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(57) ABSTRACT 

Methods, systems, and apparatuses for an ingestible sensor 
device are described. The ingestible sensor devices may be 
Swallowed by an animal to diagnose one or more conditions 
of the animal. The ingestible sensor device may include a 
sensor configured to receive a stimulus inside the gastrointes 
tinal tract of an animal, wherein the sensor is configured to 
output a signal having a characteristic proportional to the 
received stimulus. The ingestible sensor device may further 
include a communications module that transmits a signal 
modulated with the sensor output signal and a housing con 
figured to have a size that is Swallowable, wherein the housing 
Substantially encloses the sensor and communications mod 
ule. 
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NGESTIBLE LOW POWER SENSORDEVICE 
AND SYSTEM FOR COMMUNICATING WITH 

SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a continuation of and 
claims benefit to U.S. patent application Ser. No. 1 1/851.221, 
filed Sep. 6, 2007, entitled “INGESTIBLE LOW POWER 
SENSORDEVICE AND SYSTEM FOR COMMUNICAT 
ING WITH SAME' which is incorporated by reference 
herein in its entirety. The present application also claims the 
benefit of U.S. Provisional Patent Appl. No. 60/842,360, filed 
Sep. 6, 2006, which is incorporated by reference herein in its 
entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to medical diagnos 

tics, and in particular, to ingestible medical diagnostic 
devices. 
0004 2. Background Art 
0005. The population of the United States is aging. The 

first wave of the 78 million “Baby Boomers' is beginning to 
turn 60 years old. Coinciding with this aging of population is 
a rising concern regarding the public health, and a generally 
more educated patient in technology awareness. There has 
been an explosion in diabetes cases, estimated at 194 million 
cases worldwide today, and predicted to be 350 million cases 
by year 2025. Obesity currently affects two thirds of the U.S. 
population. There is a rising incidence of cardiac problems 
for women (the #1 cause of death for women). Hepatitis C 
will soon reach epidemic levels, infecting nearly 5 million 
people, more than the number of approximately 1.2 million 
people infected with HIV/AIDS in the U.S. Celiac disease 
affects approximately 2.2 million people in the U.S., with 
about 97% being undiagnosed. The prevalence of further 
serious conditions, such as colon cancer, other cancers, ultra 
or ulcerative-colitis, lactose intolerance, allergies, irritable 
bowel syndrome. Crohn's disease, etc., indicate that there is a 
need for simple and easy diagnostic techniques, especially 
because many of these diseases are chronic, requiring repeat 
testing over time. Some conditions, such as cancer, are most 
responsive to treatment if caught in the early stages. Cancer, 
for example, is best detected in the digestive tract. Given that 
cancerous growth can occur in as little as one to two years, it 
is essential to detect cancer or cancerous precursors at least 
annually, or preferably biannually. Physician and health care 
resources are currently already stretched and will fail if the 
current technology, process and procedure are not altered to 
suit the needs of the baby boomer market of the near future. 
Time-saving and simple solutions to diagnostics are needed. 
0006. The current population desires speedy testing and 
fast answers to their health questions. Many current testing 
and monitoring systems are limited by old technology and 
processes that takes clays if not weeks for results. These test 
methods if not inconvenient and potentially embarrassing are 
at least in most cases intrinsically painful or risky to patients. 
0007. One ingestible diagnostic device in the market today 

is a disposable camera pill or capsule camera, which captures 
images of the Small intestines as it passes through. Camera 
pill usage by patients and physicians is limited in many dif 
ferent ways. The current camera pill systems require a bulky 
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reading device worn as a belt around the waist and adhesive 
sensors attached to the body to capture the electromagnetic 
inductively coupled signal sent from the pill. The patient is 
required to report to a physicians office to initiate use of the 
camera pill, and to be fitted with the belt reader. The reader 
belt is worn for 24 hours, during which time the can era pill 
captures images and transmits the images to the reader belt. 
At the end of a diagnosis period, the belt reader is returned to 
the physician. The physician downloads images from the belt 
reader and analyzes the images. Thus, the camera pill requires 
at least two trips to the physicians office, as well the wearing 
of a cumbersome reader belt with leads attached to the skin. 
This diagnostic process is both inconvenient and uncomfort 
able. Furthermore, the current camera pill is an expensive 
device, and is resorted to when other bowel disease diagnostic 
techniques, such as endoscopy and colonoscopy, present 
results that need further investigation. Additionally, the cam 
era pill senses visible (white) light spectrum, which is not 
itself a direct indicator of a specific disease or chemical inbal 
ance. Therefore, the ingestible camera pill has significant 
deficiencies. 
0008 Thus, what is needed are diagnostic devices, ser 
vices and processes that are simple, convenient, relatively 
inexpensive, comfortable, take less time, directly detect spe 
cific compounds or indicators to disease, and have more 
applications. 

BRIEF SUMMARY OF THE INVENTION 

0009 Methods, systems, and apparatuses for ingestible 
sensor devices are described herein. The ingestible sensor 
devices may be Swallowed by an animal to diagnose one or 
more conditions of the animal. The ingestible sensor device 
may include a sensor configured to receive a stimulus inside 
the gastrointestinal tract of an animal, wherein the sensor is 
configured to output a signal having a characteristic propor 
tional to the received stimulus. The ingestible sensor device 
may further include a communications module that transmits 
an acoustic signal modulated with the sensor output signal 
and a housing configured to have a size that is Swallowable, 
wherein the housing Substantially encloses the sensor and 
communications module. The ingestible sensor devices may 
be used in any type of animal, including humans. In addition, 
these same sensor devices may be temporarily implanted into 
animals for the purpose of continuous monitoring, Such as 
with a several hour to several day diagnostic period at home 
or at a professional care center. A sensor link module may be 
located on the surface of the animal to receive the acoustic 
signal output by the sensor. 
0010. These and other objects, advantages and features 
will become readily apparent in view of the following 
detailed description of the invention. Note that the Summary 
and Abstract sections may set forth one or more, but not all 
exemplary embodiments of the present invention as contem 
plated by the inventor(s). 

BRIEF DESCRIPTION OF THE 
DRAWINGS/FIGURES 

0011. The accompanying drawings, which are incorpo 
rated herein and form a part of the specification, illustrate the 
present invention and, together with the description, further 
serve to explain the principles of the invention and to enable 
a person skilled in the pertinent art to make and use the 
invention. 
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0012 FIG. 1 illustrates a partial view of a human accord 
ing to an embodiment of the present invention. 
0013 FIG. 2 is a block diagram of an ingestible capsule 
according to an embodiment of the present invention. 
0014 FIG.3 illustrates a cross-sectional view of a human. 
0015 FIG. 4 is a block diagram of a communications 
network according to an embodiment of the present inven 
tion. 
0016 FIG. 5 is another block diagram of a communica 
tions network according to an embodiment of the present 
invention. 
0017 FIG. 6 is a block diagram of an ingestible capsule 
according to another embodiment of the present invention. 
0018 FIG. 7 is a block diagram of a power source accord 
ing to an embodiment of the present invention. 
0019 FIG. 8 is a block diagram of a power source accord 
ing to another embodiment of the present invention. 
0020 FIG. 9 is a block diagram of a communications 
module according to an embodiment of the present invention. 
0021 FIG. 10 is a block diagram of a communications 
module according to another embodiment of the present 
invention. 
0022 FIG. 11 is a block diagram of an ingestible capsule 
according to another embodiment of the present invention. 
0023 FIG. 12 is a circuit diagram of an acoustic commu 
nications module according to an embodiment of the present 
invention. 
0024 FIG. 13 is a block diagram of a control logic accord 
ing to an embodiment of the present invention. 
0025 FIG. 14 is a block diagram of an ingestible capsule 
according to another embodiment of the present invention. 
0026 FIG. 15 is a block diagram of a sensor according to 
an embodiment of the present invention. 
0027 FIG. 16 is a block diagram of a sensor according to 
another embodiment of the present invention. 
0028 FIG. 17 is a block diagram of a sensor according to 
another embodiment of the present invention. 
0029 FIG. 18 is a block diagram of a sensor according to 
another embodiment of the present invention. 
0030 FIG. 19 is a block diagram of a sensor according to 
another embodiment of the present invention. 
0031 FIG. 20 is a block diagram of an exemplary com 
munications network utilizing a sensor link module accord 
ing to an embodiment of the present invention, 
0032 FIG. 21 is a block diagram of an exemplary com 
munications network utilizing a sensor link module accord 
ing to another embodiment of the present invention. 
0033 FIG. 22 is a block diagram of a sensor link module 
according to an embodiment of the present invention. 
0034 FIG. 23 is a block diagram of an exemplary com 
munications network utilizing a sensor link module accord 
ing to another embodiment of the present invention. 
0035 FIG. 24 is a block diagram of a sensor link module 
according to another embodiment of the present invention. 
0036 FIG. 25 is a block diagram of an exemplary com 
munications network utilizing multiple sensor link modules 
according to an embodiment of the present invention. 
0037 FIG. 26 is a block diagram of an exemplary com 
munications network utilizing multiple ingestible capsules 
according to an embodiment of the present invention. 
0038 FIG. 27 illustrates a power source for an acoustic 
transmitter according to an embodiment of the present inven 
tion. 
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0039 FIG. 28 is a block diagram of an electrochemical 
sensor according to an embodiment of the present invention. 
0040 FIG. 29A is a block diagram of an enzyme sensor 
according to an embodiment of the present invention. 
0041 FIG. 29B is a diagram of an exemplary chemical 
reaction in an enzyme sensor according to an embodiment of 
the present invention. 
0042. The present invention will now be described with 
reference to the accompanying drawings. In the drawings, 
like reference numbers indicate identical or functionally 
similar elements. Additionally, the left-most digit(s) of a ref 
erence number identifies the drawing in which the reference 
number first appears. 

DETAILED DESCRIPTION OF THE INVENTION 

Introduction 

0043 Methods, systems, and apparatuses for ingestible 
sensors are described. Furthermore, methods, systems, and 
apparatuses for operating and communicating with the 
ingestible sensors are also described. The present specifica 
tion discloses one or more embodiments that incorporate the 
features of the invention. The disclosed embodiment(s) 
merely exemplify the invention. The scope of the invention is 
not limited to the disclosed embodiment(s). The invention is 
defined by the claims appended hereto. 
0044) References in the specification to “one embodi 
ment.” “an embodiment,” “an example embodiment, etc., 
indicate that the embodiment described may include a par 
ticular feature, structure, or characteristic, but every embodi 
ment may not necessarily include the particular feature, struc 
ture, or characteristic. Moreover, Such phrases are not 
necessarily referring to the same embodiment. Further, when 
a particular feature, structure, or characteristic is described in 
connection with an embodiment, it is submitted that it is 
within the knowledge of one skilled in the art to effect such 
feature, structure, or characteristic in connection with other 
embodiments whether or not explicitly described. 
0045. Furthermore, it should be understood that spatial 
descriptions (e.g., “above,” “below,” “up,” “left,” “right.” 
“down,” “top,” “bottom.” “vertical,” “horizontal,” etc.) used 
herein are for purposes of illustration only, and that practical 
implementations of the structures described herein can be 
spatially arranged in any orientation or manner. Likewise, 
particular bit values of “0” or “1” (and representative voltage 
values) are used in illustrative examples provided herein to 
represent data for purposes of illustration only. Data 
described herein can be represented by either bit value (and 
by alternative voltage values), and embodiments described 
herein can be configured to operate on either bit value (and 
any representative Voltage value), as would be understood by 
persons skilled in the relevant art(s). 

Example Embodiments 

0046. The example embodiments described herein are 
provided for illustrative purposes, and are not limiting. Fur 
ther structural and operational embodiments, including modi 
fications/alterations, will become apparent to persons skilled 
in the relevant art(s) from the teachings herein. 
0047 Methods, systems, and apparatuses for a ingestible 
sensor device are described. The ingestible sensor devices 
may be Swallowed by an animal to diagnose or aid in diag 
nosis of one or more conditions of the animal through either 
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an immediate detection or a historical and/or statistical analy 
sis of multiple detections of conditions or attributes over a 
time period. Example embodiments are described below as 
related to a human subject, for illustrative purposes. However, 
embodiments of the present invention are applicable to fur 
ther types of animals other than humans, including livestock 
(cattle, sheep, pigs, chickens, turkeys, ostriches, etc.), pets 
(e.g., dogs, cats, horses, etc.), and other animals of interest 
Such as racehorses or other performance/sport animals. Such 
applicability to these types of animals, and other types, will be 
apparent to persons skilled in the relevant art(s) from the 
teachings herein, and is within the scope and spirit of embodi 
ments of the present invention. 
0048. Furthermore, example embodiments are described 
below as related to passing aingestible sensor device through 
a gastrointestinal tract, for illustrative purposes. However, 
embodiments of the present invention are applicable to fur 
ther bodily systems other than the gastrointestinal tract, 
including the circulatory system, the urinary tract, the uterus, 
and other bodily systems and additionally other means of 
entry or implant into a body cavity of an animal or human. 
Such applicability to other types of bodily systems will be 
apparent to persons skilled in the relevant art(s) from the 
teachings herein, and is within the scope and spirit of embodi 
ments of the present invention. 
0049. For example, FIG. 1 shows apartial view of a human 
102 in example application environment 100, according to an 
embodiment of the present invention. In FIG. 1, human 102 
has swallowed or ingested a ingestible sensor device 104. 
Ingestible sensor device 104 is configured to be swallowable 
by human 102, and to sense one or more attributes or condi 
tions of human 102 as ingestible sensor device 104 passes 
through human 102. One or more sensors on ingestible sensor 
device 104 may be passive in that they do not require power, 
or they may be active and require power. One or more sensors 
on ingestible sensor device 104 may below data rate sensors 
or high data rate sensors. While passing through human 102. 
ingestible sensor device 104 transmits information in a com 
munication signal 106 to be received outside human 102. As 
shown in FIG. 1, an external computing device 108 may 
receive communication signal 106. Computing device 108 
may be used to display the information received in commu 
nication signal 106, to interact with the information, to pro 
cess the information, and/or to transmit the information (raw 
or processed) to another entity. 
0050. In a simplistic embodiment, computing device 108 
may simply act as a protocol converter in a store and forward 
manner. However, in a more complex environment, comput 
ing device 108 may perform complex and intensive functions 
Such as data normalization, compression, and encryption for 
example. 
0051. In another advanced embodiment, computing 
device 108 can interact with ingestible sensor device 104 to 
control functions of ingestible sensor device 104. This 
embodiment infers a bi-directional communication 106 with 
sensor device 104. Bi-directional communications are gener 
ally common place with persons skilled in the art. 
0052. However, these designs are typically designed to be 
able to receive signals either at times not transmitting, or at all 
times. These common techniques are not desirable in the 
described environment as receivers require power and addi 
tional power would consequently add to the size of sensor 
device 104. External computing device 108 receives and 
stores commands and/or information from a network. Upon 

Oct. 16, 2014 

termination of the next transmission from sensor device 104, 
sensor device 104 may turn on a receiver for a very short 
amount of time while external device 108 commences trans 
mission of commands or information to sensor device 104. 
Greatly reduced power requirements on sensor device 104 are 
gained from very rapidly turning off a receiver when no 
communications (or an indication of no information to com 
municate) are received from device 108 within a defined time 
window after a last transmission from sensor device 104. 
0053. In embodiments, human 102 may be provided with 
one or more types of ingestible sensor devices 104 that human 
102 may at designated times and/or periodically swallow to 
perform an analysis of one or more health related conditions 
of human 102. 
0054 FIG. 2 shows an example block diagram of ingest 
ible sensor device 104, according to an embodiment of the 
present invention. In FIG. 2, ingestible sensor device 104 
includes a housing 208 that encloses a sensor 202, a commu 
nications module 204, and a power source 206. Sensor 202 is 
used to sense (e.g. measure, detect, etc.) received stimulus 
210, and generate a sensor output signal 212. Sensor output 
signal 212 may be a digital or analog signal, depending on the 
particular implementation of sensor 202. Sensor 202 is fur 
ther described below. In alternative embodiments the housing 
208 may be comprised of sensor(s) 202, or the sensor(s) 202 
may be integrated within the materials known as housing 208. 
0055 Communications module 204 receives sensor out 
put signal 212, and generates communication signal 106 to 
include information based on sensor output signal 212. Com 
munication signal 106 is transmitted from ingestible sensor 
device 104. Communications module 204 is further described 
below. 
0056 Power source 206 provides power (e.g., via electri 
cal energy) to operate the components of ingestible sensor 
device 104 that require power. Such as communications mod 
ule 204. Thus, communications module 204 may be coupled 
to an output power signal from power Source 206. In some 
embodiments, sensor 202 requires power and thus is coupled 
to the output power signal from power source 206. In other 
embodiments does not require power and thus is not coupled 
to the output power signal from power source 206. In yet 
another embodiment, the power source may be a material, 
potentially a liquid, Surrounding communications module 
204. 

0057. In an embodiment, power source 206 includes a 
liquid or semi-liquid, such as is illustrated in FIG. 27. In this 
embodiment, communications signal 106 is a signal of acous 
tic nature, and power source 206 includes an electrolyte 2701 
in the form of an acoustically transmissive material Such as a 
liquid or semi-liquid. Electrolyte 2701 serves a first purpose 
of a battery component but also serves an efficient medium of 
acoustic transmission. Furthermore, as illustrated in FIG. 27, 
a material 2702 serves a dual purpose of housing battery 2701 
as well as other components, while allowing an efficient 
transfer of acoustic energy from inside to outside of ingestible 
capsule 104. FIG. 27 additionally demonstrates control and 
regulation component 206a, anode 206b, and cathode 206c. 
0.058 Communication signals 106 pass through electro 
lyte 2701 and external animal flesh environment 2703. In the 
case of an acoustic propagation, the most efficient energy 
transfer is accomplished when the acoustic material imped 
ance from material to material is gradually changed from 
origin to destination from high to low, or low to high imped 
ance as is common knowledge to those skilled in the art. 
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Communication signal 106then is demonstrated in FIG. 27 as 
a combination of signals 106a and 106b to illustrate the 
change in medium properties from electrolyte 2701 through 
housing material 2702 and into flesh 2703. As one example of 
many, electrolyte 2701 may be a citric juice or gel that is 
non-harmful to human consumption; anode 206b and cathode 
206C may include Zinc and copper, which is also not harmful 
to human consumption; and housing 2702 may be comprised 
of a thin but soft plastic of reasonable acoustic impedance to 
electrolyte 2701 and animal flesh 2703. However, other mate 
rial selections by those skilled in the art of battery technology 
and acoustic propagation for electrolyte 2701, housing 2702, 
anode 206b and cathode 206c do not depart from the spirit and 
Scope of this invention. 
0059 Housing 208 contains sensor 202, communications 
module 204, and power source 206, and is configured to be 
swallowable by or inserted within a human and/or animal. For 
example, housing 208 may be sized to be able to be swal 
lowed by human 102, to be able to pass through a gastrointes 
tinal tract of human 102, and to be naturally passed by human 
102. Housing 208 may be the size of a vitamin or other type 
of pill that is swallowable by humans. Housing 208 may be 
any Suitable shape, including oval, elliptical (as shown in 
FIG. 2), capsule shaped, or spherical. Furthermore, housing 
208 may be made from a variety of non-digestible or slow rate 
of digestion materials, including: a plastic material. Such as a 
resin, a resinoid, a polymer, a cellulose derivative, a casein 
material, and/or a protein; a metal, including a combination of 
metals/alloy; a glass material; a ceramic; a composite mate 
rial; and/or other material/combination of materials. In a par 
ticular embodiment, housing 208 may be comprised of a 
material that aids in the sensing of biological, chemical, or 
other attributes of body material that touches or comes in 
close proximity to the housing 208, such as could be called an 
integrated housing and sensor material. 
0060 For example, FIG.3 shows a cross-sectional view of 
human 102, showing basic details/organs of a gastrointestinal 
tract300 of human 102. Gastrointestinal tract300 includes an 
upper gastrointestinal tract 300a and a lower gastrointestinal 
tract300b. Upper gastrointestinal tract 300a includes a mouth 
302, a pharynx 304, an esophagus 306 and a stomach 308. 
Lower gastrointestinal tract 300b includes a small intestine 
310 and a large intestine 312. 
0061 Each portion of the gastrointestinal tract 300 
includes features known to persons skilled in the relevant 
art(s). For example, mouth 302 includes features not specifi 
cally shown in FIG. 3. Such as a buccal cavity, Salivary glands, 
mucosa, teeth and a tongue. Small intestine 310 includes 
features not specifically shown in FIG. 3, including the 
duodenum, jejunum, and ileum. Large intestine 312 includes 
a caecum, a colon 314, a rectum 316, and an anus 318. 
0062 Ingestible sensor device 104 may be swallowed by 
human 102 at mouth 302. Ingestible sensor device 104 passes 
through mouth 302 past pharynx 304, through esophagus 
306, stomach 308, Small intestine 310, and large intestine 
312. In an average human, gastrointestinal tract 300 is 
approximately 27 feet. Ingestible sensor device 104 eventu 
ally passes from human 102 at anus 318 such as when human 
102 has a bowel movement to excrete waste. In an embodi 
ment, ingestible sensor device 104 is disposable. In another 
embodiment, ingestible sensor device 104 may be recovered, 
(and recycled) for reuse. 
0063. Depending upon the ability or control of the patient, 
ingestible sensor device 104 may alternatively be inserted 
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into the lower gastrointestinal tract 300b, also known as a 
Suppository device. Suppository use may be utilized in cases 
where monitoring is desired, but ingestion is not possible. 
Unconscious, elderly, and newborn babies are examples of 
human Suppository use. Animal Suppository use may be more 
convenient when there is a risk of injury in administering an 
ingestible device; or when an ingested device has a high 
likelihood of being damaged or destroyed in the process of 
ingestion. 
0064 Depending on the configuration of sensor 202, 
while passing through gastrointestinal tract 300, ingestible 
sensor device 104 can sense conditions and/or features of any 
of mouth 302, pharynx 304, esophagus 306, stomach 308, 
small intestine 310, large intestine 312, any of the subcom 
ponents of these organs, and any of the materials/fluids con 
tained within and/or secreted by these organs. For example, 
with regard to mouth.302, ingestible sensor device 104 can be 
configured to sense attributes of saliva. With regard to stom 
ach 308, ingestible sensor device 104 can be configured to 
sense attributes of the digestive juices residing therein. One of 
many examples would comprise a configuration of sensor 202 
that senses the existence and concentration of specific diges 
tive enzymes and/or bacteria, useful for diagnosis of digestive 
disorders or abnormalities. 

0065. In addition to these organs directly associated with 
gastrointestinal tract300, ingestible sensor device 104 can be 
configured to sense features and/or conditions of organs indi 
rectly associated with gastro intestinal tract 300, such as the 
liver, the gallbladder, and the pancreas (not shown in FIG. 3). 
For example, the liver secretes bile into small intestine 310 
via the biliary system. The gallbladder acts as a reservoir for 
excess bile. The pancreas secretes an isosmotic fluid contain 
ing bicarbonate and several enzymes, including trypsin, chy 
motrypsin, lipase, and pancreatic amylase, as well as nucle 
olytic enzymes (deoxyribonuclease and ribonuclease), into 
small intestine 310. Both these secretory organs (the liver and 
pancreas) aid in digestion. Sensors 202 of ingestible sensor 
device 104 can be configured to sense the presence of one or 
more of these chemicals secreted by the liver and pancreas to 
diagnose a condition of the liver, gallbladder, and pancreas. 
0.066 Furthermore, body materials can also carry or relay 
conditions or signals from even more remote body organs to 
the sensor device such as is the case with acoustic pickup of 
heartbeat and/or breathing; and more indirect conditions such 
as temperature as may be detected utilizing distant material or 
scanning heat detection devices extending temperature detec 
tion past the materials only in contact with ingestible sensor 
device 104. An example use of scanning heat detection infor 
mation is the ability to determine very localized high levels of 
thermal activity in gastrointestinal tract 300. High levels of 
thermal activity may indicate infection, allergic reaction, 
rapid cellular growth common with cancer formation, and 
potentially other abnormalities of interest to the medical pro 
fession. Additionally, Scanning heat detection allows evalua 
tion of differences in temperature of tissue in general, which 
can be used to normalize data and thereby greatly reduce the 
effect of a normal daily increase and decrease in an animals 
core temperature. 
0067. As described above, while passing through human 
102, ingestible sensor device 104 transmits information in 
communication signal 106 to be received outside human 102, 
such as by computing device 108. Furthermore, in an embodi 
ment, computing device 108 may be configured to commu 
nicate with a remote entity 404. Such as shown in an example 
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sensor communications network 400 shown in FIG. 4. For 
example, computing device 108 may be configured to com 
municate with remote entity 404 using wired and/or wireless 
links, in a direct fashion or through a network 402. FIG. 4 
shows an example embodiment, where computing device 108 
transmits a communication signal 406 to network 402, which 
transmits a communication signal 408 to remote entity 404. 
Network 4.02 may be any network type or combination of 
networks, such as a telephone network (such as a land line 
and/or cellular network), a personal area network (PAN), a 
local area network (LAN), and/or a wide area network (WAN) 
Such as the Internet. First and second communication signals 
406 and 408 may be transmitted through wired and/or wire 
less links. 

0068 Remote entity 404 may be one or more of a variety 
of entities including a human and/or computer-based entity. 
For example, remote entity 404 may include a doctor who 
receives information collected by ingestible sensor device 
104 (and optionally processed by computer device 108) in 
communication signal 408. The doctor may analyze the infor 
mation to examine human 102, to diagnose a condition of 
human 102, including as part of performing a routine physical 
exam, and/or actually diagnosing an adverse condition (e.g., 
disease, illness, deficiency, etc.) of human 102. In addition or 
alternatively, remote entity 404 may include a computer sys 
tem that is configured to analyze the information received in 
communication signal 408 to diagnose a condition of human 
102. In an embodiment, the information is received in com 
munication signal 408 in a format in which the computer 
system of remote entity 404 can performan automated analy 
sis of the information to diagnose a condition of human 102. 
In an embodiment, both the doctor and computer system 
perform their respective analysis, to provide an increased 
quality of the examination of human 102, and a resulting 
increase in a probability detecting health problems and/or 
maintaining a health of human 102 at a high level. 
0069 Network 402 may have multiple remote entities 404 
performing a variety of potentially dependent functions on 
data retrieved and stored within network 402. For example, 
raw data collected by devices 104 and 108 may be stored 
within network 402. Remote entity/process 404(a) may nor 
malize data, and restore this onto network 402. Remote entity/ 
process 404(b) may interpret and annotate data and store 
analysis on network 402. Remote entity/process 404(c) may 
perform diagnosis of data stored on network 402. Remote 
entity/process 404(d) may perform industry billing methods 
based upon data stored on network 402. Other additions of 
entities and/or processes 404 known to one of skill in the art 
may be used without departing from the spirit and scope of the 
present invention. 
0070 Furthermore as shown in FIG. 5, sensor communi 
cations network 400 may include a return communications 
path from remote entity 404 through network 402 to comput 
ing device 108. For example, FIG. 5 shows a return commu 
nication signal 502 transmitted by remote entity 404 to net 
work 402, which transmits a return communication signal 
504 to computing device 108. In this manner, remote entity 
404 (e.g., doctor and/or computer system) can provide feed 
back to computing device 108 in communication signal 504 
regarding the analysis of human 102 performed by ingestible 
sensor device 104. Return communication signal 504 may 
include any type of data/information format for providing the 
feedback, including an email, a text message, a text file, a 
document formatted for commercially available word pro 
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cessing software, a proprietary document/data format, audi 
tory alarms, digitized audio Such as mp3 clips and ring tones, 
alerts and messages, etc. In an embodiment, a network con 
veying signals from external computing device 108 to entity 
404 via paths 406 and 408 may be a different network that the 
network located in the return path (paths 502 and 504) from 
entity 404 to external computing device 108. An example of 
this includes a cellular data connection for communications 
from external computing device 108 to remote entity 404, 
whereas a voice network call may be returned from remote 
entity 404 to external computing device 108. In a more com 
plex network application environment, external device 108 
may send information into network 402, and having multiple 
remote entities 404 interconnected is network 402, an first 
remote entity may forward new information to a second 
remote entity, thereby prompting the second remote entity to 
return a signal. Such as signal 502, through network 402 to 
external computing device 108. An example of Such a com 
plex network structure is an external computing device 108 
directly sending information to an interpretation service (a 
first remote entity), which sends results to a doctors office (a 
second remote entity) via network 402. Subsequently, the 
doctors office performs a final diagnosis and returns message 
502 to external computing device 108. One of skill in the art 
will recognize that other such complex network Schemes may 
be used without departing from the spirit and scope of the 
present invention. 
(0071. The provided feedback 502 and 504 may include 
information to be displayed on computing device 108 for 
viewing by human 102 (and/or other person such as family 
member of human 102, local caregiver, etc.). The feedback 
may include a prescription for medication for human 102, and 
instructions for taking the medication. Such feedback may be 
also provided to a pharmacist in order to fill a prescription for 
human 102, without a need for human 102 to provide the 
prescription to the pharmacist. Computing device 108 may 
enable human 102 to authorize the prescription to be filled by 
the pharmacist, by interacting with an interface of computing 
device 108, Such as a keyboard-based, a computer mouse, 
touch pad, joystick, Voice activated, graphical user interface 
(GUI), etc., to provide the authorization. In other applica 
tions, provided feedback may include indication of action 
required at a specific time, such as an indication to administer 
medicine, a need to ingest another Swallowable sensor, an 
immediate health warning Such as to lower elevated core body 
temperatures, or a very useful indication of ideal conditions 
for a couple to conceive. 
0072 The provided feedback may include an appointment 
for human 102 to see a doctor (such as the doctor of remote 
entity 404). The feedback may include health information, 
including an activity that human 102 may perform to improve 
their health and/or to further diagnose their condition. For 
example, the feedback may include exercise and/or diet 
instructions. The feedback may include information on taking 
one or more furtheringestible sensor devices 104 as a follow 
up analysis to the prior taken ingestible sensor device(s) 104. 
including re-performing a similar analysis with a ingestible 
sensor device 104 having a same type sensor 202 and/or 
performing a different analysis with a ingestible sensor 
device 104 having a different ingestible sensor device 104. 
The feedback may include software downloads for comput 
ing device 108 and/or ingestible sensor device 104 to 
improve/change a function of computing device 108 and/or 
ingestible sensor device 104. 
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0073. Further examples of computing device 108 are 
described further below. 

0074. In embodiments, ingestible sensor device 104 can 
be configured in a variety of ways. For instance, FIG. 6 shows 
an example embodiment of ingestible sensor device 104. As 
shown in FIG. 6, ingestible sensor device 104 includes hous 
ing 208 that encloses a plurality of sensors 202a-202c, com 
munications module 204, and power source 206, a radiating 
element 602, and a control logic 604. 
0075 Ingestible sensor device 104 can include any num 
ber of one or more sensors 202, including two sensors, or 
three sensors 202a-202c as shown in FIG. 6. In the example of 
FIG. 6, each of sensors 202a-202c receives a corresponding 
one of stimuli 210a-210c, and generates a corresponding 
sensor output signal 212a-212c, which are received by com 
munications module 204. In embodiments, ingestible sensor 
device 104 can include numbers of sensors 202 in the tens or 
even hundreds of sensors 202. Each sensor 202 can be con 
figured to sense a different condition. Alternatively, one or 
more of sensors 202 can be configured to sense the same 
condition, at the same time for redundancy purposes or at 
timed release intervals responsive to stimuli 210, to sense rare 
conditions/chemicals, as a failsafe measure, and/or for further 
purposes. Thus, in an embodiment where multiple sensors 
202 are present that are configured to sense multiple condi 
tions, ingestible sensor device 104 can perform as a general 
purpose diagnostic device. Alternatively, ingestible sensor 
device 104 may include one or just a few types of sensors 202 
to perform as a special purpose diagnostic device, Such as to 
diagnose a specific condition. 
0076. In a further embodiment, to extend the overall 
operational time of sensor device 104 for a much longer 
period than the operational time of an individual sensor 202, 
timed release coatings protecting sensors 202 from stimuli 
210 and other materials such as stomach acid, for example, 
will ensure that at any one time at least one of sensors 202 are 
fully operational and exposed to stimuli 210. An example of 
a short life sensor is a biological enzyme based sensor 202, 
which includes an applied enzyme Substance over an electri 
cal surface. Such a sensor would typically be destroyed in 
stomach acid, making the sensor non-functional upon entry 
into the small bowels. Without a timed release configuration 
or coating, the whole of sensor device 104 would be rendered 
useless for the continued sensing of stimuli 210, for example 
a blood detector 202, as device 104 continues through the 
majority of digestive system 300b. Furthermore, control logic 
604 may sense which of sensors 202 have valid operational 
ranges on signals 212 and either only allow communications 
module access to a valid operational range of sensor 202, or 
potentially discontinue use by communications module 204 
of an out of range signal 212 and/or discontinue power Sup 
plied by source 206 to an out of range sensor 202. 
0077. Power source 206 may be configured in different 
ways to provide power to the various elements of ingestible 
sensor device 104 that require power. For example, as shown 
in FIG. 7, power source 206 may include a battery 702. 
Battery 702 is a small battery type that can be contained in 
housing 208. For example, battery 702 may include a lithium 
based cell (e.g., a lithium-thionyl chloride cell, a lithium 
manganese dioxide cell, lithium-silver combinations, etc.), 
alkali-cell, a zinc-air cell, a mercury cell (although these may 
be undesirable due to safety concerns), a silver-oxide cell, 
nickel-based cells (e.g., nickel-cadmium), etc. Alternatively, 
battery 702 may be comprised of biologically safe materials, 
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Such as citric juices or semi-solids, whereas juices have the 
ability to convey acoustic signals simultaneously with chemi 
cal reaction providing electrical energy. In some embodi 
ments, where ingestible sensor device 104 passes through the 
gastrointestinal tract, Such as in approximately 24 hours, the 
energy capacity of battery 702 can be relatively low as com 
pared to other battery-powered devices. 
0078. In another embodiment, as shown in FIG. 8, power 
source 206 may include an energy harvesting module 802. 
Energy harvesting module 802 harvests, and optionally 
stores, energy from the environment to provide power. For 
example, energy harvesting module 802 may be configured as 
one or more of a variety of types of energy harvesting devices, 
including a vibratory energy harvesting device, a magnetic 
energy harvesting device, a heat energy harvesting device, a 
chemical energy harvesting device, or a mechanical energy 
harvesting device. For example, in a vibratory energy harvest 
ing embodiment, energy harvesting module 802 may harvest 
energy due to vibrations of the body of human 102. In an 
example magnetic energy harvesting embodiment, energy 
harvesting module 802 may include a magnet-coil combina 
tion for energy generation. In an example heat energy har 
vesting device, energy harvesting module 802 may generate 
energy from heat of the body of human 102, possibly with 
reference to an imbedded, insulated Source of cold (Such as 
liquid nitrogen). 
0079. In a chemical energy harvesting embodiment, 
energy harvesting module 802 interacts with chemicals of 
gastrointestinal tract 300 of human 102 to generate energy. 
For example, energy harvesting module 802 may be config 
ured to interact with acids in gastrointestinal tract 300 (e.g., 
gastric acids) to create a current that can be used/stored as 
energy. For instance, in an embodiment, human 102 may 
ingest an acidic food (Solid or liquid). Such as a juice contain 
ing citric acid (e.g., lemon juice), prior to or at about the same 
time that a ingestible sensor device 104 is swallowed, to 
provide an energy source for the ingestible sensor device 104 
to harvest. 
0080 Energy harvesting module 802 may be configured to 
store harvested energy in a variety of ways, and may be 
configured to create a desired Voltage from the stored energy 
in a variety of ways, including in a charge pump configuration 
(e.g., capacitor-based), using a Voltage regulator, etc. 
I0081. In an embodiment, ingestible sensor device 104 is 
configured for low power operation, including extreme low 
power (XLP) operation, enable one or both of a very small 
battery and energy harvesting to operate ingestible sensor 
device 104. In an embodiment, circuits of ingestible sensor 
device 104 are implemented in one or more integrated circuits 
(ICs), in a technology such as CMOS, or other technology. 
The IC(s) and any other internal components of ingestible 
sensor device 104 may be mounted to a circuit board, or 
mounted directly to housing 208. Thus, in embodiments, 
power source 206 is configured for low power output, includ 
ing Supplying power in the milli-Watt and micro-Watt ranges. 
Such low power requirements enable a small power source 
206. 

I0082 In a CMOS embodiment, MOSFET circuits may be 
configured to operate in a deep Sub-threshold Voltage (Sub 
Vt) mode, which lowers their switching time to acoustic 
Switching frequencies, and lowers their power consumption 
by orders of magnitude. In such a mode the MOSFET devices 
operate as analog devices. Such operation was demonstrated 
in the mid-1980s by Carver Meade with regard to eye and ear 
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chips. Such a mode of operation eliminates the need for 
digitizing the sensor information, which can be very power 
intensive, and which further reduces the power consumption 
by a large factor. Further details on such sub-threshold volt 
age MOSFET circuits may be found in the following U.S. 
patents, which are incorporated herein by reference in their 
entirety: U.S. Pat. Nos. 6,198.324, 6,252,448, 6.297,668, and 
6,333,656. 
0083 Communications module 204 may be configured in 
various ways to communicate with computing device 108, 
including transmitting signals (e.g., communication signal 
106) to computing device 108 and/or receiving signals from 
computing device 108. For example, in an embodiment as 
shown in FIG. 9, communications module 204 includes a 
radio frequency (RF) communications module 902, which 
includes a RF transmitter circuit. In an embodiment, the 
transmitter circuit may generate communication signal 106 to 
include information modulated on a carrier signal having a 
radio frequency. The transmitter circuit may be mixer based, 
switch/transistor based, or include other type of up-converter 
and/or modulator circuit. RF communications module 902 
may modulate sensor output signal 202 onto the RF carrier 
signal to generate communication signal 106. Communica 
tion signal 106 may be radiated from radiating element 602 
coupled to communications module 204, which may be a 
Suitable type of antenna mountable in or on ingestible sensor 
device 104, including forming all or a portion of housing 208 
itself. 

0084. In an embodiment, RF communications module 902 
may further include a receiver circuit for receiving a commu 
nication signal from computing device 108. Thus, for 
example, RF communications module 902 may include a 
down-converter and/or demodulator circuit. In Such an 
embodiment, RF communications module 902 may include 
any suitable type of RF communications receiver device, 
including a heterodyne (e.g., Superheterodyne) receiver cir 
cuit, and may include a mixer circuit, Such as a diode-based 
mixer, a Switch/transistor based mixer, etc. Radiating element 
602 may receive the communication signal from computing 
device 108, and pass the received communication signal to 
RF communications module 902 for demodulation/down 
conversion. Other electromagnetic embodiments, such as 
optical communication, may also be used. 
0085. However, RF communication is disadvantageous 
because of high power usage, which requires a large battery. 
Inclusion of a large battery in an ingestible device Such as 
ingestible sensor device 104 increases the size of ingestible 
sensor device 104, making it difficult to swallow and increas 
ing the danger that it will become trapped in the digestive 
tract. Therefore, a lower-power solution is needed. As shown 
in FIG. 10, an example low-power communications module 
204 may include an acoustic communications module 1002, 
configured to transmit and/or receive a communications sig 
nal in an acoustic manner. For example, acoustic communi 
cations module 1002 may include an acoustic transducer or 
multiple acoustic transducers. Sensor output signal 210 is 
modulated on an acoustic signal that is transmitted as com 
munications signal 106 by the acoustic transducer(s). The 
acoustic communications signal 106 may be transmitted by 
radiating element 106, which may be an acoustic transducer 
or 'speaker'-type element that vibrates at acoustic frequen 
cies. An example acoustic frequency range in which acoustic 
communication signal 106 may be transmitted is 20 Hz to 16 
KHZ, although the frequency may be an acoustic frequency 
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higher or lower than this range in some applications. An 
example frequency for acoustic communications signal 106 
is 40 Hz. Acoustic pressures according to embodiments may 
have various levels, including greater or lower than 1 Pa, 
including in the KPa (or greater) range to the uPa (or less) 
range. 

I0086 For example, FIG. 11 shows a view of ingestible 
sensor device 104, with communications module 204 includ 
ing acoustic communications module 1002. In FIG. 11, com 
munications module 204 is coupled to housing 208. Housing 
208 vibrates according to acoustic communications module 
1002 to transmit a communications signal 1102, which is an 
acoustic version of communications signal 106. Thus, in FIG. 
11, housing 208 functions as an acoustic radiating element, 
vibrating at acoustic frequencies according to acoustic com 
munications module 1002. 

0087. In a likewise fashion, communications module 204 
may include an ultrasonic communications module 1002, 
configured to transmit and/or receive a communications sig 
nal at ultrasonic frequencies (e.g., greater than 20 KHZ). 
Generally, transducers are Smaller for ultrasonic frequencies, 
which is useful for a very small sensor device. However, 
Smaller devices also generally transmit less power through a 
medium and thus need to have a high power input and hence 
a larger battery. Higher frequency transducers do generally 
have a higher bandwidth and may have an impact on the 
amount of sensor data can be transmitted to a receiver. How 
ever, higher frequencies are attenuated faster as the signal 
propagates through the acoustic medium, and requires a 
higher transmit power to compensate. A person skilled in the 
art of acoustic transducers will be able to select an appropriate 
frequency range for an ideal situation of size and power 
consumption. 
I0088 As shown in FIG. 11, housing 208 may be spherical 
in shape. Alternatively, housing 208 may be capsule shaped, 
or may have some other shape. A spherical shape for housing 
208 enables transmission of acoustic communication signal 
1102 in a substantially uniform manner in all directions. 
When multiple receiving sensor links 2002 and/or computing 
devices 108 are used, it is likely that each sensor link 2002 
and/or computing device 108 will appear in a different orien 
tation with respect to ingestible sensor device 104. A uniform 
transmission is desired to reduce the effects substantially less 
power being radiated in a particular direction. In an alterna 
tive embodiment to the spherical embodiment, multiple trans 
ducers activated in a non-overlapping time sequence may 
provide an equivalent power scenario available to sensor link 
modules 2002 and/or computing devices 108 over multiple 
attempts with different orientations of more directional trans 
ducers, such as with peak transmission orientations at right 
angles to each other. 
I0089 FIG. 12 shows an example circuit 1200 for acoustic 
communications module 1002, according to an embodiment 
of the present invention. As shown in FIG. 12, circuit 1200 
includes an oscillator 1202, an amplifier 1204, and an acous 
tic transmitter 1206. In the example of FIG. 12, sensor 202 has 
a resistance (or other impedance value) that changes based on 
the sensed stimulus, stimulus 210. For example, sensor 202 
may be a temperature sensor. Sensor 202 is coupled in series 
with a current-dependent oscillator 1202, which may be con 
figured to operate in a deep-threshold Voltage (Vt) range to 
lower an oscillation frequency generated by oscillator 1202 to 
a desired acoustic frequency range. As the resistance of sen 
Sor 202 changes, the oscillator frequency changes in a pre 
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dictable way. An output of oscillator 1202 is coupled to an 
input of an amplifier circuit 1204 for amplification. An output 
of amplifier 1204 is input to acoustic transmitter 1206 (which 
may include or be coupled to an acoustic radiating element 
602), Such as an acoustic actuator or transducer, that acts as a 
'speaker” to send the acoustic data out on acoustic commu 
nication signal 1102. For example, as described above with 
respect to FIG. 11, housing 208 may be coupled to the output 
of acoustic transmitter 1206 to increase an acoustic transmis 
sion Surface area. In an embodiment, sensor 202 is digitized, 
and acoustic communication signal 1102 output by acoustic 
transmitter 1206 is a digital signal. Use of a digital signal can 
increase robustness against error in the communications path. 
0090. In an embodiment of FIG. 12, multiple sensors 202 
may be used to significantly enhance the function of sensor 
device 104. Multiple temperature sensors 202 offer robust 
ness in redundant operation, mitigating a loss or malfunction 
of one sensor. Additionally, multiple operational sensors 202 
offer a potential to evaluate differentials between sensors 202. 
Use of normalized sensor readings from differences between 
multiple sensors 202 can be used, for example, to remove a 
background daily core body temperature fluctuation from 
impacting localized hot spot evaluation. 
0091. In a simplistic embodiment, multiple sensors 202 
can be configured to be connected serially in time (that is, 
time division multiplexed) to oscillator 1202, amplifier 1204, 
and transmitter 1206. In a more mechanically complex imple 
mentation, a single sensor 202 can be mechanically manipu 
lated or directed to observe an entire environment Surround 
ing sensor device 104. 
0092 An example of a simple implementation of a mul 

tiple sensor 202 temperature device 104 includes two or more 
thermister-equivalent devices on opposing sides or (in the 
case of more than two) reasonably equally divided radians on 
the exterior of ingestible sensor device 104. In this example, 
ingestible sensor device 104 is able to collect a more localized 
temperature reading. A higher temperature reading on a small 
subset of sensors 202 likely indicates a higher localized cel 
lular activity, such as in the case of an infection, an allergic 
reaction to a substance, or developing cancer material. Fur 
thermore, an example of a mechanically advanced embodi 
ment includes a highly directional temperature sensor 202, 
such as an infrared (IR) detection device, and either a 
mechanical means to revolve the IR detection device or a 
mechanical means to revolve the detection range, such as a 
spinning mirror. In Such an advanced embodiment, sensor 
202 (an IR detector, for example) may continuously modulate 
its output. This causes a continuous modulation of oscillator 
1202 at a given frequency, and a continuous modulation of 
transmission 1102 can occur. In this embodiment, an analog 
transmission 1102 may provide a detailed scan of thermal 
activity along an entire gastrointestinal tract 300. 
0093 Communications module 204 may be configured to 
modulate information of sensor output signal 212 according 
to a variety of modulation techniques, including amplitude 
modulation (AM), frequency modulation (FM), and phase 
modulation (PM), and including any combination of these 
modulation techniques, including in quadrature modulation 
schemes or any other modulation techniques. Example modu 
lation techniques that may be used are described in the fol 
lowing co-pending U.S. patent applications, each of which is 
incorporated by reference herein in its entirety: U.S. patent 
application No. (to be assigned), Atty. Docket No. 2520. 
0130000, titled “System and Method for Acoustic Data 
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Transmission;' and U.S. patent application No. (to be 
assigned), Atty. Docket No. 2520.0160000, titled “Methods 
and Systems for Acoustic Data Transmission;' and U.S. 
patent application No. (to be assigned), Atty. Docket No. 
2520.01 10001, titled “System and Method for Acoustic 
Information Exchange Involving an Ingestible Low Power 
Capsule.” 
0094. In an embodiment, ingestible sensor device 104 
stores an identification number, which may be unique for each 
ingestible sensor device 104. The identification number may 
be unique worldwide or merely in aparticular locality, or even 
just in a particular batch of ingestible sensor devices 104. The 
identification number may be a sequence of bits, such as 8 
bits, 16 bits, 32bits, etc. The identification number or a subset 
thereof may be used to identify the product type of ingestible 
sensor device 104 and/or the type(s) of sensor 202 or available 
functions on the particular ingestible sensor device 104. Fur 
thermore, the identification number can be used to track 
whether human 102 has actually swallowed ingestible sensor 
device 104, whether the correct ingestible sensor device 104 
was Swallowed, and can thus help monitor whether human 
102 is following a proper procedure for using ingestible sen 
sor device(s) 104. Such information can be displayed on 
computing device 108, and may be provided to remote entity 
404. 
0.095 For example, in an embodiment, FM may be used to 
send the output information sensor 202 from ingestible sensor 
device 104, in a variety of schemes. For instance, an example 
FM protocol that can handle multiple sensors 202a-202c is 
described below: 

0.096 F, a drone frequency, 
0097. Foa frequency for bit Zero, 
0.098 F=a frequency for bit 1, 
0099 F, a data frequency, where i=a, b, c, etc for sen 
sors 202a-202c, respectively, and 

01.00 F a frequency sequence of Zero bits (F) and 
one bits (F) for the identification number of the particu 
lar ingestible sensor device 104. 

0101 The drone frequency F, is used to provide a 
detectable separation between frequencies Fa, Fb, and Fc 
related to data of sensors 202a-202c. The presence of drone 
frequency F may not be required in all implementations. 
Frequencies Fa, Fb, and Fc have frequency ranges that are 
non-overlapping so that communications related to sensors 
202a-202c can be distinguished from each other. In an 
embodiment, after a ingestible sensor device 104 is swal 
lowed, the Swallowed ingestible sensor device 104 is config 
ured to serially send out the following frequency sequence: 
01.02 FDrone Fird FDrone F. FDrone F. FDrone F. FDrone Frid 
FDrone 
0103 Thus, in a first time slot (F), ingestible sensor 
device 104 transmits the drone frequency F. In a second 
time slot (F), ingestible sensor device 104 transmits the 
identification number for the particular ingestible sensor 
device 104 as a series of 0 and 1 bits, respectively represented 
by frequencies Fo and F. In a third time slot (F), ingest 
ible sensor device 104 transmits the drone frequency F. 
In a fourth time slot (F), ingestible sensor device 104 trans 
mits information related to sensor 202a. The information is 
transmitted at a central frequency of F, that varies in fre 
quency in a manner according to information of sensor output 
signal 212a. Thus, information of sensor 202a is transmitted 
in the fourth time slot. In a fifth time slot (F), ingestible 
sensor device 104 transmits the drone frequency F In a fore 
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sixth time slot (F), ingestible sensor device 104 transmits 
information related to sensor 202b. The information is trans 
mitted at a central frequency of F, that varies in frequency in 
a manner according to information of sensor output signal 
212b. Thus, information of sensor 202b is transmitted in the 
sixth time slot. In a seventh time slot (F), ingestible 
sensor device 104 transmits the drone frequency F. In an 
eighth time slot (F), ingestible sensor device 104 transmits 
information related to sensor 202c. The information is trans 
mitted at a central frequency of F that varies in frequency in 
a manner according to information of sensor output signal 
212c. Thus, information of sensor 202c is transmitted in the 
eighth timeslot. In a ninth time slot (F), ingestible sensor 
device 104 transmits the drone frequency F. In a tenth 
time slot (F), ingestible sensor device 104 transmits the 
identification number for the particular ingestible sensor 
device 104. In a third time slot (F), ingestible sensor 
device 104 transmits the drone frequency F. In subse 
quent time slots, information related to sensors 202a-202c 
can be further transmitted at frequencies F-F, and the iden 
tification number F can be further transmitted, separated 
by the drone frequency F, as desired. 
0104 Computing device 108 may receive this frequency 
sequence, and due to the ordering of frequency signals, and 
the different frequencies used, can store the received infor 
mation of sensors 202a-202c in an organized manner. 
0105. In alternative embodiments, utilization of phase 
encoding of data in place of the previously detailed frequency 
encoding may be more beneficial to either overall frequency 
use and/or time necessary to transmit desired information. 
Furthermore, a combination of phase encoding and frequency 
encoding is realized as a very efficient means for information 
transmission and a desired embodiment of the present inven 
tion. 

0106. In such embodiments, information from any num 
ber of sensors 202 can be accommodated. In some embodi 
ments, the drone frequency F, may not be necessary. Further 
more, in Some embodiments, the identification number 
sequence, F may not be necessary (e.g., if identical ingest 
ible sensor devices 104 are individually used by human 102). 
Any length for of identification number may be used. 
0107. A time interval, T. may be used for each of the time 
slots described above. The time interval T may be bounded 
by a minimum time interval for T, T, and a maximum 
time interval for T.T. The minimum time interval, T. 
may be determined by noise issues. The maximum time inter 
val, T, may be determined by power consumption issues 
(such as a charge lifespan of battery 702) of ingestible sensor 
device 104. Furthermore, a duty cycle, T, may be used for the 
time slots described above. The duty cycle, T, may be 
bounded by a minimum duty cycle length, T, and a maxi 
mum duty cycle length, T. The minimum duty cycle, 
T. may be determined by requirements of the particular 
diagnostic test(s) to be performed by ingestible sensor device 
104, and the maximum duty cycle, T, may be determined 
by power consumption issues (such as a charge lifespan of 
battery 702) of ingestible sensor device 104. 
0108 Control logic 604 shown in FIG. 6, when present, 
may be configured in a variety of ways. Control logic 604 can 
be configured to enable or disable operation of sensor 202 
and/or communications module 204 at various times during 
the transit of ingestible sensor device 104 through gas 
trointestinal tract 300. This may be done to save power for 
ingestible sensor device 104, for example. Control logic 604 
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may enable or disable operation of elements of ingestible 
sensor device 104 based on time and/or location of ingestible 
sensor device 104. For example, FIG. 13 shows control logic 
604 including a timing module 1302. Timing module 1302 
may be used to enable and disable sensor 202 and/or commu 
nication module 204 in a periodic manner or at predetermined 
time intervals, to transmit sensor data at set periodic time 
intervals as ingestible sensor device 104 transits through gas 
trointestinal tract300. For example, timing module 1302 may 
be configured to gate power from power source 206 to sensor 
202 and/or communications module 204, or to gate them in 
other manners to enable or inhibit their operation as desired. 
Alternatively, control logic 604 may receive data from sensor 
(s) 202 to determine a relative location of ingestible sensor 
device 104 in gastrointestinal tract 300. Based on the deter 
mined location, control logic 604 may enable or disable 
operation of ingestible sensor device 104. 
0109 Operation of ingestible sensor device 104 may be 
gated and controlled by control logic 604, which itselfmay be 
operating in a Sub-threshold Voltage (Vt) manner (e.g., to save 
power), or control logic 604 may operate in normal bias 
modes. In an embodiment, ingestible sensor device 104 is an 
autonomous device with one way communication (transmis 
sion capability), so that control logic 604 may be extremely 
simple, and thus would not consume much power even when 
operating in normal bias modes. However, in other embodi 
ments, ingestible sensor device 104 may communicate in 
both directions, and may be configured to receive instructions 
from computing device 108, and thus control logic 604 may 
have additional complexity in order to decode and implement 
received instructions, and for other reasons. 
0110 Ingestible sensor device 104 can be configured in a 
variety of ways to enable sensor 202 to receive stimulus 210. 
For example, as shown in FIG. 14, housing 208 of ingestible 
sensor device 104 may have one or more ports 1402 for 
receiving a material (e.g., bodily chemical, including a bodily 
fluid, tissue, etc.) of gastrointestinal tract 300, to be received 
and sensed by sensor 202. Port 1402 may have a round or 
other shaped opening 1404 at a surface of housing 208. Port 
1402 may be open or may have a filter material residing 
therein. Sensor elements, for example electrochemical elec 
trodes with or without bio-recognition elements such as 
enzymes, may be patterned directly on the Surface of the 
Swallowable sensor device. A polymer coating may protect 
the sensor element, may provide added functionality (e.g., by 
increasing the conductivity between electrode and a bio-rec 
ognition element or respond to changes in chemical environ 
ment, Such as pH), and may eliminate chemical interferences. 
Such a polymer or other filter material (e.g., a grating, a 
porous material, etc.) may be used to block undesired mate 
rial of gastrointestinal tract 300 while enabling a desired 
material to reach sensor 1402. 

0111. As described above, sensor 202 can be configured in 
a variety of ways to sense a wide variety of conditions of 
human 102. For example, as shown in FIG. 15, sensor 202 
comprises an electrical sensor 1502. Electrical sensor 1502 
may be coupled to a power and ground signal (e.g., power 
1208 and ground 1210 shown in FIG. 12), and may vary in 
impedance (e.g., resistance, capacitance, inductance) in rela 
tion to stimulus 210. For example, electrical sensor 1502 may 
be a temperature sensor 1602, as shown in FIG. 16. 
0112. In such an embodiment, a resistance of temperature 
sensor 1602 may vary with temperature (such as described 
above with respect to FIG. 12), to generate a sensor output 



US 2014/0309503 A1 

signal 1210 that indicates temperature. Alternatively, tem 
perature sensor 1602 may be configured in other ways. 
0113. In another embodiment, sensor 202 may comprise a 
chemical sensor 1702, as shown in FIG. 17. Chemical sensor 
1702 may be configured to detect the presence of a particular 
chemical or a chemical family in gastrointestinal tract 300. 
For example, chemical sensor 1702 may be a micro-electro 
mechanical system (MEMS) sensor 1802, as shown in FIG. 
18. MEMS sensor 1802 can be configured in a variety of ways 
to detect chemicals. For example, MEMS sensor 1802 may 
include a MEMS cantilever 1902 on a substrate 1904, as 
shown in FIG. 19. FIG. 19 shows a cross-sectional view of a 
MEMS cantilever 1902. In an embodiment, MEMS cantile 
ver 1902 is an oscillating cantilever, configured to oscillate in 
a selected acoustic frequency range. Cantilever 1902 may be 
coated with a material configured to capture molecules of a 
chemical to be sensed. On capture, a frequency of oscillation 
of cantilever 1902 would change, indicating that the chemical 
is sensed. 

0114. In another embodiment, MEMS sensor 1802 may 
include a surface acoustic wave (SAW) sensor. The SAW 
sensor may be coated with a material configured to react with 
molecules to be sensed. On capture, the increased mass load 
ing on the Surface of the SAW sensor results in a change in an 
electrical property of the SAW sensor (most often the reso 
nant frequency) indicating that a chemical is sensed. 
0115. In another embodiment, chemical sensor 1702 may 
be an electrochemical sensor as shown in FIG. 28. The elec 
trochemical sensor may be a three electrode cell in which the 
working electrode is coated with a material configured to 
react with molecules to be sensed. The reaction occurring at 
the Surface of the working electrode leads to a change in 
oxidation state, which is manifested as a flow of current into 
or out of the electrode, indicating that the chemical is sensed. 
0116. In another embodiment, chemical sensor 1702 may 
be an optical sensor. The optical sensor may be coated with a 
material configured to react with molecules to be sensed and 
change its optical properties as a result. For example, an 
optical coating may be utilized that fluoresces when a par 
ticular chemical of interest reacts with it. Alternatively, the 
chemical reaction of interest could cause a reduction in the 
natural fluorescence of the coating. 
0117. In another embodiment, cantilever 1902 may be 
used as vibration sensor or pressure sensor. For example, 
when cantilever 1902 is vibrated, or when sufficient pressure 
is applied to cantilever 1902, end 1906 of cantilever 1902 may 
make contact with substrate 1904 to activate MEMS sensor 
1802. For instance, a contact area 1908 on end 1906 of can 
tilever 1902 may be an electrically conductive material that 
makes electrical contact with a contact area 1910 on substrate 
1904 when cantilever 1902 bends, to create an electrical 
current path, thereby allowing cantilever 1902 to operate as a 
switch. Cantilever 1902 can be formed in a variety of ways, 
including standard photolithography and other MEMS fabri 
cation techniques. 
0118. In another embodiment, sensor 202 may be a blood 
sensor. The presence of blood in the gastrointestinal tract can 
indicate a medical condition Such as cancer or pre-cancerous 
polyps. Existing chemical tests for occult gastrointestinal 
tract blood are carried out on stool samples. Such tests are 
based on the pseudo-peroxidase activity of heme, which 
causes a breakdown of hydrogen peroxide that can then be 
detected through the use of a color-changing dye or marker. 
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This and similar methods are not suitable for use in-vivo due 
to the reliance on intermediate reagents and the observation of 
a color change. 
0119 For in-vivo use, such as on ingestible sensor device 
104, an enzyme biosensor may be used to detect the presence 
of blood. An enzyme, for example heme oxygenase, that 
reacts specifically with heme or another factor in the blood, 
may be fixed to a metal microelectrode. FIG. 29A illustrates 
an example sensor 202, wherein sensor 202 is configured to 
detect blood. In this example, sensor 202 includes an enzyme 
2902 coupled to a metal electrode 2904. Enzyme 2902 may be 
exposed to the gastrointestinal tract to detect one or more 
Substrates present in the gastrointestinal tract. Although the 
present example will be described with respect to the use of 
heme oxygenase as an enzyme to detect heme in the blood, 
one of skill in the art will recognize that other enzymes may 
be used in a similar manner to detect other Substrates indica 
tive of the presence of blood. 
I0120 FIG.29B illustrates the oxidation reaction catalyzed 
by heme oxygenase (HO). Specifically, the following reac 
tion occurs: 

When HO is present, a reaction between heme, ascorbic acid, 
and oxygen (the reactants) is instigated. By-products of this 
oxidation reaction include, among other things, bilirubin and 
carbon monoxide. This forward reaction can be detected in 
multiple ways. 
10121. In an embodiment, the oxidation reaction is detected 
through direct electron transfer. In this embodiment, enzyme 
2902 includes heme oxygenase, which is coupled to metal 
electrode 2904. During oxidation, an electron is produced. 
This electron is transferred from the reaction site into elec 
trode 2904, causing a change in current. This current change 
can be monitored using, for example, a high impedance 
amplifier. 
0.122 The direct electron transfer embodiment presumes 
that the electron will flow from the reaction site to the elec 
trode with fairly low impedance. In another embodiment, the 
reaction can be detected by monitoring the concentration of 
reactant and/or by-product at the reaction site. A reduction in 
a reactant (such as oxygen) or an increase in a by-product 
(such as carbon monoxide) is indicative of the reaction and 
can be measured with electrochemical or other methods. For 
example, measurement may occur usingamperometric detec 
tion. With amperometric detection, a generated current is 
proportional to a detected level of a particular Substance. In 
this example, an amperometric detector may detect a change 
in the level of carbon monoxide, Such that a current change 
due to an increase in carbon monoxide is indicative of the 
reaction. Similarly, an amperometric detector may detect a 
change in the level of oxygen, Such that a current change due 
to a decrease in oxygen is indicative of the reaction. 
I0123. Such a binary (that is, blood or no blood) determi 
nation as to whether blood exists in the gastrointestinal tract is 
autonomous, in that it eliminates the need for interpretation 
and/or intervention from experts to make the determination. 
Such a sensor also allows the measurement to be made 
remotely, with the result of the measurement transmitted 
acoustically to a receiver. 
0.124. Additionally, an approximate level of blood in the 
gastrointestinal tract can be determined. In an embodiment 
where direct electron transfer is used to detect heme, the level 
of current produced by the electron transfer is a function of 
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the oxidation rate, which in turn is indicative of the level of 
blood present. Similarly, in an embodiment where ampero 
metric detection is used to detect changes in the level of 
reactants and/or by-products, the amount of reactant and/or 
by-product can be determined from the current generated. 
0.125 Sensors 202 incorporated into ingestible sensor 
device 104 may be configured to be specific to a diagnostic 
test prescribed by a physician of human 102. For example, 
temperature sensor 1602 may be imbedded in an integrated 
circuit of ingestible sensor device 104 to monitor a core body 
temperature and provide a temperature reference for other 
sensor data. Others of sensors 202 may be configured to 
detect the presence of blood to locate sources of bleeding in 
gastrointestinal tract 300. Sensors 202 may be configured to 
analyze enzymes and digestive fluids for the presence of 
chemical “markers' for specific diseases, including cancer. 
An array of sensors 202 may be used for a broad spectrum of 
tests for general health, or focus on a specific disease. A 
physician may first prescribe a ingestible sensor device 104 
configured for diagnosing general health of human 102. 
Based on the results of the analysis of data received from the 
ingestible sensor device 104, the physician may prescribe a 
second ingestible sensor device 104 configured to diagnose a 
specific disease or other Suspected problem. 
0126. In embodiments, sensors 202 can be configured to 
detect various further conditions, including detecting a heart 
beat, breathing, a pH level, and other materials, chemicals, 
and enzymes in gastrointestinal tract 300 that are relevant to 
patient health, including blood Sugar, ulcers, tumors, cancer 
pre-cursers, etc. 
0127. As described above, ingestible sensor device 104 
communicates with computing device 108. Computing 
device 108 may be configured to communicate with ingest 
ible sensor device 104 in a variety of ways. For example, as 
shown in FIG. 1, ingestible sensor device 104 may commu 
nicate directly to computing device 108. Alternatively, ingest 
ible sensor device 104 may communicate with computing 
device 108 via an intermediate sensor link module 2002, as 
shown in FIG. 20. Sensor link module 2002 receives commu 
nication signal 106 from sensor 202. Sensor link module 2002 
transmits a communication signal 2004 to computing device 
108, to provide the information sensed by sensor 202 to 
computing device 108. For example, sensor link module 2002 
may be used when ingestible sensor device 104 communi 
cates with an acoustic communications signal or with a RF 
communication signal having a power level to low to reliably 
be received by computing device 108. As shown in FIG. 20. 
sensor link module 2002 is coupled to human 102. 
0128 Multiple sensor link modules 2002 may comprise a 
system as an alternative embodiment to FIG. 20. The present 
invention includes in this embodiment a capability of location 
detection through triangulation and other algorithms, capable 
of detecting sensor device 104 to a very accurate, three 
dimensional location within human 102. Sensor readings 
from ingestible sensor device 104 in combination with accu 
rate location information taken at the time sensor device 104 
detects a condition, material, or attribute may provide a very 
valuable tool for Surgeons eliminating some or all exploratory 
Surgical time and complications (infections and incision size, 
etc) in identifying an area of operation, or providing a much 
more reduced area of treatment for a number of cancers. 

0129. Additionally, a sensor device 104 with accurate 
location tracking capability of sensor link modules 2002 may 
provide a doctor with information as to what additional pro 
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cedures are best to evaluate a further procedure. For example, 
a location indication may be used to make a choice whetheran 
endoscope (for the stomach), a double balloon endoscope (for 
the Small bowel), or colonoscopy (for the large intestine) 
should be used to further investigate an area of interest made 
available by sensor readings. 
0.130. In another embodiment, as shown in FIG. 21, sensor 
link module 2002 may provide a communication interface 
between ingestible sensor device 104 and network 402, such 
that a separate computing device 108 is not required. In Such 
an embodiment, sensor link module 2002 may perform some 
or all functions of computing device 108 described above, and 
thus sensor link module 2002 may be referred to as a com 
puting and/or storage device. 
I0131. In embodiments, sensor link module 2002 may be 
configured in various ways. For instance, FIG. 22 shows an 
example sensor link module 2002, according to an example 
embodiment of the present invention. As shown in FIG. 22. 
sensor link module 2002 includes a control logic 2202, a 
sensor communication module 2204, a storage 2206, a 
remote communication module 2208, and a power source 
2210. In an embodiment where sensor link module 2002 is 
acting as a pure storage device, remote communication mod 
ule 2208 is optional. 
(0132 Sensor communication module 2204 receives com 
munication signal 106 from ingestible sensor device 104. 
Thus, in embodiments, sensor communication module 2204 
may be configured to receive an RF version and/oran acoustic 
version of communication signal 106. Sensor communication 
module 2204 demodulates the sensor related information/ 
data of communication signal 106. Furthermore, sensor com 
munication module 2204 may process and/or convert a for 
mat of the information received in communication signal 106. 
For example, sensor communication module 2204 may per 
form an analog-to-digital (A/D) conversion of the received 
sensor data, and outputs a sensor data signal. Additionally or 
alternatively, sensor communication module 2204 may nor 
malize data, convert a relative data to an absolute value, 
and/or apply a compression algorithm to the outbound data 
stream. The sensor data signal may be received by storage 
2206 and/or by control logic 2202. In an embodiment, sensor 
link module 2002 may convert communication signal 106 
(for example, an acoustic protocol) into an industry adopted 
or standardized communication protocol. Example industry 
adopted protocols include, for example and without limita 
tion, a Medical Implant Communications Services (MICS) 
protocol and RF medical devices standardized protocol. Such 
an embodiment may not require much storage 2206, poten 
tially as Small as a single register device. 
I0133. In other embodiments, storage 2206 is configured to 
store the sensor data of the sensor data signal. Storage 2206 
may include any type of Suitable storage, including a hard 
drive and/or imbedded or detachable memory devices. For 
example, in an embodiment, storage 2206 includes a read/ 
write non-volatile memory Such as a secure digital (SD) 
memory card as is typically used in PDAs and digital cam 
eras. Storage 2206 can output the stored data in a stored 
sensor data signal, for Subsequent transmission to computing 
device 108 by remote communication module 2208. In an 
embodiment, storage 2206 is removable such as, for example, 
SD memory. In such an embodiment, physical removal of the 
memory and insertion into computing device 108 or remote 
entity 404 is both possible and effective. 
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0134 Control logic 2202 is configured to control opera 
tion of sensor link module 2002. 

0135 Remote communication module 2208 receives the 
stored sensor data signal, and formats the sensor-related data 
for transmission. Furthermore, remote communication mod 
ule 2208 transmits the sensor data in communication signal 
2004. Remote communication module 2208 may be config 
ured to transmit communication signal 2004 in a variety of 
formats/protocols, such as a standard RF communication pro 
tocol including Bluetooth, IEEE 802.11, Zigbee, or other 
communication protocol, standard or otherwise. For 
example, in embodiments, computing device 108 may be a 
Bluetooth, 802.11, and/or Zigbee configured handheld device 
Such as cellphone, personal digital assistant (PDA), a Black 
berryTM, wrist watch, music player, or laptop, or other type of 
computer, handheld, desktop, or otherwise. 
0.136 For example, FIG. 23 shows an embodiment where 
computing device 108 is a handheld device, such as a cell 
phone 2302. In an example Bluetooth embodiment, where a 
Bluetooth enabled cell phone 2302 is retrieving the sensor 
data from ingestible sensor device 104, cell phone 2302 may 
deliver a data packet via path 2204 through a cellular data 
network 2306 to remote entity 404, where remote entity 404 
is a central medical diagnostic center or a central data storage 
facility. The sensor data may then be sent over this established 
link of cellular network 2306 to the medical diagnostic center, 
and the medical diagnostic center receives information via 
path 2308. If the sensor data is downloaded from sensor link 
module 2002 to a Bluetooth computer version of computing 
device 108, the data may be saved to storage of the computer 
(e.g., hard disk), a Subsequently transferred over an Internet 
version of network 402 to the medical diagnostic center. 
0137 Power source 2210 provides power to elements of 
sensor link module 2002 that require power, such as control 
logic 2202, sensor communication module 2204, Storage 
2206, and remote communication module 2208. For example, 
power source 2210 may include one or more batteries that are 
rechargeable or non-rechargeable. Power source 2210 may 
also (or alternatively) include an interface for externally Sup 
plied power, such as standard A/C power. 
0138 Thus, in embodiments, sensor communication mod 
ule 2204 includes a receiver (e.g., acoustic, RF, etc.) and 
remote communication module 2208 includes a transmitter. 
In this manner, information from ingestible sensor device 104 
can be passed through sensor link module 2002 to computing 
device 108 and/or remote entity 404. In a further embodi 
ment, sensor communication module 2204 includes a trans 
mitter for transmitting a communication signal to ingestible 
sensor device 104 and/or remote communication module 
2208 includes a receiver for receiving a communication sig 
nal from computing device 108. In this manner, information 
and/or control commands (e.g., instructions, a Software/firm 
ware upgrade, commands to activate certain sensors 202, etc.) 
from computing device 108 and/or remote entity 404 can be 
passed through sensor link module 2002 to ingestible sensor 
device 104. 

0.139. As described above, and shown in FIGS. 20, 21, and 
23, sensor link module 2002 is coupled to human 102. Sensor 
link module 2002 may be coupled to human 102 in a variety 
of ways. For example, sensor link module 2002 may be 
directly attached to the skin of human 102, such as by an 
adhesive or a strap. FIG. 24 shows sensor link module 2002 
incorporated in a patch 2400 for direct attachment to a surface 
2402, such as skin, of human 102. As shown in FIG. 24, patch 
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2400 includes sensor link module 2002 and an adhesive layer 
2406. Adhesive layer 2406 may include any type of adhesive 
material suitable for attaching sensor link module 2002 to 
surface 2402. For example, adhesive layer 2406 may include 
an adhesive commonly used in transdermal patches. In an 
embodiment, patch 2400 includes a release liner that covers 
adhesive layer 2406 prior to attachment to surface 2402. 
When ready to apply patch 2400 to surface 2402, the release 
liner is removed, exposing adhesive layer 2406. The exposed 
adhesive layer 2406 is applied to surface 2402, attaching 
patch 2400 to surface 2402. 
0140. In this manner, sensor link module 2002 may be 
coupled to human 102 for receiving communication signal 
106 from ingestible sensor device 104. In an embodiment, a 
sensor link module 2002 may be attached to human 102 in one 
or more locations, including the head, neck, chest, back, 
abdomen, arm, leg, etc. 
0.141. In an embodiment, sensor communication module 
2204 of sensor link module 2002 includes a high sensitivity 
acoustic receiver. In an embodiment, sensor link module 2002 
can function as a diagnostic device in addition to receiving 
sensor information from ingestible sensor device 104. Sensor 
link module 2002 can use the acoustic receiver to pick up the 
sounds of body functions from within human 102. Such func 
tions include heartbeat, breathing, blood flow, and digestion. 
These received sounds may be stored as data by sensor link 
module 2002, and may be used to augment sensor data 
received from ingestible sensor device 104. 
0142. As described above, in an embodiment, ingestible 
sensor device 104 can transmit an acoustic signal. By receiv 
ing the acoustic signal transmitted by ingestible sensor device 
104, sensor link module 2002 may perform a type of ultra 
Sound analysis based on the human interior generated acous 
tic signal from ingestible sensor device 104. As the acoustic 
version of communication signal 106 is transmitted from 
within human 102 from ingestible sensor device 104, signal 
106 is transformed by attenuation, refraction, and reflection, 
as a function of the tissue of human 102 that signal 106 passes 
through. The transformed signal thus provides additional 
diagnostic information to sensor link module 2002, very 
much like a diagnostic ultrasound conveys diagnostic infor 
mation that can be analyzed by a trained technician. The 
acoustic signal from ingestible sensor device 104 may be 
viewed as an “interior ultrasound or "sonogram’, which can 
be analyzed to extract additional diagnostic information 
regarding human 102. In an embodiment, information 
received by sensor link module 2002 regarding the interior 
ultrasound signal can be used to generate a graphical display 
of at least a portion of the interior of human 102. Further 
information regarding Such acoustic imaging may be found in 
co-pending U.S. patent application No. (to be determined), 
Attorney Docket No. 2520.0120001, titled “Imaging and 
Locating Systems and Methods for a Swallowable Sensor 
Device', incorporated by reference herein in its entirety. 
0.143 For example, in an embodiment, multiple sensor 
link modules 2002 may be attached to human 102 at various 
locations in order to receive the interior acoustic signal from 
different angles. An amount of received acoustic information 
is proportional to the number of sensor link modules 2002 
attached to human 102. For example, FIG. 25 shows an array 
of sensor link modules 2002a-2002c attached to human 102. 
The array of sensor link modules 2002 may be attached at 
specific locations on human 102 to increase, including maxi 
mizing, the acoustically received diagnostic information as 
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well as to identify a specific location of the ingestible sensor 
device which can be used for identifying a location to a 
detection of a sensed material, or simply identifying a histori 
cal analysis of the track taken by the ingestible device and the 
speed of passage. 
0144. For example, the attachment of an array of sensor 
link modules 2002 to human 102, such as three sensor link 
modules 2002a-2002c, may enable “triangulation” or other 
location finding algorithms to be used to locate ingestible 
sensor device 104 in human 102. By locating ingestible sen 
sor device 104 in human 102, a location of a sensed material 
in human 102 can be determined. Thus, this may enable a 
doctor, Such as a Surgeon, to ascertain the location of problem 
tissue. Such as a tumor, a cancerous tissue, bleeding tissue, an 
ulcer, etc., so that the problem tissue can be treated, such as by 
removing the problem tissue, Suturing the problem tissue, etc. 
0145 Such analysis of the acoustic data received by sensor 
link module 2002 may result in receiving a large amount of 
data, which may be processed by a signal processor. Sensor 
link module(s) 2002 may include a large amount of memory 
to store the acoustic data. Furthermore, or alternatively, sen 
Sor link modules 2002 may transmit the data to computing 
device 108 in “packets.” before the memory of sensor link 
module(s) 2002 is full. 
0146 In an embodiment, sensor link modules 2002 may 
be placed onto human 102 with a predefined and absolute 
distance from reference point 110. Alternatively, a single 
sensor link module 2002 may be placed at a reference point 
110. In these embodiments, data and information accumu 
lated with location information may be re-composed or dis 
played on human 102 at a later date. Without such a fixed 
reference point, highly accurate location detection of sensor 
device 104 is only valid while sensor link modules 2002 are 
affixed or marked. In an example, sensor link module 2002 
may be removed from human 102 after sensor device 104 
passes out of the human 102. Accurate location of sensor 
device 104 is relative only to sensor link modules 2002. Once 
these are removed, the absolute location within human 102 is 
no longer known, although information regarding relative 
location from device 104 to sensor link modules 2002 can be 
stored indefinitely. Reference point 2510 may be, for 
example, a navel of human 102. In other embodiments, ref 
erence point 2510 may be a permanent mark (such as a tattoo), 
a semi-permanent mark (visible throughout an anticipated 
diagnosis and corrective cycle), or a written record of abso 
lute distances from a multiple of other fixed body parts, such 
as sternum, clavicle, iliac crest, etc. Other selections of semi 
permanent points of reference do not depart from the spirit 
and scope of this invention. 
0147 Information about the location of sensor device 104 
may be sent by device 108 for permanent storage into remote 
entity 404 or network 402. Accurate location information 
coupled with sensor readings 202 can be displayed graphi 
cally to aid in a doctors (or other) diagnosis. A display may 
include a three-dimensional trace of the path traveled by 
device 104 (x,y,z style representation, for example) as well as 
a linear distance of a path traveled by device 104. The linear 
distance may be, for example and without limitation, the 
distance from mouth.302 to device 104, or device 104 to anus 
318, or both. In this embodiment, a doctor may make use of a 
three-dimensional location of an area of interest for a Surgical 
procedure. Depending upon the diagnosis, a doctor may also 
utilize the linear distance to the area of interest to determine 
the appropriate use of an endoscopy or colonoscopy proce 

Oct. 16, 2014 

dure. For example, if the area of interest is 25 linear feet from 
mouth.302 and 2 feet from anus 318, the doctor would choose 
a colonoscopy procedure for further diagnosis or treatment. 
0.148. In an embodiment, data may be stored and physi 
cally transported to another processor, Such as, for example 
and without limitation, a SIM memory card on external 
device 108 or sensor link module 2002. The memory card can 
then be removed to be placed in a computer at, for example, a 
doctors office so that a wireless connection to a network is 
not required. In an alternative embodiment, sensor link mod 
ule(s) 2002 are linked to computing device 108 by a wireless 
Bluetooth link. Computing device 108 stores the acoustic 
data received from sensor link module(s) 2002, collects the 
acoustic data into a file, and then send the entire data file over 
network 402 (e.g., the Internet) to remote entity 404, which 
may be a central diagnostic office for processing and analysis. 
In an embodiment where computing device 108 is a Bluetooth 
enabled phone, the phone may call the acoustic data in to the 
central diagnostic office as it is received, and the central 
diagnostic office may accumulate the data file until it is com 
plete. Any number of combinations of device types and com 
munication protocols for computing device 108, sensor link 
module 2002, and ingestible sensor device 104 are possible, 
and are encompassed by embodiments of the present inven 
tion, as would be understood by persons skilled in the relevant 
art(s) from the teachings herein. 
0149. In another embodiment, sensor link modules 2002 
can be connected to computing device 108 via conductive 
paths such as with wires. Additionally, the package may be a 
flexible and wearable integrated unit comprising sensor link 
modules 2002, electrically conductive pathways 2004, com 
puting device 108, and antennas (and/or appropriate shielding 
of these antennas) for use by computing device 108 (as in the 
case of cellular packet transmission). In this embodiment, 
computing device 108 may supply power through conductive 
pathways 2004 to sensor link modules 2002. In the case of a 
human use, the integrated package may include a comfortable 
cloth-like material, and may be in the format of a weight 
lifting belt or slimming girdle?undergarment. 
0150. In an embodiment, human 104 may swallow a plu 
rality of ingestible sensor devices 104 at a time, or within a 
relatively short time period, for a particular type of diagnostic 
test, such that the plurality of ingestible sensor devices 104 
are in human 104 concurrently. For example, FIG. 26 shows 
human 102 having swallowed three ingestible sensor devices 
104, shown as ingestible sensor devices 2602, 2604, and 
2606. Ingestible sensor devices 2602, 2604, and 2606 respec 
tively communicate with sensor link module 2002 using com 
munication signals 106a-106c. When a plurality of ingestible 
sensor devices 104 are present in human 102, such as shown 
in FIG. 25, the ingestible sensor devices 104 may communi 
cate with sensor link module 2002 in a variety of ways to 
avoid communication contention. For example, ingestible 
sensor devices 104 may use a simple Listen-Before-Talk 
(LBT) protocol to avoid contention. In another embodiment, 
ingestible sensor devices 2602, 2604, and 2606 may use 
different communication frequencies that can be received 
simultaneously by sensor link module 2002. In an embodi 
ment, sensor link module 2002 may identify each ingestible 
sensor device 104 by its corresponding identification number, 
and may store the date and time. 
0151. In an embodiment, ingestible sensor devices 104 
may be calibrated. For example, ingestible sensor devices 104 
may be dispensed with a test kit (e.g., provided in a diagnostic 
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kit sold/provided to the patient). The test kit may include one 
or more sensor link modules 2002. For calibration, for 
example, ingestible sensor devices 104 may be linked to a 
sensor link module 2002. An identification number and a 
sensor calibration (e.g., an output of each sensor 202, prior to 
being swallowed) of each ingestible sensor device 104 may 
be stored in the sensor link module 2002 and/or in an associ 
ated computing device 108. The sensor calibration data may 
be used in sensor link module 2002, computing device 108, 
and/or remote entity 404 to adjust the data output by the 
corresponding sensor. 
0152. In an embodiment, a medical diagnostic network 
system based on ingestible sensor devices 104 provides medi 
cal diagnostic tests to patients, wherever the patients are 
located, including remote locations. Based on a routine test or 
a specific patient complaint (e.g., provided by phone or inter 
net) an attending physician at a medical center may send (e.g., 
via mail or other delivery system) a diagnostic kit to the 
patient, including ingestible sensor devices 104 specific to the 
diagnostic tests prescribed, and at least one sensor link mod 
ule 2002. The diagnostic tests are performed as described 
herein using ingestible sensor devices 104. Based on the 
analysis of the diagnostic tests, medications and/or other 
treatment may prescribed and sent to the patient. 
0153. Thus, embodiments of the present invention simply 
existing diagnostic systems, making them cheaper and 
Smaller, while at the same time providing more performance 
and capability. Embodiments describe herein may be more 
physician- and patient-friendly, where the patient testing can 
take place any time, anywhere. Ingestible sensor devices 104. 
with sensor link modules 2002 and/or computing devices 
108, provide a low-cost, high performance platform that 
expand the number of medical conditions that can be evalu 
ated beyond the limitations of current products. As a result, 
patients will require less invasive testing, for a wider array of 
conditions, with less risk of medical complication and pain. 
0154 Embodiments are more adaptable to busy patient 
lifestyles and physician office schedules, and enable and 
facilitate patient access to diagnostic testing. In embodi 
ments, emerging health conditions can be identified early, 
when treatment can curb future problems. Elderly and pedi 
atric patients, and patients in remote areas will now have 
access to physician counsel without the necessity of multiple 
office visits. A patient’s health can be monitored and diag 
nosed, and a result of the monitoring and diagnostic tests can 
be provided to physicians or other health professionals 
quickly for review at any location, Such as by the Internet or 
by cell phone call. 
0155. Furthermore, embodiments reduce a need for costly 
staff retraining and purchase of specialized equipment. 
0156. In embodiments, ingestible sensor devices 104 pro 
vide many advantages, including one or more of lowering the 
cost of diagnosing and monitoring certain conditions and 
diseases; adapting diagnostic tests for today’s active lif 
estyles; offering time-pressed patients diagnostic services 
when it is convenient for them, not just during inconvenient 
clinic hours; providing a simple, inexpensive, and mistake 
proof, self administered diagnostic, especially useful for the 
elderly or disabled, improving accessibility to diagnosis and 
health monitoring for remote population groups, such as in 
rural and underserved areas, and; offering faster diagnosis, 
monitoring, and treatment for patients, which can prevent 
conditions from advancing to more serious levels. 
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0157. In an embodiment, a medical electronic diagnostic 
interconnected on-line network system is provided. This sys 
tem is configured to automate the process of sending ingest 
ible sensor devices 104 in diagnostic kits to patients, and the 
retrieval and analysis of the resulting data. Thus, in an 
embodiment, this system provides a diagnostic kit to patient 
that includes ingestible sensor devices 104, configured based 
on a doctor's recommendation (e.g., for a general checkup, 
for a specific malady, a range of maladies, etc.). The patent 
applies one or more sensor link modules 2002 to himself/ 
herself, as indicated in provided instructions, and Swallows 
the ingestible sensor devices 104. Data from the ingestible 
sensor devices 104 is automatically provided via the sensor 
link module(s) 2002 to computing device 108 (e.g., a cell 
phone, computer, etc.), which may process the data, and 
forwards the data to remote entity 404 through network 402 
(e.g., a phone network, computer network, etc.). Remote 
entity 404 (e.g., a computer and/or a physician) analyze the 
received data, and may make a further determination based 
upon the received data if necessary. For example, a further 
diagnostic test may be sent to the patient, medication (and/or 
other treatment, Such as exercise, Surgery, an in-office doctor 
visit, etc.) may be prescribed to the patient, information may 
be sent to the patient regarding the analysis, etc. 
0158 Embodiments of the present invention may provide 
many benefits to physicians and Veterinarians, including one 
or more of the following: benefits over current existing tests, 
low relative procedure risk, low allergic reaction potential, 
low level of invasiveness, low infection potential, increased 
speed of results, ease of interpretation, no need for patient 
sedation, an outpatient setting is provided, the patient is more 
comfortable (e.g., at home, at work, on vacation), low cost of 
test, accurate testing, data may be presented in a variety of 
ways, ease of integration of received data with existing health 
medical records formats, low patient anxiety, high patient 
convenience, less office visits required, less additional equip 
ment the physician needs to purchase, a low amount of addi 
tional training for staff. 
0159 Embodiments of the present invention may be used 
in a variety of medical, domestic, and other applications, 
including those described above, and further applications. For 
example, as described above, the baby boomer population 
may use the ingestible sensor devices, and related communi 
cation links, computing devices, networks, etc., to provide 
early and easy detection of health issues, and to preserve a 
better quality of life. The community of “health conscience' 
persons may desire to use the ingestible sensor devices, and 
related communication links, computing devices, networks, 
etc., to provide early and easy detection of health issues, and 
to help monitor and maintain a higher level offitness, such as 
through enzyme detection, monitoring digestive process 
speed, etc. The well being of livestock may be monitored and 
improved by the ingestible sensor devices, and related com 
munication links, computing devices, networks, etc., includ 
ing the monitoring the quality of livestock meat, milk, etc., as 
well as providing early sickness detection and disease pre 
vention. The monitoring of domestic pet health is improved 
by the ingestible sensor devices, and related communication 
links, computing devices, networks, etc., where both at home 
monitoring and Veterinarian monitoring of pet health 
attributes. Such as temperature, heart rate, breathing, etc. In an 
embodiment, ingestible sensor devices may be configured to 
be implantable for longer-term diagnostics for both domestic 
pets and livestock, including racing animals such as racing 
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dogs and horses. Furthermore, in another embodiment, a 
couple desiring to become pregnant may use the ingestible 
sensor devices, and related communication links, computing 
devices, networks, etc., to be alerted to a best time to conceive 
on a real time basis over a several day period. Alternatively, a 
similar acoustic sensor system may be located on a vaginal 
Suppository for hormonal and temperature monitoring. 
Example Computer System Embodiments 
0160. In this document, the terms “computer program 
medium' and "computer usable medium' are used to gener 
ally refer to media Such as a removable storage unit, a hard 
disk installed in hard disk drive, and signals (i.e., electronic, 
electromagnetic, optical, or other types of signals capable of 
being received by a communications interface). These com 
puter program products are means for providing software to a 
computer system. The invention, in an embodiment, is 
directed to Such computer program products. 
0161 In an embodiment where aspects of the present 
invention are implemented using software, the Software may 
be stored in a computer program product and loaded into a 
computer system using a removable storage drive, hard drive, 
or communications interface. The control logic (software), 
when executed by a processor, causes the processor to per 
form the functions of the invention as described herein. 
0162 According to an example embodiment, an ingestible 
sensor device may execute computer-readable instructions to 
perform its functions. Furthermore, a sensor link module for 
communicating with the ingestible sensor device may 
execute computer-readable instructions to communicate with 
the ingestible sensor device. Still further, a computing device 
may execute computer-readable instructions to communicate 
with the ingestible sensor device and/or the sensor link mod 
ule, and/or to process data obtained by the ingestible sensor 
device and/or sensor link module, as described above. Still 
further, a test kit and medical diagnostic network system may 
each execute computer-readable instructions to perform its 
functions. 

CONCLUSION 

0163 While various embodiments of the present invention 
have been described above, it should be understood that they 
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have been presented by way of example only, and not limita 
tion. It will be apparent to persons skilled in the relevant art 
that various changes in form and detail can be made therein 
without departing from the spirit and scope of the invention. 
Thus, the breadth and scope of the present invention should 
not be limited by any of the above-described exemplary 
embodiments, but should be defined only in accordance with 
the following claims and their equivalents. 

1.-16. (canceled) 
17. A method, comprising: 
attaching a sensor link module to a skin of an animal; and 
causing the animal to Swallow a ingestible sensor device; 
wherein an acoustic communication signal is transmitted 

from the ingestible sensor device located within a gas 
trointestinal tract of the animal, the communication sig 
nal including sensor data obtained by the ingestible sen 
Sor device in the gastrointestinal tract; and 

wherein the communication signal is received by the sen 
Sor link module. 

18. A method, comprising: 
in a link module attached to an animal, receiving a first 

acoustic communication signal from an ingestible sen 
sor device located within the gastrointestinal tract of the 
animal; 

storing sensor data received in the first communication 
signal; and 

transmitting the sensor data to a computing device in a 
second communication signal. 

19. A method, comprising: 
receiving a communication signal from a computing 

device, the communication signal including sensor data 
obtained by a sensor in an ingestible sensor device 
located in the gastrointestinal tract of an animal; 

processing the sensor data; and 
diagnosing a condition of the animal based on the pro 

cessed sensor data. 
20. The method of claim 19, comprising: 
providing an assessment of the diagnosed condition to the 

animal. 


