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SYSTEM AND METHOD FOR MONITORING
A HEALTH CONDITION OF AN ANIMAL

TECHNICAL FIELD

[0001] This disclosure relates generally to systems and
methods for monitoring a health condition of an animal and,
in particular, to systems and methods for monitoring one or
more animal characteristics to detect a health condition of the
animal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] The various aspects and advantages of the invention
are described by way of example in the following description
of several embodiments and attached drawings. It should be
understood that the accompanying drawings depict only typi-
cal embodiments and, as such, should not to be considered to
limit the scope of the claims. The embodiments will be
described and explained with specificity and detail in refer-
ence to the accompanying drawings in which:

[0003] FIG. 1 is a block diagram of one embodiment of an
animal monitoring system;

[0004] FIG. 2 is a block diagram of one embodiment of a
bolus comprising one or more sensors;

[0005] FIG. 3 is a block diagram of an animal information
data structure;
[0006] FIG. 4 is a block diagram of an animal monitoring

system, comprising an animal monitoring service in commu-
nication with a base station and bolus disposed within a
stomach of a ruminant animal;

[0007] FIG. 5 is a flow diagram of one embodiment of a
method for establishing and updating an animal characteristic
model of an animal health-condition pattern;

[0008] FIG. 6 is a flow diagram depicting one embodiment
of a method for monitoring a health condition of an animal,;
[0009] FIG. 7 is a flow diagram depicting one embodiment
of a method for determining a probability that an animal
has/is in a particular health condition; and

[0010] FIG. 8is a flow diagram depicting one embodiment
of a method for detecting a health condition of an animal.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0011] This disclosure relates generally to systems and
methods for monitoring a health condition of an animal and,
in particular, to systems and methods for monitoring one or
more animal characteristics to detect a health condition of the
animal.

[0012] It will be readily understood that the components of
the present invention, as generally described and illustrated in
the Figures herein, could be arranged and designed in a wide
variety of different configurations. Thus, the following
detailed description of the embodiments of the apparatus,
system, and method of the disclosure is not intended to limit
the scope of the disclosure, as claimed, but is merely repre-
sentative of possible embodiments of the disclosure.

[0013] Insome cases, well-known structures, materials, or
operations are not shown or described in detail. Furthermore,
the described features, structures, or characteristics may be
combined in any suitable manner in one or more embodi-
ments. It will also be readily understood that the components
of the embodiments as generally described and illustrated in
the Figures herein could be arranged and designed in a wide
variety of different configurations.
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[0014] The order of the steps or actions of the methods
described in connection with the embodiments disclosed may
be changed as would be apparent to those skilled in the art.
Thus, any order in the Figures or description is for illustrative
purposes only and is not meant to imply a required order,
unless specified to require an order.

[0015] Certain aspects of the embodiments described may
be illustrated as hardware components, or software modules
or components. As used herein, a software module or com-
ponent may include any type of computer instruction or com-
puter executable code located within a memory device and/or
transmitted as electronic signals over a system bus or wired or
wireless network. A software module may, for instance, com-
prise one or more physical or logical blocks of computer
instructions, which may be organized as a routine, program,
object, component, data structure, etc. that performs one or
more tasks or implements particular abstract data types. In
certain embodiments, a particular software module may com-
prise disparate instructions stored in different locations of a
memory device, which together implement the described
functionality of the module. Indeed, a module may comprise
a single instruction or many instructions, and may be distrib-
uted over several different code segments, among different
programs, and across several memory devices. Some embodi-
ments may be practiced in a distributed computing environ-
ment where tasks are performed by a remote processing
device linked through a communications network. In a dis-
tributed computing environment, software modules may be
located in local and/or remote memory storage devices.
[0016] Turning now to FIG. 1, a block diagram 100 of one
embodiment of a system for monitoring a health condition of
an animal is depicted. In FIG. 1, an ingestible bolus 10, 20
may be disposed within the body of an animal 12, 22. Bolus
10, 20 may be configured to be ingested via the esophagus 13,
23 of a ruminant animal 12, 22, such as a bovine. In this
embodiment, bolus 10, 20 may be configured to have a size
and density which will enable it to remain within the stomach
ofabovine 12, 22, ensuring that it is not regurgitated from the
animal’s reticulum 14, 24 and/or rumen 15, 25.

[0017] FIG. 1 shows ingestible bolus 10 within reticulum
14 of ruminant animal 12 and ingestible bolus 20 within
rumen 24 of ruminant animal 22. Ingestible bolus 10, 20 may
be maintained in any stomach and/or stomach chamber
capable of holding bolus 10, 20. Bolus 10, 20 may be capable
of remaining in the animal’s reticulum 14, 24 and/or rumen
15, 25 throughout the life of the animal 12, 22.

[0018] In an alternative embodiment, bolus 10, 20 may be
injected into and/or implanted under the skin of an animal 12,
22 or otherwise implanted within the body of an animal 12,
22.

[0019] Bolus 10, 20 may comprise wireless communica-
tions means to allow bolus 10 to be in wireless communica-
tion with base station 40. Base station 40 may comprise a
computing device 42 communicatively coupled to base sta-
tion 40. Computing device may be any general and/or specific
purpose computing device known in the art.

[0020] Thebase station 40 and/or computing device 42 may
be monitored by and/or in communication with an animal
manager. As used herein, an animal manager may refer to any
person, machine, and/or used to manage one or more animals.
The animal manager may be in charge of and/or responsible
for one or more animals monitored by the systems and meth-
ods disclosed herein. An animal manager may comprise one
or more automated systems such as feeding, heating, cooling
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and other systems. An animal manager may further comprise
a human animal manager and/or veterinarian. Base station 40
and/or computing system 42 may be configured by and/or
interact with the animal manager to monitor and/or respond to
changes in animal 12, 22 health condition.

[0021] The wireless communication means of bolus 10, 20
may comprise a wireless transmitter and/or receiver operating
at 900 MHz or some other suitable radio frequency (RF). In
some embodiments, such wireless communication may be
two-way, allowing bolus 10, 20 to transmit and receive data
from base station 40. In other embodiments, bolus 10, 20 may
only be capable of transmitting data to base station 40.
[0022] Animals 12 and 22 may be capable of roaming over
a relatively large area, such as a feed lot, dairy, range area, or
the like. As such, the distance between base station 40 and
bolus 10, 20 may become greater than the wireless commu-
nication range of bolus 10, 20. In this case, one or more
wireless transponders 60, 62 may be deployed to increase the
communications range of bolus 10, 20 to base station 40.
Transponder(s) 60, 62 may receive wireless transmissions
from bolus 10 and retransmit them at a higher power and/or a
different frequency to allow such transmissions to be received
by base station 40. Similarly, in this embodiment, transponder
(s) 60, 62 may receive transmissions from base station 40 to
bolus 10 and retransmit them at higher power so that they may
be received by bolus 10, 20.

[0023] Multiple wireless transponders 60, 62 may be dis-
posed within the vicinity of animals 12, 22. For example, FIG.
1 depicts two wireless transponders 60, 62 that may be in
wireless communication with bolus 10, 20. Where there are
multiple base stations 40 and/or transponders 60, 62 within
the wireless communication range of bolus 10, 20, boluses
10,20 may be configured to communicate with only the base
station 40 and/or transponder 60, 62 with the strongest com-
munications signal. In this embodiment, each base station 40
and transponder 60, 62 may be configured to communicate on
a separate frequency and/or channel within an RF frequency
range (e.g., 900 MHz). The bolus 10, 20 may be configured to
receive data on each of the communications channels used by
base station 40 and transponders 60, 62 to listen for the
strongest signal received on each. Upon determining the best
(e.g., strongest) wireless communication channel (e.g., tran-
sponder 60, 62 and/or base station 40), bolus 10, 20 may
transmit and/or receive data using only that channel. Bolus
10, 20 may be configured to periodically re-evaluate the avail-
able channels to allow bolus 10, 20 to adapt to changes in
animal position and/or changes in base station 40 and/or
transponder 60, 62 signal strength and/or configuration. Simi-
larly, if bolus 10, 20 is out of communication range with any
of transponder(s) 60, 62 and base station 40, bolus 10, 20 may
be configured to cease transmission and/or only transmit tran-
sponder 60, 62 and/or base station 40 discovery messages.
[0024] Although FIG. 1 depicts two boluses 10 and 20 and
two transponders 60 and 62, one skilled in the art would
recognize that an animal monitoring system according to the
teachings of this disclosure could comprise a virtually unlim-
ited number of transponders 60, 62 animals 12, 22, and/or
boluses 10, 20. As such, this disclosure should not be read as
limited to any particular transponder 60, 62, animal 12, 22,
and/or bolus 10, 20 configurations.

[0025] Bolus 10, 20 may comprise one or more sensors to
detect one or more characteristics of animal 12, 22. In this
embodiment, bolus 10, 20 may wirelessly transmit data cor-
responding to monitored animal characteristics to base sta-
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tion 40. Monitored animal characteristics may include physi-
ological characteristics, such as animal temperature, stomach
pH, blood pH, heart rate, respiration, stomach or rumen con-
tractions, and the like. Monitored animal characteristics may
also include non-physiological characteristics, such as ani-
mal movement and/or motion activity, animal location, and
the like.

[0026] The wireless communication characteristics of
bolus 10, 20 between base station 40 and/or transponder(s)
60, 62 may allow base station 40 to determine location infor-
mation relating to animal 12, 22. In an embodiment employ-
ing only a single base station 40, base station 40 may be
configured to determine the animal’s 12, 22 distance from
base station 40. This may be done in a variety of ways includ-
ing, but not limited to: determining distance based upon wire-
less signal strength; determining distance from timestamp
information in the wireless message; or the like.

[0027] Asshown in FIG. 1, the system may comprise more
than one base station 40 and/or transponder(s) 60, 62. In this
case, base station 40 may determine location information
relating to animal 12, 22 using well-known wireless commu-
nications triangulation methods.

[0028] Turning now to FIG. 2, a block diagram of one
embodiment 200 of a bolus 210 is depicted. The components
ofbolus 210 may be disposed within an enclosure 205. Enclo-
sure 205 may be formed from any material capable of remain-
ing within the stomach of an animal without deteriorating
and/or degrading. In addition, enclosure 205 may be formed
of a material unlikely to produce an adverse reaction in an
animal when implanted therein (e.g., within the rumen or
reticulum of the animal). In one embodiment, enclosure 205
may be formed from a non-toxic plastic material.

[0029] Bolus 210 may comprise one or more sensors 220
configured to measure one or more animal characteristics.
One or more of sensors 220 may detect animal movement
and/or motion activity characteristics including, but not lim-
ited to: distance traveled by the animal; animal movement
frequency; animal movement speed; and the like. In one
embodiment, an accelerometer 221 may be used to detect
such movement and/or motion activity characteristics. In this
embodiment, accelerometer 221 may be a three (3) axis accel-
erometer capable of detecting animal movement and/or
motion activity in each of the Cartesian “x,” “y,” and “z” axes.
Bolus 210 may change its orientation while within an animal
(e.g., within an animal’s rumen and/or reticulum). As such,
detection of movement and/or motion activity in only one or
two axes may yield inaccurate results.

[0030] An acceleration vector magnitude (VM) value may
be calculated from the readings of the three axis accelerom-
eter by calculating the square root of the sum of the squares of
each of the “x,” “y,” and “z” coordinate axes as shown in
Equation 1.1:

VM={x>+17+2* Eq. 1.1

[0031] A derivative of the vector magnitude (VM) may be
approximated by calculating the absolute value of the differ-
ence between subsequent vector magnitude values as illus-
trated in equation 1.2:

VM, Eq. 12
FTa VM, = VM), |
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[0032] The derivative of acceleration calculated per equa-
tion 1.2 may be useful in monitoring animal characteristics as
it may remove errors caused by “float” movement of bolus
210 within the stomach of the animal or other constant accel-
eration forces acting on the animal (e.g., gravity). Accord-
ingly, the derivative of the movement vector magnitude may
provide an accurate representation of the actual movement
and/or motion activity characteristics of the animal.

[0033] In addition to detecting movement and/or motion
activity, accelerometer 221 may be configured to detect stom-
ach contractions. Since bolus 210 may be disposed in the
stomach of an animal (e.g., in a ruminant animal’s rumen or
reticulum), bolus 210 may be movably affected by animal
stomach contractions. Such movement and/or motion activity
may be detected by accelerometer 221 as a periodic accelera-
tion. For example, a typical ruminant animal may experience
a three (3) stomach contractions every minute while “on-
feed” (i.e., every 20 seconds). As used herein, “on-feed” may
refer to an animal health condition wherein the animal is
actively feeding, and “off-feed” may refer to an animal health
condition wherein the animal is no longer and/or intermit-
tently feeding.

[0034] Inoneembodiment, bolus 210 may comprise one or
more sensors 220 capable of determining the position of
bolus 210, such as a Global Positioning System (GPS)
receiver or the like. In this embodiment, a GPS receiver may
be used to detect both animal position and animal movement
and/or motion activity characteristics.

[0035] One or more sensors 220 of bolus 210 may be used
to detect physiological characteristics of an animal including,
but not limited to: body temperature; heart rate; respiration;
stomach contractions; stomach pH; blood pH; and the like.
Any number of sensors 220 may be used to detect such
characteristics. For example, to detect animal temperature, a
temperature sensor 222 may be employed. In this embodi-
ment, temperature sensor 222 may comprise a thermistor,
thermocouples or a platinum resistance thermometer, or the
like.

[0036] It would be understood by one skilled in the sensor
arts that any number of sensors 220 could be included within
bolus 210 under the teachings of this disclosure. As such, this
disclosure should not be construed as limited to any particular
sensors 220.

[0037] Inoneembodiment, bolus 210 may comprise acom-
munications unit 230. Communications unit 230 may com-
prise active data transmitter 232 and data receiver 234. Active
data transmitter 232 may be communicatively coupled to
transmitter antenna 233. Transmitter antenna 233 may be
disposed within enclosure 205 of bolus 210, upon the surface
thereof, or may be disposed externally to enclosure 205 of
bolus 210. Data receiver 234 may be communicatively
coupled to receiver antenna 235. Receiver antenna 235 may
be disposed within enclosure 210 of bolus 10, upon the sur-
face thereof, or may be disposed externally to enclosure 210
of'bolus 10. In one embodiment, transmitter antenna 233 may
be capable of transmitting data at 900 MHz, and receiver
antenna 235 may be capable of receiving data at 900 MHz. In
another embodiment, transmitter antenna 233 and receiver
antenna 235 may be comprised of a single antenna (not
shown) used for both data transmission and reception.

[0038] Bolus 210 may comprise a processor 240 commu-
nicatively coupled to a memory unit 250. In one embodiment,
memory unit 250 may comprise machine readable instruc-
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tions 252 stored thereon. In this embodiment, processor 240
may read and execute machine readable instructions 252
stored on memory unit 250.

[0039] Processor 240 may be communicatively coupled to
each of sensors 220. Machine readable instructions 252
stored on memory unit 250 may specify a sensor sampling
frequency for each of the sensors 220. As used herein, a
sensor sampling frequency may determine how often a sensor
reading is obtained from a particular sensor 220. For example,
a sensor sampling frequency may define how often tempera-
ture sensor 222 obtains a temperature sensor reading or sen-
sor sample from the animal. The processor 240 may configure
one or more of sensors 220 with a sensor sampling frequency
specified by machine readable instructions 252. Alterna-
tively, one or more sensors 220 may be communicatively
coupled to memory unit 250 and may be configured to read a
sensor sampling frequency directly from the machine read-
able instructions 252.

[0040] Machine readable instructions 252 may specify a
sensor reading duration for each of sensors 220. As used
herein, a sensor reading duration may define the length of
time a particular sensor 220 may obtain a reading. For
example, a reading duration may define how long accelerom-
eter 221 reads animal movement and/or motion activity char-
acteristics. A reading duration may specify that accelerom-
eter 221 should read animal movement and/or motion activity
characteristics for one minute each time a sensor sample is
taken. Processor 240 may configure one or more of sensors
220 with a sensor reading duration specified by machine
readable instructions 252. Alternatively, one or more sensors
220 may be communicatively coupled to memory unit 250
and may be configured to read their sensor reading duration
directly from machine readable instructions 252.

[0041] Machine readable instructions 252 may specify cali-
bration information for one or more sensors 220. In this
embodiment, one or more sensors 220 may be tested to deter-
mine whether accurate readings are being returned. In the
event a particular sensor 220 is not returning accurate read-
ings, calibration data may be stored within memory unit 250
to rectify the readings to a correct value. In this embodiment,
sensor 220 may be communicatively coupled to memory unit
250 to allow a sensor 220 to read the calibration data there-
from. Sensor 220 may itself comprise a memory storage
location whereon such calibration information may be stored.
Machine readable instructions 252 may instruct processor
240 to transfer sensor calibration data stored within memory
unit 250 to the memory storage location of a particular sensor
220. In another embodiment, sensor 220 may not comprise a
memory storage location and may not be capable of reading
memory unit 250. As such, machine readable instructions 252
may configure processor 240 to apply calibration data stored
within memory unit 250 to readings returned by sensors 220.
[0042] Machine readable instructions 252 may specify that
one or more sensors 220 should be deactivated in order to
reduce the power consumed by bolus 210. Processor 240 may
be communicatively coupled to sensors 220 and may be
capable of configuring and/or controlling one or more of
sensors 220. Machine readable instructions 252 may specify
that one or more sensors 220 should be re-activated.

[0043] Processor 240 may be communicatively coupled to
sensors 220 and may control the operation and configuration
of'sensors 220. Processor 240 may poll one or more of sensors
220 at a polling interval (i.e., polling frequency) specified by
machine readable instructions 252 stored in memory unit 250.
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As used herein, polling a sensor refers to obtaining measure-
ment data from one or more sensor 220. Polling a sensor may
comprise processor 240 sending a query to a sensor 220, and
responsive to this query, sensor 220 may obtain and return to
processor 240 the sensor reading. For example, temperature
sensor 222 may respond to polling by reading and returning
the current animal temperature. In another embodiment, poll-
ing a sensor may comprise causing processor 240 to read the
current sensor value from a sensor 220. In another embodi-
ment, one or more sensors 220 may be configured to store
sensor measurements on memory unit 250. One or more
sensors 220 may be configured with a sensor sampling fre-
quency that is greater than the polling frequency of processor
240. As such, sensors 220 may store multiple sensor sam-
plings on memory unit 250 between polling intervals of pro-
cessor 240. Accordingly, polling a sensor 220 may comprise
processor 240 reading all of the sensor readings stored on
memory unit 250 for each of the one or more sensors 220.
[0044] In another embodiment, sensor 220 may alterna-
tively comprise a memory storage location to store sensor
samples. In this embodiment, processor 240 may poll sensor
220 by reading a sensor 220 storage location. In another
embodiment, sensor 220 may have a sensor reading duration
to allow sensor 220 to measure animal characteristics over
time (e.g., an accelerometer sensor 221). Sensor 220 may
store such measurements on an internal sensor storage loca-
tion or on memory unit 250. The processor 240 may poll such
a sensor by reading memory 250 or the internal storage loca-
tion of the sensor 220. In this embodiment, processor 240 may
be configured to pre-processes the measurement data before
transmission. Such preprocessing may comprise calculating a
measurement characteristics, such as mean, standard devia-
tion, etc., compressing the data, and the like. As such, the
preprocessing may reduce the amount of data transmitted to
the base station (not shown) and thereby reduce power and RF
transmission requirements.

[0045] In addition to transmitting animal characteristics
obtained by one or more bolus 210 sensors 220, bolus 210
may be configured to transmit bolus 210 status information
including, but not limited to: power available in power source
260; status of sensors 220, processor 240 and/or memory unit
250, or the like. A base station (not shown) may use this status
information to alert an animal manager to a possible problem
with the bolus 210 (e.g., power source 260 about to expire,
etc.).

[0046] It should be understood that bolus 210 may com-
prise sensors 220 having any number of sampling or measure-
ment storage techniques and that processor 240 may be con-
figured by machine readable instructions 252 to poll sensors
220 having such various sampling or measurement storage
techniques.

[0047] Machine readable instructions 252 may specify a
polling frequency for each sensor 220 or may specify a com-
mon polling internal all or a sub-set of sensors 220. As used
herein, a polling frequency may specify how often processor
240 polls one or more sensors 220.

[0048] In one embodiment, machine readable instructions
252 may define conditions under which the polling frequency
associated with one or more sensors 220 may change. For
example, machine readable instructions 252 may instruct pro-
cessor 240 to increase the polling frequency and/or sensor
sampling frequency of a temperature sensor 222 in the event
that the animal temperature exceeds a threshold value.
Instructions 252 may instruct processor 240 to decrease the
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polling frequency and/or sensor sampling frequency of the
temperature sensor 222 if the animal temperate is maintained
below the threshold value. Processor 240 may adapt the poll-
ing frequency and/or sensor sampling frequency to changing
animal health conditions so that potential health risks and/or
other changes in animal health state may be recognized as
soon as possible while minimizing extraneous sensor mea-
surements and message transmissions. The frequency of sen-
sor 220 polling transmission may be configured to change
according to animal location. For example, the processor 240
may increase a polling and/or transmission frequency when
the animal is in the vicinity of a calving pen and/or hospital
pen, and may decrease the polling and/or transmission fre-
quency when the animal is moved out of the pen. Similarly,
the sensor polling and/or transmission frequencies may be
configured to vary depending an animal schedule. For
example, bolus 210 may be configured to transmit measure-
ments during animal milking time (e.g., three (3) times per
day).

[0049] In one embodiment, processor 240 may transmit
sensor measurements obtained by polling sensors 220 via
data transmitter 232. In one mode of operation, processor 240
may form a message comprising the measurements as sensor
220 readings are obtained (after polling the one or more
sensors 220). Such a message may be referred to as an animal
characteristics message and may be comprised of the sensor
readings obtained by polling one or more sensors 220. This
operational mode may be referred to as “instantaneous” mode
since sensor readings are transmitted as they are polled by
processor 240. In another mode of operation, processor 240
may not immediately transmit the sensor readings polled
from sensors 220, but instead store them on memory unit 250.
In this mode, machine readable instructions 252 may specify
a transmission internal, wherein processor 240 may transmit
an animal characteristics message comprising some or all of
the measurements stored in memory unit 250 at each trans-
mission interval. This operational mode may be referred to as
“burst” mode since sensor 220 readings are transmitted as
periodic bursts rather than when sensor polling takes place.
Operation in “burst” mode may reduce the power consumed
by bolus 210 by reducing the number of transmissions sent
from data transmitter 232.

[0050] In one embodiment, messages transmitted via data
transmitter 232 of communications unit 230 may comprise a
media access control (MAC) value. A MAC may be a six (6)
or three (3) byte value used to uniquely identify messages
originating from a particular bolus 210. A MAC address may
also be used by data receiver 232 and/or processor 240 to
identify messages intended for bolus 210. As such, receiver
232 and/or processor 240 may disregard any incoming mes-
sages having a MAC address other than its own, obviating the
need to time-slice or otherwise manage wireless traffic
between bolus 210 and a base station or other wireless device.
MAC addressing to route and control network messages is
generally known within the networking arts.

[0051] Inoneembodiment, a programmable unique animal
identifier (UAID) may be stored on memory unit 250. In this
embodiment, the UAID may be used to associate a bolus 210
with a particular animal. The UAID value may be transmitted
with some or all of the messages originating from a particular
bolus 210, allowing the receiver of such messages to associate
the received data with a particular animal.

[0052] Inoneembodiment, the bolus memory unit 250 may
comprise read-only storage 254. Read-only storage 254 may
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be a Programmable Read-Only Memory (PROM), Erasable
Programmable Read-Only Memory (EPROM), Electrically
Erasable Programmable Read-Only Memory (EEPROM), or
the like. In this embodiment, a unique bolus identifier value
(UBID) may be stored within the read-only storage 254. The
UBID value may be transmitted with some of all of the
messages transmitted from the bolus 210. In this embodi-
ment, the UBID may provide a tamper-proof identifier to
uniquely identify a particular bolus 210.

[0053] Inone embodiment, communications unit 230 may
detect whether bolus 210 is within range of a receiver, such as
abase station (not shown) or transceiver (not shown). Proces-
sor 240 may cause communications unit 230 to transmit a
discovery message at a set interval. This simple message may
be referred to as a “ping” and may include one or more of the
unique identifiers associated with a particular bolus 10 (e.g.,
a MAC, UAID, and/or UBID). A base station or transceiver
receiving the ping message may be configured to send a short
reply message indicating that the ping message was received.
Inthis way, processor 240 may know that it is within wireless
range of a base station or transceiver. Upon receipt of a reply
message, bolus 210 may be configured to be in “on-line”
mode. If bolus 210 does not receive a reply message within a
threshold period of time, it may transmit additional ping
messages. If a threshold number of retry ping messages have
been sent without a reply, bolus 210 may be configured to be
in “off-line” mode. Machine readable instructions 252 may
include instructions to be executed by processor 240 corre-
sponding to “on-line” and/or “off-line” mode.

[0054] Alternatively, communication module 230 may be
configured to listen for, rather than transmit, the ping discov-
ery messages discussed above. In this embodiment, a base
station (e.g., base station 40 of FIG. 1), may be configured to
transmit periodic ping messages. Upon receiving one of these
messages through communication module 230, processor
240 may cause bolus 210 operate in “on-line” mode and, if no
ping messages are received for a threshold time period, pro-
cessor 240 may cause bolus 210 to operate in “off-line mode.”
This may allow bolus 210 to conserve power and may reduce
RF interference potentially caused by transmitting periodic
ping messages.

[0055] In “on-line” mode, bolus 210 may transmit animal
characteristics messages at the “online” transmission fre-
quency specified by machine readable instructions 252. As
discussed above, such messages may be transmitted as pro-
cessor 240 polls sensors 220, or may be transmitted at a
periodic transmission interval. The receiver of such messages
may be configured to respond with a confirmation message.
The confirmation message may be used in the place of a
separate ping message in order to decrease the message traffic
between bolus 210 and the receiver.

[0056] In “off-line” mode, bolus 210 may decrease trans-
mission frequency of messages according to machine read-
able instructions 252. Additionally, while in “off-line” mode,
machine readable instructions 252 may direct processor 240
to deactivate certain sensors 220 in order to conserve power.
In “off-line” mode, bolus 210 may continue sending “ping”
messages in order to discover when bolus 210 comes back
into range of a base station or transceiver unit. In this sense,
data transmitter 232 of bolus 210 may be considered to be an
active transmitter since bolus 210 may actively transmit ani-
mal characteristic messages and may actively detect when a
base station or transceiver is in wireless communications
range. Bolus 210 may actively transmit animal characteristics
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and/or detect wireless communications without requiring
interrogation by an external source.

[0057] In one embodiment, bolus 210 may receive new
and/or modified machine readable instructions 252 via data
receiver 234 of wireless communications unit 230. Such
received instructions may comprise changes to the operation
of sensors 220 and/or processor 240 including: sensor sam-
pling frequency; sensor reading duration; sensor activation
status; sensor calibration data; processor polling frequency;
processor operational mode (i.e., “instantaneous” or “burst);
and the like.

[0058] The embodiment of FIG. 2 may comprise power
source 260 coupled to each of sensors 220, communications
unit 230 including data transmitter 232 and data receiver 234,
processor 240, memory unit 250, and any other power-con-
suming component of bolus 210. Power source 260 may
comprise a battery energy storage device 262, such as a
lithium ion battery, lead acid battery, nickel cadmium battery,
or the like. In another embodiment, power source 260 may
comprise a generator 264. In one embodiment, generator 264
may be a piezoelectric generator or mass/alternator generator
to generate power from the movement or vibration of bolus
210 within a host animal. In another embodiment, generator
264 may be a heat-activated generator to generate electrical
energy from the body heat of a host animal. In some embodi-
ments, generator 264 may be disposed outside of the bolus
enclosure 205. Power source 260 may comprise both battery
power storage 262 and generator 264; in this embodiment,
power generated by power generator 264 may be stored in
battery power storage 262.

[0059] Referring again to FIG. 1, one or more bolus 10, 20
may be in wireless communication with a base station 40. As
such, bolus 10, 20 may periodically transmit animal charac-
teristics messages to the base station 40. Base station 40 may
be communicatively coupled to and/or may comprise a gen-
eral and/or special purpose computing device 42. This com-
puting device 42 may be configured to create one or more
animal profiles associated with one or more animals 12, 22.
The device may be further configured to compare any animal
characteristics messages to one or more stored animal pro-
files. As a result of this comparison, the computing device 42
may modify the configuration of the bolus 10, 20 (e.g.,
modify the bolus 10, 20 polling frequency, sample time,
transmission time or the like), may detect a health condition
in an animal 12, 22 (e.g., detect an estrus and/or off-feed
condition in an animal 12, 22), establish a profile and/or
baseline characteristics for an animal 12, 22 or group of
animals, or the like.

[0060] Turning now to FIG. 3a, one embodiment of an
animal information data structure 310 is depicted. In the FIG.
3a embodiment, an animal information data structure 310
may comprise animal-identifying information 315. Such
information may comprise a unique bolus identifier (UBID)
of a bolus and/or sensor associated with animal, a unique
animal identifier (UAID), and/or a media access control
(MAC) value associated with the bolus and/or sensor. As
discussed above, these values may be stored in and/or asso-
ciated with a bolus and/or sensor associated with the animal.
Animal profile 310 may comprise any other animal identify-
ing information known in the art (e.g., an animal name, group
breed and/or sex indicator, or the like).

[0061] As discussed above, animal characteristics mes-
sages transmitted from a bolus and/or sensor (not shown) may
comprise one or more of the identifiers discussed above (e.g.,
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UBID, UAID, MAC, or the like). As such, a recipient of the
animal characteristics message may be able to associate the
message with an animal information data structure 310 using
the animal-identifying information 315. For example, in one
embodiment, one or more animal information data structures
310 comprising identifying information 315 may be stored
and/or managed in a relational database implementing a
query language, such as Structured Query Language (SQL).
In this embodiment, identifying information 315 may be used
as akey (i.e., SQL primary key) into a particular record (i.e.,
animal information record 310) in the relational database.
This may allow a particular animal information data structure
310 to be obtained from one or more animal identifier(s) 315.
In alternative embodiments, identifying information 315 may
be used in other ways to obtain animal information data
structure 310. For instance, in an embodiment using a light-
weight directory protocol (LDAP) data storage system, iden-
tifying information 315 may comprise directory naming
information and/or LDAP search parameters. One skilled in
the art would recognize that the animal information data
structure 310 of this disclosure should be stored and/or man-
aged using any data storage and/or management technique
known in the art. As such, this disclosure should not be read as
limited to any particular data storage and/or management
technique.

[0062] Animal information data structure 310 may com-
prise an animal-specific profile 320. Animal-specific profile
320 may comprise profile information relating to a particular
animal. Animal-specific profile 320 may comprise one or
more animal health-condition patterns 322 including, but not
limited to, a nominal (i.e., normal and/or healthy) heath-
condition pattern 325, an estrus health-condition pattern 330,
an off-feed health-condition pattern 335, and the like. Each
animal health-condition pattern 322 may comprise one or
more animal characteristic models corresponding to a health
condition (e.g., movement 326, temperature 327, stomach pH
328, etc.)

[0063] Each animal health-condition pattern 325, 330, 335
may comprise one or more animal characteristic models cor-
responding to the health condition. The animal characteristic
models may relate to any measurable animal characteristic
(i.e., any characteristic the bolus and/or sensor are capable of
measuring). For instance, FIG. 3a depicts nominal animal
health-condition pattern 325 as comprising, inter alia, an
animal movement model 326, animal temperature model 327,
and a stomach pH model 328. Models 326, 327, 328 may be
statistical models created by observing the animal when
known to be in a nominal health condition (e.g., when
healthy). A process for generating models, such as 326, 327,
and 328, is discussed in detail below in conjunction with FIG.
4. The animal characteristic models of animal information
data structure 310 may allow the system to detect a particular
animal health condition. For example, the nominal health
condition 325 may be detected if measured animal character-
istics correspond to animal characteristic models 326, 327,
328 within a health condition detection threshold.

[0064] Animal information data structure 310 may com-
prise a group profile 340. Group profile 340 may comprise
animal profile information relating to a particular group of
animals (e.g., animals in a particular feedlot or dairy). Ani-
mals in a group may exhibit one or more common character-
istics. For example, the animals in the group may have a
common schedule (e.g., fed at a particular time and/or milked
or otherwise processed on a particular schedule). As such, the
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animals in the group may exhibit increased movement activ-
ity during these common feeding and/or processing occur-
rences. Other animal characteristics may vary depending
upon group behavior. For instance, an animal may experience
short-term, measured, temperature drops during watering.
This may occur since the bolus temperature sensor may be
disposed in the animal’s stomach. As the animal drinks, its
measured body temperature may be reduced for a short time.
[0065] A group profile 340 may be useful where an animal
manager has only created animal-specific profiles for only a
few of the animals in a particular group (e.g., an animal
sub-set). This may occur since generating an animal profile
may require monitoring the animal over time, and animals
may come and go from a particular group before a profile may
be developed. In addition, the animal manager may find that
a group profile detects animal health conditions with suffi-
cient accuracy, and the development of animal specific pro-
files may be unnecessary. Moreover, since the group profile
data may comprise data from a number of different animals
over a relatively long time period (compared to a particular
animal in the group), a group profile may yield better results
and/or represent a simply low-cost alternative to generating
animal-specific profiles 320 for all the animals in a particular
group.

[0066] Although group profile 340 is depicted as part of
animal information data structure 310, one skilled in the art
would recognize that since group profile 340 may contain
data common to multiple animal information data structures
310, its inclusion in an animal information data structure 310
may be implemented as a link, reference, or any other indirect
data relation technique known in the art to avoid unnecessary
replication of group profile 340 data.

[0067] As with the animal specific profile 320 discussed
above, group profile 340 may comprise one or more animal
health-condition patterns 342. Heath-condition patterns 342
may correspond to various animal health conditions includ-
ing, but not limited to: a nominal 345 pattern; an estrus 350
pattern; an off-feed 355 pattern; a colic 360 pattern; an out-
of-enclosure 365 pattern (i.e., detect that the animal as left the
group enclosure/pen); and the like. As discussed above, each
health-condition pattern 342 may comprise one or more ani-
mal characteristic statistical or other models relating one or
more animal characteristics to the health condition. For
example, the out-of-enclosure pattern of 365 may comprise
an animal position model (e.g., geofence) indicating that if
the animal is outside of a particular area, the animal is outside
of the enclosure defined for a particular animal group. Group
profile 340 may comprise nominal health-condition pattern
345 comprised of a movement 346 and stomach pH 347
animal characteristic models and off-feed pattern 355 may
comprise temperature 351 and stomach contractions 352 ani-
mal characteristic models.

[0068] Animal information data structure 310 may com-
prise a breed/sex profile 370. Animal breed/sex profile 370
may comprise health-condition patterns 372 common to a
particular breed and/or sex of animal (e.g., Holstein dairy
cows). Animals of a particular breed and/or sex may experi-
ence similar physiological markers when in a particular
health condition. For example, Holstein dairy cows may have
common baseline characteristics (e.g., movement, stomach
pH, temperature, etc.). As such, a breed/sex profile may
include a nominal health-condition pattern 375. Similarly,
animals of a particular breed/sex may exhibit common estrus-
condition characteristics. For example, Holstein dairy cows
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may experience, inter alia, a one (1) degree Fahrenheit
increase in body temperature and increased movement activ-
ity when in an estrus health condition. Accordingly, breed/sex
profile 370 may comprise an estrus health-condition pattern
380 comprising an animal temperature characteristic model
381 and animal movement characteristic model 382 reflect-
ing these changes. Animal breed/sex profile 370 may com-
prise a nominal health-condition pattern 375 comprised of
temperature 376 and stomach pH 377 animal characteristic
models and estrus health-condition pattern 380 comprised of
temperature 381 and movement 382 animal characteristic
models.

[0069] A breed/sex profile 370 may be useful where an
animal manager is responsible for a large number of animals
and generating an animal-specific and/or group profile is not
efficient and/or a breed/sex profile is sufficiently effective at
detecting animal health conditions. Moreover, a breed/sex
profile 370 may be well developed since it may comprise
animal characteristic data from a large number of animals
observed over relatively long time period. Furthermore, a
breed/sex profile 370 may be available from a third party
(e.g., the animal monitoring system provider) and may be
ready foruse immediately, whereas an animal-specific profile
320 and/or group profile 340 may require an initialization and
setup period for generating animal health condition models.
[0070] An animal information data structure 310 according
to the teachings of this disclosure may comprise all three
profiles 320,340, 370, and/or a subset of one (1) ortwo (2) of
the profiles 320, 340, and 370, or additional profiles (e.g., an
animal regional profile (a profile corresponding to animals in
a particular region), or the like). For example, where an ani-
mal is newly integrated into a herd and/or group, an animal
information data structure 310 associated with the animal
may only comprise a group profile 340 and breed/sex profile
370, until the animal has been observed and animal-specific
data gathered. In other cases, where the animal is not expected
to be a member of the group and/or herd for a significant
amount of time, an animal-specific profile 320 for the animal
may never be generated.

[0071] Although, FIG. 3a depicts several animal health
conditions (e.g., nominal, estrus, off-feed, colic, out of enclo-
sure, etc.), one skilled in the art would recognize animal
information data structure 310 may comprise animal health
condition patterns corresponding to any animal health condi-
tion including, but not limited to: animal stress; lameness;
richness of feed; conception; calving or the like.

[0072] A particular animal, group of animals, and/or breed
may exhibit increased movement activity when stressed.
Stress may be caused by various factors, including being
integrating an animal into a group after calving, moving the
animals, environmental conditions, harassment by other ani-
mals or humans, or the like. When stressed, the animal(s) milk
production and/or weight gain may decrease. If the stress
condition persists, an animal manager may wish to move the
animal into another enclosure or otherwise address the source
of the stress. Accordingly, a stressed animal health-condition
pattern may be developed to detect a stressed animal based on
its movement characteristics.

[0073] Data structure 310 may further comprise an animal
health-condition pattern corresponding to animal lameness.
Reduced animal movement activity may indicate that the
animal has become lame. An animal manager may wish to
detect such a condition to save the animal and/or prevent it
from becoming permanently lame. For example, if the lame-
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ness is caused by a wound, the condition may worsen over
time, may become infected, and/or may pose a serious risk to
the animal. Accordingly, a lame animal health-condition pat-
tern may be developed to detect a lame animal based on its
movement and/or motion activity characteristics.

[0074] A richness of feed condition may be detected by
modeling an average temperature of a ruminant animal’s
stomach. For some animals and animal breeds, the “richness”
of feed (e.g., the corn content of the feed) may affect the
animal’s internal stomach temperature. A feed that is too rich
may result in a high internal temperature and may “burn out”
the animal, which may reduce animal weight gain and/or
animal milk production. Accordingly, a “rich feed” animal
health-condition pattern may be developed to detect feed
richness problems to thereby allow an animal manager to
modify the feed formulation.

[0075] Asdiscussed above, an animal health-condition pat-
tern may be used to detect an animal estrus health-condition.
Additional patterns may detect other reproductive changes in
the animal. For example, a “conception” pattern may detect
an end to an animal’s estrus cycle. In some animals, upon
conception, the animal’s internal temperature may drop and
its movement and/or motion activity characteristics may
change. As such, a conception animal health-condition pat-
tern may be developed to detect this condition. Similarly,
birthing (i.e., calving) may cause changes to movement and/
or motion activity, temperature, and stomach contraction
activity. Accordingly, a birthing health-condition pattern may
be developed to detect conception and/or birthing activity in
the animal.

[0076] Turning now to FIG. 3b, one embodiment of a
health-condition pattern 335 and corresponding animal char-
acteristic model 337 is depicted. The heath-condition pattern
335 depicted in FIG. 35 may correspond to an off-feed health
condition. Off-feed health-condition pattern 335 may com-
prise animal characteristics models 336 and 337 correspond-
ing to animal temperature 336 and stomach contractions 337
respectively. As discussed above, animal drinking behavior
may be detected by monitoring a periodic, temporary drop in
internal temperature due to drinking activity (e.g., as the
animal drinks, water may enter the animal’s stomach, causing
a drop in measured animal temperature). In addition, while
on-feed, a ruminant animal may experience approximately
three stomach contractions per minute. Changes to these ani-
mal characteristic models may be captured in an off-feed
animal-condition pattern 335. For example, the temperature
336 model of the off-feed health condition pattern may omit
some or all of the temporary temperature dips expected due to
drinking. As such, rather than modeling an expected value of
animal temperature, temperature model 336 may model the
temporary temperature dips due to drinking activity. Simi-
larly, off-feed stomach contraction model 337 may model a
reduction in the expected rate of stomach contractions and/or
may comprise an inverse probability model of nominal
behavior (e.g., three contractions per minute).

[0077] The temperature 336 and stomach contractions 337
animal characteristic models may comprise one or more sta-
tistical models (336B and 337B). For example, temperature
model 336 may comprise one or more statistical models
337B, and stomach contractions model 336 A may comprise
one or more statistical models 337B.

[0078] Thestatistical model(s) associated with temperature
336 and stomach contractions 337 may be circadian, in that a
24-hour cycle is monitored. A circadian profile may be used
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since animal behavior, and corresponding animal character-
istics, may differ significantly during the day. For example, an
animal may sleep during evening hours and, as such, may not
drink nor exhibit periodic temporary temperature drops due
to the drinking. As such, different models may be used to
monitor animal behavior depending on the time of day (e.g.,
a circadian model). Similarly, stomach contractions may dif-
fer depending upon the time of day. For example, if the
animals are fed at a particular time, contraction activity may
increase during that time. Similarly, while the animal is sleep-
ing, contraction activity may change.

[0079] FIG. 3b depicts one embodiment of a statistical
model 337B to model off-feed animal stomach contraction
behavior. Stomach contraction model 337B may comprise a
plurality of normal (i.e., Gaussian) probability distributions.
The distributions may correspond to different times of day to
create a circadian profile of stomach contraction behavior.
[0080] Where a normal distribution is used, each statistical
model of 337B may comprise a mean p 337B.1 and standard
deviation 0337B.2. Animal stomach contraction activity may
be mapped onto the stomach contractions-per-minute axis
303. This axis 303 may then yield a probability value depicted
on probability axis 305. The resulting probability may be the
probability that the observed stomach contraction character-
istic data was produced by an animal having and/or in an
off-feed health condition. Where a normal distribution 301 is
used, this probability may be calculated using a normal prob-
ability density function according to Equation 1.3:

Eq. 13
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[0081] In Equation 1.3, x may represent the observed ani-
mal movement and/or motion activity characteristics, u may
represent the mean of an off-feed stomach contractions model
337B.1, and a may be the standard deviation of the estrus
movement model 337B.2. In an alternative embodiment,
model 337B may model nominal behavior (e.g., three con-
tractions per minute); as such, the resulting probability may
be inverted to determine a probability that the animal is off-
feed.

[0082] One skilled in the art would recognize that other
statistical models could be used under the teachings of this
disclosure including, but not limited, to: a Rayleigh distribu-
tion; chi-square distribution; Cauchy distribution; or the like.
In addition, other pattern matching techniques could be used
including, but not limited to: abstract tree matching; Baysian
pattern matching; regular expression matching; or the like. As
such, this disclosure should not be read as limited to any
particular distribution type and/or pattern matching tech-
nique.

[0083] As depicted in FIG. 35, a health condition pattern
335 may comprise a proportional weight 335A.. Proportional
weight 335A may define a proportional weight for the health
condition pattern 335 relative to other health condition pat-
terns in other profiles (e.g., group 340 and/or breed/sex 370
profiles). For example, off-feed health condition pattern 335
may be part of an animal-specific profile 320. Group profile
340 may include an off-feed health condition pattern 355 as
may breed/sex profile 370 (not shown). When detecting an
animal health condition, the animal health condition profiles
from each of the animal-specific profile 320, group profile

Jul. 23,2009

340, and breed/sex profile 370 may be used. Each health
condition pattern may yield a probability for the same health
condition. For instance, for the nominal health condition, the
animal-specific profile 320 may yield a nominal health-con-
dition 325 probability P s o the group profile 340 may
yield a nominal health-condition 345 probability P; ... and
the breed/sex profile may yield a nominal health-condition
375 probability Pg n..- On overall nominal health-condition
probability, P, ., may be calculated by averaging the indi-
vidual profile probabilities per Equation 1.4:

1 Eq. 14
Pprom = §(PAS,Nam + PgNom + PBs,Nom)

[0084] Alternatively, the probabilities of each profile may
be proportionately weighed. Such proportional weighing
may be used where a particular animal profile (e.g., animal-
specific profile) is thought to a better predictor of the health
condition. In this case, the overall probability P, may be
calculated per Equation 1.5:

1 Eq. 1.5
Prom = 3 (Was Nom P as Nom + W Nom PG Nom + WSgs, Nom PBs,Nom)

[0085] In Equation 1.5, W 5 n,,, may be the proportional
weight given to the nominal health condition pattern 325,
W 6 nvom May be the proportional weight given to the nominal
health condition pattern 345, and Wy A, may be the pro-
portional weight given to the breed/sex nominal health con-
dition pattern 375.

[0086] Referring again to FIG. 35, each animal character-
istic model 336 and 337 of a particular health condition pat-
tern 335 may comprise a proportional weight for the charac-
teristic (336A, 337A). These weights may be used where a
particular animal characteristic is deemed to be a better indi-
cator and/or predictor of a particular health condition. For
example, in FIG. 35, stomach contractions 337 may be found
to be a better predictor of an off-feed condition 335 than
temperature 336. As such, the weight 336 A may be propor-
tionally greater than weight 337A. As described above, where
the weights are equal (or not used), the probability of a par-
ticular health condition may be calculated per Equation 1.6:

1 Eq. 16
P s 0f -Feed = Q(P Temp,0ff - feed + P Contract 0ff- fezd)

[0087] In Equation 1.6, the probability of the animal-spe-
cific profile 320 off-feed health-condition pattern 335, P
og-feed, may be calculated as an average of the temperature
336 and contractions 337 probabilities. Where weights are
used, the temperature probability Py, oz .., and contrac-
tions probability Pc,,,.ucr. 02 MAy be scaled by a propor-
tional weighing factor substantially as shown above in Equa-
tion 1.5.

[0088] Referring again to FIG. 3a, a particular animal char-
acteristic model (e.g., stomach contractions model 337) may
comprise multiple models to comprise a circadian model
(e.g., models covering time period such, as a day). An animal
characteristic model may comprise additional, animal char-
acteristic models corresponding to other factors, such as the
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time of year, season, or the like. For example, the animal
movement and/or motion activity, such as nominal animal
movement model 346 in group profile 340, may be circadian
and, as such, may comprise a movement profile for each hour,
or other time period, in a given day to take into account the
animal’s routine (e.g., sleep, feeding, and/or processing
schedule). In addition, movement model 346 may vary
depending upon ambient conditions. For example, when the
ambient temperature is low or high, the animal’s movement
profile may differ. Similarly, weather conditions may affect
animal movement and/or motion activity. As such, movement
model 346 may comprise various statistical movement mod-
els developed for each of these differing conditions.

[0089] Animal information data structure 310 may further
comprise monitor settings 385. Monitor settings 385 may
comprise health condition settings 386. Health condition set-
tings 386 may comprise a probability detection threshold and
time threshold associated with each animal health condition
(e.g., may define a minimum probability and a minimum time
the probability must be maintained in order to detect a par-
ticular health condition). In addition, health condition set-
tings 386 may comprise directives to define actions to be
taken by an animal-monitoring system upon detecting a par-
ticular health condition in an animal (e.g., immediately
notify/alert an animal manager, etc.). For instance, health
condition settings 386 may comprise a directive to alert the
animal manager via a text message, voice message, email,
audible alert, or the like if an animal goes off-feed, enters or
exits an estrus condition, or the like. For less critical health
conditions (e.g., nominal), health condition settings 386 may
notinclude a notification and/or alerting directive. As with the
group 340 and breed/sex 370 profiles, health condition set-
tings 386 may be shared across multiple animal information
data structure 310. As such, health condition settings 386 may
be indirectly referenced and/or linked to animal information
data structure 310.

[0090] Monitor settings 385 may comprise sensor settings
387. Sensor settings 387 may include information relating to
the sensor and/or bolus associated with the animal data struc-
ture 310. Such information may include the operational mode
of'the bolus (e.g., burst and/or instantaneous mode), a polling
frequency of the bolus and/or bolus sensors, a sampling fre-
quency of the bolus and/or sensors, a sensor read duration of
the bolus sensors, sensor calibration data, and the like.

[0091] Monitor settings 385 may comprise animal state
data 388. Animal state data 388 may include information
relating to the current health condition(s) of the animal (e.g.,
nominal, estrus, off-feed, out-of-enclosure, or the like). In
addition, animal state data 388 may include past sensor read-
ings and/or past health condition probabilities and probability
durations (i.e., how long a particular probability has been
maintained at a particular level). Such information may be
used by the animal health condition, monitoring system in
detecting one or more health conditions. For example, detect-
ing some animal health conditions may require that certain
animal characteristics be maintained for a threshold time
period before the associated health condition is detected.
Animal state data 388 may further be used to detect animal
health condition changes. For example, animal state data 388
may indicate that an animal is in an estrus state. If the moni-
toring system subsequently detects that the animal is in a
nominal (i.e., non-estrus condition), the system may detect
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the change, and the health condition settings 386 discussed
above may direct that an animal manager be notified and/or
alerted to the change.

[0092] Although animal information data structure 310 is
depicted as a block data structure, such as those used in a
relational data base, one skilled in the art would recognize
that there are other ways of storing, representing, and man-
aging such data known in the art, any of which could be used
under the teachings of'this disclosure. As such, this disclosure
should not be read as limited to any particular data represen-
tation, storage, and/or management technique.

[0093] Turning now to FIG. 4, a block diagram of a system
400 for monitoring a health condition of an animal is
depicted. System 400 may comprise a base station 440 in
wireless communication with a bolus 410 disposed within an
animal 412. Base station 440 may comprise an animal moni-
tor service 442 and/or may be communicatively coupled to
animal monitor service 442. Animal monitor service 442 may
comprise a general or special purpose computing device. As
such, animal monitor service 442 may comprise an applica-
tion running in conjunction with a computer operating system
(OS), such as Microsoft® Windows™, Linux®, Apple
OS.X®, orthe like. The general or special purpose computing
device of animal monitor service 442 may comprise an input/
output (I/0O) system comprising a display, audio output,
pointer input, keyboard input, or the like.

[0094] Messages wirelessly received from bolus 410 by
base station 440 may be sent to communication interface 450
of animal monitor service 442, and messages sent to bolus
410 through communication interface 450 of animal monitor
service 442 may be wirelessly transmitted to bolus 410 by
base station 440.

[0095] Communication interface 450 may be in communi-
cation with base station 440 and a network 415. Network 415
may comprise any communications network known in the art
including, but not limited to: a local area network (LAN); a
wide area network (WAN); a Wireless Fidelity® and/or Wi-Fi
network; a cellular telephone network; a PSTN network; an
RF network; a radio network; the Internet; or the like. Accord-
ingly, it should be understood that this disclosure, and spe-
cifically network 415, is not limited to any particular com-
munication method and/or protocol and that the teachings of
this disclosure may be implemented using any communica-
tions method and/or protocol known in the arts. In addition,
network 415 may comprise a combination of various network
communication systems and/or protocols. As such, network
415 should not be read as limited to any single network
communication infrastructure and/or protocol.

[0096] Animal monitor service 442 may comprise a profile
generator module 455. Profile generator module 455 may
establish, update, and otherwise manage animal information
data structures per FIGS. 3a and 35 and, in particular, estab-
lish animal profiles and health-condition patterns. One
embodiment of a process for generating and/or updating an
animal-specific, group, and/or breed sex profile and related
health-condition patterns is described below in conjunction
with FIG. 5.

[0097] Animal monitor service 442 may comprise health-
condition monitor module 460. Health-condition monitor
module 460 may monitor animal characteristics received
from bolus 410 and compare the received characteristics to
one or more animal profiles and related health condition
patterns stored, created, and/or managed by profile generator
455 and stored in profile storage 465 (e.g., an animal infor-
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mation data structure 310 of FIG. 3a). Health-condition
monitor module 460 may be communicatively coupled to
communication interface 450. User preferences associated
with one or more animal health conditions may specify that,
upon detecting the health condition in an animal, an animal
manager should be notified. Upon detecting such a health
condition, health-condition monitor 460 may send an alert to
an animal manager via communications interface 450. In
addition, detecting animal characteristics within a certain
threshold of an animal health condition may require the con-
figuration and/or settings of bolus 410 to be changed (e.g.,
increase and/or decrease the polling frequency, operational
mode, sensor configuration, or the like). As such, health-
condition monitor module 460 may use communication inter-
face 450 to send bolus configuration messages to bolus 410
via base station 440.

[0098] Profile storage 465 may comprise data storage
means for storing one or more animal information data struc-
tures and associated animal profiles, health condition pat-
terns, and animal characteristics models. The data stored
therein may correspond to the animal information data struc-
ture described above in conjunction with FIGS. 3a and 35.
Profile storage 465 may comprise any data storage and
retrieval means known in the art including, but not limited to:
a fixed disk (e.g., hard drive); flash memory; optical memory;
a relational database; a flat file system; an XML database; an
X.509 directory; a lightweight directory access protocol
(LDAP) directory service; or the like. One skilled in the art
would recognize any data storage and/or retrieval mechanism
known in the art could be under the teachings of this disclo-
sure. As such, this disclosure should not be read as limited to
any particular data storage and/or retrieval system.

[0099] Animal monitor service 442 may comprise monitor
interface 470. Monitor interface 470 may allow an animal
manager, or other service 442 operator, to configure and
otherwise manage animal monitor service 442. As such,
monitor interface 470 may comprise an application interface.
Monitor interface 470 may be network and/or web-acces-
sible. As such, monitor interface 470 may be accessible via
network 415 and/or utilize I/O capabilities of the special or
general purpose computing system of animal monitor 442.
[0100] Turning now to FIG. 5, one embodiment of a method
500 for establishing an animal health condition pattern and/or
one or more associated animal characteristic models is
depicted. As discussed above, a base station according to the
teachings of this disclosure may comprise and/or be in com-
munication with a general and/or special purpose computing
device, such as a personal computer running OS. Accord-
ingly, the steps of the flow diagram 500 may be executed by a
computing device and/or comprise one or more computer
readable instructions to be executed by the computing sys-
tem. Such instructions may be stored on a computer readable
medium, such as a CD, fixed disk, memory unit, or the like.
Alternatively, the steps of flow diagram 500 (or the other flow
diagrams contained herein) may be performed in hardware,
such as in a state machine, field programmable gate array
(FPGA), application specific integrated circuit (ASIC), an
electrically erasable read only memory (EEPROM), or the
like.

[0101] Atstep 510, an animal characteristics message from
a bolus and/or sensor associated with an animal may be
received. The bolus may be disposed within the stomach (e.g.,
rumen and/or reticulum of a ruminant animal). The animal
characteristics message may be received wirelessly by one or
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more antennae communicatively coupled to a base station.
The base station may be configured to forward such messages
to process 500 running in conjunction with the general and/or
specific purpose computing device communicatively coupled
to the base station.

[0102] At step 520, an identifier may be obtained from the
animal characteristics message. In one embodiment, this step
may be performed by reading a unique identifier from the
message (e.g., a bolus identifier (UBID), unique animal iden-
tifier (UAID), media access control (MAC) value, or the like).
The identifier may be used to look-up the corresponding
animal information data structure in a data storage system
(e.g., relational database, flat-file, profile storage 465 of FIG.
4, etc.). The data obtained at step 520 may comprise an animal
information data structure described above in conjunction
with FIGS. 3a and 35.

[0103] Atstep 530, one or more animal characteristics may
be obtained from the animal characteristics message. As dis-
cussed above, such animal characteristics may comprise mea-
surements corresponding to the internal physiological state of
the animal (e.g., temperature, stomach contractions, stomach
pH, etc.) and/or measurements corresponding to other animal
characteristics (e.g., animal movement and/or motion activ-
ity, animal position, etc.). The animal characteristics obtained
at step 530 may comprise the instantaneous readings of one or
more bolus sensors if the source bolus is operating in “instan-
taneous” mode and/or may comprise a series of readings if the
source bolus is operating in “burst” mode.

[0104] At step 540, a control state of the animal may be
identified. The control state of step 540 may correspond to an
animal health condition discussed above in conjunction with
FIG. 3a. For example, the control state of step 540 may be a
nominal, off-feed, and/or estrus health condition, or the like
as discussed above in conjunction with FIG. 3a. The control
state of the animal may be specified by an animal manager
upon observing the animal. As such, the animal characteris-
tics obtained at 530 may be used to develop one or more
animal characteristics indicative of the identified control state
(e.g., estrus, off-feed, nominal, etc.).

[0105] At step 550, the animal characteristics obtained at
step 530 may be used to update one or more animal charac-
teristic models associated with the health condition, control
state of step 550. As discussed above, a health condition
pattern (e.g., nominal, off-feed, estrus, etc.) may comprise
one or more animal characteristic models (e.g., animal move-
ment and/or motion activity, stomach contractions, tempera-
ture, or the like). The models may be used to later detect the
animal health condition. Accordingly, the animal character-
istics of step 530 may be used to update the models of the
animal control state identified at 540. For example, if the
animal control state of step 540 is an estrus state, models
corresponding to animal movement and/or motion activity,
temperature, and the like may be updated. Updating may
comprise updating a statistical model associated with the
particular animal characteristic. As discussed above, animal
characteristics may be modeled using a probability distribu-
tion function, such as a normal (i.e., Gaussian) distribution.
Where a normal distribution is used, the animal characteris-
tics of step 540 may be used to calculate the distribution mean
w and standard deviation o.
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[0106] Equation 1.7 depicts one way of calculating a nor-
mal distribution mean:

1 & Eq. 1.7

[0107] Equation 1.7 may calculate a mean value p for the
animal characteristic. In Equation 1.7, x;, may represent an
animal characteristic obtained at step 530, and N may be the
number of samples comprising the model (i.e., the total num-
ber of animal characteristic samples obtained to that point).
Alternatively, the mean may be calculated incrementally per
Equation 1.8:

_ Nwpiy +x; Eq. 1.8
M= =NTD
[0108] InEquation 1.8, 1, , may represent the distribution

mean before inclusion of the current sample, x,, and p, may
represent the distribution mean after inclusion of x;.

[0109] The standard deviation of a normal distribution
model may be calculated per Equation 1.9:

N R P
o= N‘_g(xt—ﬂ)

[0110] In Equation 1.9, x, may be the current animal char-
acteristic value obtained at step 530, N may be the number of
samples currently comprising the model, and p may be the
model mean.

[0111] As discussed above in conjunction with FIG. 3a, an
animal information data structure may comprise and/or be
linked to an animal-specific profile, a group profile, and/or a
breed/sex profile. In this embodiment, the models corre-
sponding to the specific animal, group, and/or breed/sex may
be updated at step 550 in like fashion. Alternatively, where an
animal specific profile does not exist, only the animal group
profile and/or animal breed/sex profile may be updated at step
550.

[0112] At step 560, the flow may terminate and/or wait for
additional animal characteristics messages to be received at
step 510.

[0113] Turning now to FIG. 6, a flow diagram of one
embodiment of a method 600 for detecting a health condition
in an animal is depicted.

[0114] At step 610, an animal characteristics message may
be received. As discussed above, the computing device
executing the steps of method 600 may be communicatively
coupled to a base station according to the teachings of this
disclosure. The base station may be in wireless communica-
tion with one or more sensors and/or bolus monitoring one or
more animals. The base station may be configured to forward
messages comprising animal characteristics to method 600.
[0115] At step 620, an animal profile associated with the
message may be determined. As discussed above, the animal
characteristics message received at step 610 may comprise
one or more unique identifiers. The one or more identifier(s)
may be obtained from the message and used to lookup or

Eq. 1.9
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otherwise obtain an animal information data structure (i.e., a
data structure 310 depicted in FIG. 3a).

[0116] Atstep 630, one or more animal characteristics may
be obtained from the message. The animal characteristics of
step 630 may include one or more samples of one or more
internal physiological and/or other animal characteristics.
[0117] At step 640, the animal characteristics obtained at
step 630 may be compared against one or more animal health
condition patterns in one or more animal profiles (e.g., an
animal-specific profile, a group profile, and/or a breed/sex
profile). These profiles may be stored in and/or linked to
animal information data structure obtained at step 620. As
discussed above, an animal health condition may comprise
one or more animal characteristic models. Accordingly, the
comparing of step 640 may comprise comparing the animal
characteristics of step 630 to each of these animal character-
istic models to determine a probability that the animal has/is
in a particular health condition. The comparing may further
comprise combining the comparison results from an animal-
specific profile, group profile, and/or breed/sex profile where
such are available. The probabilities obtained from each com-
parison may be combined to form an overall probability that
the animal has/is in a particular health condition. This com-
bination may be proportionally weighted based upon the ani-
mal characteristics received and the corresponding animal
profiles comprising the comparison. One embodiment of a
process 700 for making the animal characteristics to health
condition comparison of step 640 is described below in con-
junction with FIG. 7.

[0118] At step 650, the result of the animal characteristics
to animal-condition comparisons may be evaluated to detect
one or more health conditions in the animal. Detecting an
animal health condition may comprise determining whether
the probability that an animal is in a particular health condi-
tion is above a probability detection threshold associated with
the health condition. The detecting may further comprise
determining whether the threshold has been maintained for a
threshold period of time (e.g., maintained for two (2) hours).
If so, method 600 may detect that the animal is in/has the
health condition. One embodiment of a method 800 for
detecting a health condition is described below in conjunction
with FIG. 8.

[0119] After identifying one or more animal health condi-
tions, the flow may continue to 660. At step 660, the animal
profile obtained at step 620 may be updated to reflect the
animal health condition(s) identified at step 650. In addition,
an animal manager may be alerted to the detected animal
health condition per settings in the animal information data
structure (e.g., health condition settings 386 of animal infor-
mation data structure 310 in FIG. 3a).

[0120] Turning now to FIG. 7, a flow diagram of a method
700 for comparing animal characteristics to one or more
health conditions defined in an animal profile is depicted.
Method 700 may comprise part of a method (e.g., method 600
depicted in FIG. 6) for detecting a health condition in an
animal.

[0121] At step 710, method 700 may loop through each
animal health condition in an animal information data struc-
ture. As discussed above, an animal information data struc-
ture may comprise one or more animal profiles including one
or more animal health condition patterns, such as nominal,
estrus, or the like. As such, at step 710, a list, or other data
structure, of animal health conditions in an animal profile
may be iterated such that steps 720-780 are preformed for
each health condition. Such a list may be maintained in an
animal information data structure (e.g., element 385, 386 of
animal information data structure 310 in FIG. 3a).
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[0122] At step 720, method 700 may loop through each of
the profiles in an animal information data structure. As dis-
cussed above, an animal information data structure may com-
prise one or more animal profiles, such as an animal-specific
profile, a group profile, a breed/sex profile, or the like. Each of
these profiles may comprise health condition model data
(e.g., nominal, estrus, off-feed, or the like). As such, method
700 may iterate over all of the available profiles to calculate
an overall probability that the animal has/is in a particular
health condition.

[0123] At step 730, method 700 may loop through each
animal characteristic model comprising a particular heath-
condition pattern. As depicted in FIG. 3a, a health condition
pattern of an animal profile may comprise one or more animal
characteristic models. For example, FIG. 3a shows an off-
feed health condition pattern 335 of animal-specific profile
320 comprising animal characteristic models for temperature
336 and contractions 337. Therefore, to calculate the prob-
ability the off-feed health condition 330 for the animal spe-
cific profile 320, each of the temperature 336 and contractions
models 337 must be evaluated. As such, at step 730, method
700 may iterate over each of the animal characteristic models
defined in the health condition pattern within the animal
profile of the animal information data structure.

[0124] At step 740, a received animal characteristic may be
compared against an animal characteristic model. As
described above, an animal characteristic model may com-
prise a statistical model, such as a normal (i.e., Gaussian)
probability distribution having a mean p and standard devia-
tion 0. As such, the probability that a particular measured
animal characteristic corresponds to an animal characteristic
of a particular animal health condition may be calculated per
Equation 1.10:

Eq. 1.10

_ (Xremp - #rmp)z ]

1
Promp = exp[
S 202y

[0125] InEquationl1.10,P,,,  may be the probability thata
particular animal characteristic measurement (e.g., animal
temperature), X,,,,, corresponds a particular characteristic
model (e.g., temperature characteristic) of a particular health
condition model (e.g., off-feed). As such, ., may represent
the off-feed health condition temperature characteristic
model mean, and o, may represent the off-feed health
condition temperature characteristic standard deviation.
[0126] At step 750, process 700 may determine whether all
of the animal characteristics models have been calculated per
Equation 1.10. If not, the flow may continue to 740 where the
next animal characteristic model may be evaluated. If all of
the animal characteristic models for the current animal profile
health condition pattern have been evaluated, the flow may
continue to step 760.

[0127] The successive iteration over step 740 cause method
700 to calculate a probability associated with each of the
received animal characteristics (e.g., a probability that the
measured characteristic corresponds to the characteristic
model in the health-condition pattern). For example, if an
off-feed health condition in an animal-specific profile were to
comprise a model for animal temperature and stomach con-
tractions, method 700 may iterate over step 740 two times,
once for temperature and once for contractions. As such, two
probabilities may be calculated, a probability associated with
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the temperature characteristic model and a probability asso-
ciated with the contractions characteristic model.

[0128] At step 760, the probabilities for each of the char-
acteristic models may be combined. Step 760 may comprise
averaging proportionally weighted probabilities of each of
the animal characteristic models calculated at step 740 (e.g.,
probability of correspondence in temperature characteristic
and probability of correspondence in contractions character-
istic) as shown in Equation 1.11:

{ Eq. 111

N+
:

M=

APyc = Wi # pi

[0129] InEquation1.11, AP, may represent the probabil-
ity of a particular heath-condition of a particular profile (e.g.,
animal-specific profile), N may be the number of animal
characteristics comprising the health condition pattern, p,
may represent a probability corresponding to a particular
animal characteristic model, and w, may represent a propor-
tional weight of the animal characteristic relative to other
animal characteristic models in the health condition pattern.
For example, referring again to FIG. 3a, Equation 1.12 may
represent the probability of an off-feed health condition 330
per the animal-specific profile 320:

1 Eq. 1.12
Pas.off-feed 3 (Wremp * Premp + Weontract * Peontract)

[0130] In Equation 1.12, “N” of Equation 1.11 is two (2),
P s.0preea May represent the probability that an animal is in
an off-feed health condition according to an animal-specific
profile, p,.,,, may represent the probability that the measured
temperature animal characteristic(s) correspond to the off-
feed temperature characteristic model, and p_., e QY rep-
resent the probability that the measured stomach contraction
animal characteristic(s) correspond to the off-feed contrac-
tion characteristic model. In Equation 1.12, w,,,,,, and w,,-
race May represent proportional weights of the temperature
and contraction characteristics models. These weights may be
used where one of the characteristics is considered to be a
better indicator of the animal health condition than another.
For instance, the weight may be proportional and/or derived
from the statistical variance of the characteristic model (e.g.,
less variance may yield more weight and vice versa).

[0131] As discussed above, an animal information data
structure may comprise multiple animal profiles (e.g., an
animal-specific profile, group profile, breed/sex profile, or the
like). Accordingly, at step 770, the probability of a particular
animal health condition may be calculated for each of these
profiles. If only one animal profile defines the health condi-
tion and/or all of the profiles have been evaluated, the flow
may continue to step 780. Otherwise, the flow may return to
step 730 where the next animal profile may be evaluated.
[0132] At step 780, the health condition probabilities cor-
responding to each animal profile may be combined to cal-
culate an overall heath-condition probability. This calculation
may be made per Equation 1.13:

Eq. L13

2| -
1=

pHC = wi xAPhc,
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[0133] In Equation 1.13, P, may represent an overall
probability (e.g., combined over all animal profiles) that the
animal has/is in a particular animal health condition (HC), N
may represent the number of animal profiles having profile
information relating to the particular health condition, AP,
may represent the probability of the health condition accord-
ing to a particular animal profile, i, and w, may represent a
proportional weight for the particular animal profile. For
example, where an animal-specific profile, a group profile,
and a breed/sex profile all comprise a health-condition pattern
for a particular health condition (e.g., estrus), the overall
probability of the health condition may be calculated per Eq.
1.14:

Eq. 114

Pestrus =

1
§ (Westrus, AS Apmm, as + Westrus, GAP, estrus,G + Westrus,B Ap estrus,B )

[0134] InEquation 1.14 the number of animal profiles hav-
ing an estrus health condition may be three, Ap,,,,,; 45 May
represent the probability of estrus according to an animal-
specific profile, Ap,,,,..  may represent the probability of
estrus according to a group profile, and Ap,.,,,, 5 may repre-
sent the probability of estrus according to a breed/sex profile.
In Equation 1.14, the weights (€.g., W,gus.45, Wesmus,G,
W osirus,3)> AY represent proportional weights of each animal
profile. As discussed above, these weights may be used where
one of the profiles is considered to be a better indicator of an
animal health condition than another. For example, a well-
developed, animal-specific profile may be better at detecting
a particular animal health condition than a breed/sex profile.
Alternatively, a less-developed animal-specific, health-con-
dition pattern may perform poorly relative to a better devel-
oped group profile. As such, weights W,.,,..c 45 Weossus,c» and
Wosrus.p May be tailored the animal profile and/or perfor-
mance of the detection of method 700.

[0135] At step 790, method 700 may determine whether
additional animal health conditions may be evaluated. In one
embodiment, all of the animal health conditions defined in a
particular animal information data structure may be evaluated
in method 700. For example, a probability that the animal is in
a nominal health condition, an estrus health condition, and
off-feed health condition may be calculated. If additional
health conditions remain, the flow may continue to step 720
where the probability that the animal has/is in the next health
condition may be calculated; otherwise, the flow may termi-
nate.

[0136] Turning now to FIG. 8, a flow diagram of one
embodiment of a method for detecting an animal health con-
dition is depicted.

[0137] At step 810, overall probabilities that the animal
has/is in a particular health condition may be received. These
probabilities may have been calculated using method 700
discussed above in conjunction with FIG. 7.

[0138] At step 820, method 800 may iterate over all of the
received health conditions. In this way, method 800 may be
performed within loop 710-790 of FIG. 7 (which loops
through all of the animal information data structure health
conditions). Alternatively, method 800 may be preformed ina
separate loop as depicted in FIG. 8.

[0139] At step 830, a probability of a particular animal
health condition may be comparedto a detection threshold for
the health condition. The detection threshold may be stored in
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an animal information data structure described above in con-
junction with FIG. 3a (e.g., as an entry in health condition
settings 386). If the probability that the animal has/is in the
health condition is greater than a detection threshold associ-
ated with the health condition, method 800 may continue to
step 840; otherwise, the flow may continue to step 880.
[0140] At step 840, the time the probability has been main-
tained above (or near) the detection threshold of step 830 may
be compared to a time threshold. The comparison of step 840
may require that the health condition probability of step 830
be maintained for a threshold period of time. As such, step
840 may be used to avoid erroneously detecting a health
condition due to a short term “glitch” in animal behavior
and/or measured animal characteristics. In some cases, the
time period of step 840 may be very short and/or not used. For
example, in detecting a health condition that has potentially
serious, short-term consequences (e.g., the animal has gone
off-feed and/or is out of the animal enclosure), the time
threshold of step 840 may be very short and/or zero (0). Ifthe
probability has been maintained over the detection threshold
for the time threshold, the flow may continue to step 850;
otherwise, the flow may continue to step 880. Like the detec-
tion threshold, the time threshold may be maintained in an
animal information data structure 310 of FIG. 3a (e.g., in
health condition settings 386). These thresholds may be
manually provided by an animal manager and/or may be
pre-set.

[0141] At step 850, the health condition may be detected.
Such detection may comprise determining that the animal has
or is in the health condition and updating an animal informa-
tion data structure (e.g., animal state 388 in FIG. 3a) accord-
ingly.

[0142] At step 860, user preferences (e.g., health condition
settings 386 of FIG. 3a) and/or other settings related to the
detected health condition may be evaluated to determine
whether the detection of the health condition warrants noti-
fying and/or alerting an animal manager. As discussed above,
some health conditions may require responsive action by an
animal manager. Some health conditions (e.g., off-feed and/
or out-of-enclosure) may be time sensitive. For example, an
animal in estrus may be moved into a breeding pen, whereas
an animal out of estrus (i.e., in a nominal state) may be
removed from the pen. Since an animal estrus cycle may be
relatively short, an animal manager may wish to be alerted as
soon as a change in estrus condition is detected so as to be able
to quickly respond to the change. Similarly, when an animal
goes off-feed, an animal manager may wish to be informed
since the condition may be indicative of a more serious health
risk, and, if the animal is being raised for slaughter, any time
off-feed may represent potential lost weight and subse-
quently, lost revenue. Rules for determining at 860 whether
an animal manager should be alerted may be stored in an
animal information data structure and/or settings related to
the particular health condition (e.g., health condition settings
386 of animal information data structure 310 in FIG. 3a). If
notification and/or alerting is required, the flow may continue
to step 870. Otherwise, the flow may continue to step 880.
[0143] Atstep 870, anotification and/or alert relating to the
detected animal health condition may be issued to an animal
manager. An animal health condition alert may be made in a
number of ways. For example, method 800 may be commu-
nicatively coupled to a communications network (e.g., as
depicted in FIGS. 1 (network 115) and 4 (network 415)). As
discussed above, the network may comprise any communi-
cations infrastructure and/or protocol known in the art. As
such, the alert may comprise a network message identifying
the health condition and the animal. Such a message may
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comprise an email, instant message (IM), short message ser-
vice (SMS), or the like. Alternatively and/or in addition,
Process 800 may be communicatively coupled to a public
switched telephone network (PSTN) and/or cellular tele-
phone network. As such, a voice message, pager message,
text message, email, SMS, or the like may be dispatched using
these alternative means. Additionally, the general and/or spe-
cial purpose computing device performing method 800 may
be communicatively coupled to an input/output (I/O) system
comprising an audio speaker system and/or display. In these
embodiments, the alert may comprise audible alert and/or
visual alert. It should be understood that any combination
alerting mechanisms known in the art could be used within
the disclosed teachings and, as such, the disclosure should not
be limited to any one or particular combination of alerting
mechanisms. After dispatching the appropriate alert(s), the
flow may continue to step 880.

[0144] At step 880, the current sensor settings, animal
health condition, and/or health condition probabilities may be
evaluated to determine whether the sensor settings should be
modified. For instance, if the probability that a particular
animal has/is in a particular health condition were to fall just
under the detection threshold of step 830, step 880 may deter-
mine the animal should be monitored more frequently in
order to quickly detect a possibly forthcoming change in
animal health condition. Similarly, if the probability that an
animal has a particular health condition is above the detection
threshold at step 830, but the time threshold of step 840 was
notmet, and hence the health condition was not detected, step
880 may determine that monitoring should be done more
frequently. In contrast, after increasing the monitoring fre-
quency and detecting a change in animal health condition
(e.g., from an estrus state to nominal), step 880 may reduce
the monitoring frequency to reduce the power consumption of
the animal sensors (e.g., bolus). As discussed above, the ani-
mal information data structure may comprise sensor settings
(i.e., element 387 of FIG. 3a) which may reflect the current
configuration state of the bolus and/or sensors. As such, step
880 may compare the current sensor settings (e.g., opera-
tional mode, polling frequency, sensor read duration, etc.) to
required settings to determine whether a change is warranted.
If the sensor settings are to be monitored, the flow may con-
tinue to step 885; otherwise, the flow may continue to step
890.

[0145] At step 885, a sensor settings modification message
may be generated and/or updated. The sensor settings mes-
sage may comprise changes to sensor settings identified at
step 885 (e.g., increasing and/or decreasing monitoring fre-
quency of one or more animal characteristics). In addition, the
operational mode of the sensor device (e.g., bolus) may be
updated. As discussed above, a bolus may operate in “burst”
and/or “instantaneous mode.” The message of step 885 may
change the operational mode of bolus in order to conserve
power or monitor a particular animal characteristic more
closely. Similarly, the message of step 885 may activate and/
or deactivate one or more bolus sensors, increase and/or
decrease the sampling and polling frequency of one or more
sensors, or the like. After generating the message, sensor
settings stored in the animal information data structure may
be updated, and the flow may continue to step 890.

[0146] At step 890, method 800 may determine whether
there are additional animal health condition probabilities to
process. If so, the flow may continue to step 820 where the
next animal health condition probability may be evaluated,
otherwise, the flow may continue to step 895.
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[0147] At 895, an animal information data structure asso-
ciated with the animal may be updated to reflect any detected
animal-health conditions, the probabilities received at step
810, timing information relating to step 840, or the like. Such
information may be used as the animal is monitored on an
on-going basis (e.g., as subsequent animal characteristics
messages are received). For example, information that a prob-
ability of a particular health condition was over the detection
threshold but under the time threshold, may be used on a
subsequent iteration of method 800 to establish a time thresh-
old requirement of the health condition at step 840. In addi-
tion, at step 895, if a sensor settings message was created at
step 885, it may be transmitted. Such transmission may be
performed via a base station in wireless communication with
the sensor (e.g., bolus). As discussed above, the base station
may be communicatively coupled to method 800.

[0148] It will be obvious to those having skill in the art that
many changes may be made to the details of the above-
described embodiments without departing from the underly-
ing principles of the invention. The scope of the present
invention should, therefore, be determined only by the fol-
lowing claims.

I claim:
1. A method for detecting a health condition of an animal,
comprising;
receiving a message from an animal monitoring device, the
message comprising a measured animal characteristic;

comparing the measured animal characteristic to an animal
characteristic model corresponding to an animal health
condition;

calculating a probability that the animal has the health

condition based upon the comparing; and

detecting the health condition if the probability is above a

detection threshold.

2. The method of claim 1, wherein the animal monitoring
device is an ingestible bolus comprising a sensor disposed
therein.

3. The method of claim 2, further comprising updating a
bolus setting responsive to the comparing.

4. The method of claim 2, wherein the animal is a ruminant
animal, and wherein the ingestible bolus is disposed within a
stomach of the animal.

5. The method of claim 2, wherein the sensor is an accel-
erometer.

6. The method of claim 5, wherein the accelerometer is a
three-axis accelerometer and the measured animal character-
istic is a derivative of a vector magnitude of animal accelera-
tion.

7. The method of claim 6, wherein the measured animal
characteristic is an animal stomach contraction measured by
the accelerometer.

8. The method of claim 1, wherein detecting the health
condition comprises determining whether the probability has
been maintained above the detection threshold for a time
threshold, and wherein the health condition is detected if the
time threshold determining is positive.

9. The method of claim 1, wherein the message comprises
a plurality of measured animal characteristics, and wherein
calculating a probability that the animal has the health con-
dition comprises combining a plurality of probabilities based
on comparing each of the plurality of measured animal char-
acteristics corresponds to one of a plurality of animal char-
acteristic models associated with the animal health condition.
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10. The method of claim 9, wherein the combining com-
prises applying a separately defined proportional weight to
each of the plurality of probabilities.

11. The method of claim 1, wherein the animal character-
istic model is common to a group of animals.

12. The method of claim 1, wherein the animal character-
istic model is common to an animal breed.

13. The method of claim 1, wherein comparing the mea-
sured animal characteristic to an animal characteristic model
associated with the health condition comprises making a first
comparison of the measured animal characteristic to an ani-
mal-specific animal characteristic model and making a sec-
ond comparison of the measured animal characteristic to an
animal characteristic model common to a group of animals,
and wherein calculating a probability based on the comparing
comprises combining a probability based on the first com-
parison and a probability based on the second comparison.

14. The method of claim 13, wherein calculating comprises
applying a first proportional weight to the probability based
on the first comparison and a second proportional weight to
the probability based on the second comparison.

15. The method of claim 1, wherein the animal character-
istic model is a statistical model.

16. The method of claim 15, wherein the model is a normal
distribution of the animal characteristic defined by a mean
and a standard deviation.

17. The method of claim 1, wherein the health condition is
one selected from the group consisting of a nominal condi-
tion, an off-feed condition, a colic condition, an out-of-en-
closure condition, and an estrus condition.

18. A computer readable storage media comprising com-
puter readable instructions to perform a method, the method
comprising:

receiving an animal characteristics message from a sensor

disposed within a stomach of a ruminant animal, the
message comprising an animal characteristic measured
by the sensor;

comparing the measured animal characteristic to a statis-

tical animal characteristic model of an animal health-
condition pattern;

calculating a probability that the animal has the health

condition based upon the comparing; and

detecting the health condition if the probability is above a

detection threshold for a time threshold.
19. The computer readable storage media of claim 18,
wherein the method further comprises alerting an animal
manager of the detected health condition if the probability is
above the detection threshold for the time threshold.
20. The computer readable storage media of claim 18,
wherein the method further comprises modifying a setting of
the sensor based on the comparing.
21. The computer readable storage media of claim 18,
wherein the animal characteristics message comprises a plu-
rality of measured animal characteristics, and wherein the
method further comprises,
comparing each of the plurality of measured animal char-
acteristics to a statistical animal characteristic model
corresponding to the animal health-condition, and

calculating the probability that the animal has the health
condition by combining each of the probabilities based
on each of the comparisons.

22. The computer readable storage media of claim 18,
wherein comparing the measured animal characteristic to a
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statistical animal characteristic model associated with the
health-condition pattern comprises:

performing a first comparison between the measured ani-

mal characteristic and a first statistical animal character-

istic model common to a group of animals,

performing a second comparison between the measured

animal characteristic and a second statistical model

common to an animal breed, and

wherein the probability that the animal has the health con-

dition is based on a combination of the first comparison

and the second comparison.

23. A method for detecting a health condition of an animal,
the method comprising:

receiving a message from a animal monitoring device dis-

posed within a stomach of a ruminant animal, the mes-

sage comprising an animal characteristic measured by a

sensor disposed within the animal monitoring device;

comparing the measured animal characteristic to a first
statistical model associated with a health condition,
wherein the first statistical model is common to a group
of animals;

comparing the measured animal characteristic to a second

statistical model associated with the health condition,

wherein the second statistical model is common to an
animal breed;

calculating a heath-condition probability that the animal

has the health condition based upon the first comparing
and the second comparing, wherein the calculating com-
prises combining a first probability based on the first
comparing with a second probability based on the sec-
ond comparing; and

detecting the health condition if the health-condition prob-

ability is above a detection threshold.

24. A system for monitoring a health condition of an ani-
mal, comprising:

an ingestible bolus disposed within a stomach of a rumi-

nant animal, the bolus comprising a sensor, a power

source, and a wireless communication module;

a base station in wireless communication with the ingest-

ible bolus; and

a computing system communicatively coupled to the base

station, the computer system comprising:

a communication interface configured to receive an ani-
mal characteristics message comprising a measured
animal characteristic from the bolus,

a data storage module to store an animal information
data structure associated with the animal,

a heath-condition monitor configured to compare the
measured animal characteristic to a statistical model
of the characteristic, wherein the statistical model is
indicative of an animal health condition, and wherein
the health-condition monitor is configured to calcu-
late a probability that the animal has a health condi-
tion based on the comparison, and wherein the health-
condition monitor is configured to detect the health
condition if the probability is above a detection
threshold for a threshold time period.

25. The system of claim 24, wherein the computing system
is communicatively coupled to acommunication network, the
computing system further comprising an alerting module to
issue and alert to an animal manager using the communica-
tion network responsive to detecting the health condition.
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