capsule camera. 

12. The method of claim 6, wherein the environmental 
difference is detected by comparing temperature measure 
ments taken at different times. 

13. The method of claim 6, wherein the semiconductor 
thermometer detects a temperature change based on a leakage 
current in a PN junction. 

14. The method of claim 13, further comprising pre-charg 
ing the PN junction by applying a reverse bias Voltage across 
the PN junction, and measuring a voltage of the PN junction 
after a predetermined time period. 

15. The method of claim 14, further comprising providing 
an analog-to-digital converter to provide a read-out of the 
Voltage. 

16. The method of claim 15, wherein the predetermined 
period is set by the sampling time of the Voltage at the analog 
to-digital converter. 

17. The method of claim 6, wherein the semiconductor 
thermometer detects a change in temperature based on a 
temperature-dependence in a channel current of an MOS 
transistor. 

18. The method of claim 6, wherein the semiconductor 
thermometer detects a change in temperature based on a 
difference in temperature-dependence among a plurality of 
MOS transistors. 

19. The method of claim 18, wherein the difference in 
temperature-dependence arises from a difference in channel 
length among the MOS transistors. 

20. The method of claim 18, wherein the MOS transistors 
comprise a first set of one or more devices connected in series 
with a second set of one or more devices, wherein each set of 
devices has a common temperature-dependence, but the tem 
perature-dependence of the first of devices is different than 
the temperature-dependence of the second set of devices. 

21. The method of claim 20, wherein the first set of devices 
comprises one or more short channel transistors, and wherein 
the second set of devices comprises one or more long channel 
devices. 

22. The method of claim 20, wherein the first set of devices 
are each biased to operate within a linear region, and wherein 
the second set of devices are biased to operate in a Saturation 
region. 

23. The method of claim 22, further comprising a digital 
to-analog converter sensing a Voltage at an electrical node 
between the first set of devices and the second set of devices. 

24. The method as in claim 20, wherein the first and second 
sets of devices operate with a strong inversion layer. 

25. The method of claim 1 further comprising activating an 
audio signal to indicate the capsule camera has exited the GI 
tract. 
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26. The method of claim 1, wherein the capsule camera 
stores the images in an on-board archival memory. 

27. The method of claim 1, wherein the capsule camera 
transmits the images by wireless as the images are taken, and 
as the capsule camera travels along the GI tract. 

28. The method of claim 1, further comprising recording 
each time the function exceeds the predetermined threshold 
in a history record of an on-board storage device, and exam 
ining the history record in a power-on self-test. 

29. The method of claim 28, wherein the power-on self-test 
comprises a self-diagnosing function. 

30. The method of claim 1, further comprising enabling a 
lighting pattern using an illumination system in the capsule 
camera upon the determination that the capsule camera has 
exited the GI tract. 

31. An integrated circuit, comprising: 
a semiconductor thermometer, and 
a control circuit which detects an environmental difference 

during operation of the integrated circuit using the semi 
conductor thermometer. 

32. The integrated circuit of claim 31, wherein the control 
circuit detects the environmental difference by comparing a 
temperature measured by the semiconductor thermometer 
against a predetermined range. 

33. The integrated circuit of claim 31, wherein the control 
circuit calibrates the semiconductor thermometer under test 
conditions. 

34. The integrated circuit of claim 33, further comprising a 
storage device in which calibration results under the test 
conditions are recorded. 

35. The integrated circuit of claim 34, wherein a separate 
predetermined range is recorded for each test condition. 

36. The integrated circuit of claim 31, wherein the control 
circuit detects the environmental difference by comparing 
temperature measurements taken at different times. 

37. The integrated circuit of claim 31, wherein the semi 
conductor thermometer detects a temperature change based 
on a leakage current in a PN junction. 

38. The integrated circuit of claim 37, further comprising a 
pre-charging circuit that applies a reverse bias Voltage across 
the PN junction, wherein the control circuit measures a volt 
age of the PN junction after a predetermined time period of 
the reverse bias Voltage being applied. 

39. The integrated circuit of claim 38, further comprising 
an analog-to-digital converter which provides the control cir 
cuit a read-out of the Voltage being measured. 

40. The integrated circuit of claim 39, wherein the prede 
termined period is set by the sampling time of the Voltage at 
the analog-to-digital converter. 

41. The integrated circuit of claim 31, wherein the semi 
conductor thermometer detects a change in temperature 
based on a temperature-dependence in a channel current of an 
MOS transistor. 

42. The integrated circuit of claim 31, wherein the semi 
conductor thermometer detects a change in temperature 
based on a difference in temperature-dependence among a 
plurality of MOS transistors. 

43. The integrated circuit of claim 42, wherein the differ 
ence in temperature-dependence arise from a difference in 
channel length among the MOS transistors. 

44. The integrated circuit of claim 42, wherein the MOS 
transistors comprise a first set of one or more devices con 
nected in series with a second set of one or more devices, 
wherein each set of devices has a common temperature-de 
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pendence, but the temperature-dependence of the first of 
devices is different than the temperature-dependence of the 
second set of devices. 

45. The integrated circuit of claim 44, wherein the first set 
of devices comprise one or more short channel transistors, 
and wherein the second set of devices comprise one or more 
long channel devices. 

46. The integrated circuit of claim 44, wherein the first set 
of devices are each biased to operate within a linear region, 
and wherein the second set of devices are biased to operate in 
a saturation region. 

47. The integrated circuit of claim 46, further comprising a 
digital-to-analog converter which receives a Voltage at an 
electrical node between the first set of devices and the second 
set of devices. 

48. The integrated circuit of claim 44, wherein the first and 
second sets of devices operate with a strong inversion layer. 

49. The integrated circuit of claim 31, further comprising 
an array of non-volatile memory cells. 

50. The integrated circuit of claim 31, wherein the control 
circuit performs a power-on self-test. 

51. The integrated circuit of claim 50, wherein the power 
on self-test comprises a self-diagnosing function. 

k k k k k 


