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METHOD OF DETERMINING A
PHYSIOLOGICAL STATE OF A RUMINANT
ANIMAL USING AN INGESTIBLE BOLUS

CROSS REFERENCE TO RELATED
APPLICATIONS

This is a continuation-in-part of U.S. patent application
Ser. No. 08/918,607, entitled INGESTIBLE ANIMAL
TEMPERATURE SENSOR, filed Aug. 22, 1997.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method of monitoring
the core body temperature of an animal, and, more
particularly, to a method of monitoring the core body
temperature of a ruminant animal using an ingestible bolus.

2. Description of the Related Art

It is known to transmit a message in the form of an
encoded data packet from a bolus placed within the stomach
of a ruminant animal to a remote receiver unit in the form of
a stationary base unit or a portable hand-held unit. For
example, U.S. patent application Ser. No. 08/918,607 the
parent application, describes a system for remotely moni-
toring a temperature sensed within the stomach of a cow.
Such a system is a step forward in the art and allows a user
to individually monitor the core body temperature of a
plurality of cows in a herd.

Certain physiological states of a cow cause the core body
temperature of the cow to vary somewhat relative to a
normal core body temperature. For example, several hours
before a cow is in standing heat and most likely to conceive,
the core body temperature of the cow rises. The core body
temperature of a cow may rise, e.g., approximately 0.5° F.
about 12 hours before the cow is in standing heat.
Additionally, the core body temperature of a cow may rise
when the cow is sick, or when the cow is under heat stress
associated with very hot ambient conditions. Conversely, the
core body temperature of a cow drops shortly before the cow
delivers a calf, when the cow is experiencing hypothermia,
or when the cow is dead. The core body temperature of the
cow is thus an indicator of several different physiological
states.

One problem with utilizing an ingestible bolus to deter-
mine a core body temperature based upon a sensed tem-
perature within the stomach of the cow is that the cow drinks
quite a few times during the course of a day (e.g., 10 to 12
times a day) and ingests a relatively large quantity of water
each day. The temperature of the water is, of course,
typically much cooler than the core body temperature of the
cow. Thus, each time the cow drinks the temperature sensed
within the stomach plummets very fast dependent upon the
amount and temperature of the water ingested. The tempera-
ture data which is received by the remote receiver unit thus
varies over a relatively large range.

What is needed in the art is a method of analyzing
temperature data associated with temperatures sensed within
the stomach of a ruminant animal and a method of display-
ing the data or alerting the user of a physiological state or a
physiological change of the ruminant animal.

SUMMARY OF THE INVENTION

The present invention provides a method of determining
a physiological state of a ruminant animal by mathemati-
cally analyzing at least one portion of a history of data
representing sensed temperatures within a stomach of the
ruminant animal.
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The invention comprises, in one form thereof, a method of
determining a physiological state of a ruminant animal by
monitoring the core body temperature of the ruminant
animal. A bolus including a temperature sensor and a trans-
mitter is placed within a stomach of the ruminant animal. A
plurality of temperatures are sensed within the stomach
using the sensor, with each temperature representing a
temperature at a respective discrete point in time over a time
period. A plurality of air-borne signals are transmitted to a
remote receiver using the transmitter, with each air-borne
signal representing at least one of the sensed temperatures.
The plurality of temperatures are mathematically analyzed at
discrete points in time over the time period using the remote
receiver. The physiological state of the ruminant animal is
determined using the mathematically analyzed tempera-
tures.

An advantage of the present invention is that a physi-
ological state of the ruminant animal can be remotely
determined, thereby allowing the user to intervene or take
proactive action based upon the determined physiological
state.

Another advantage is that different physiological states of
the ruminant animal can be determined.

Yet another advantage is that a simple user interface
indicates present and past physiological states of the rumi-
nant animal, without requiring data interpretation by the
user.

BRIEF DESCRIPTION OF THE DRAWINGS

The above-mentioned and other features and advantages
of this invention, and the manner of attaining them, will
become more apparent and the invention will be better
understood by reference to the following description of an
embodiment of the invention taken in conjunction with the
accompanying drawings, wherein:

FIG. 1 is a graphical illustration of temperatures sensed
within the stomach of a ruminant animal during a twenty-
four hour period;

FIG. 2 is a flowchart illustrating an embodiment of the
method of the present invention for determining a physi-
ological state of the ruminant animal;

FIG. 3 is a flowchart illustrating an embodiment of the
method of the present invention for determining a one day
average of the core body temperature of the ruminant
animal;

FIG. 4 is a flowchart illustrating an embodiment of the
method of the present invention for determining a five day
average of the core body temperature of the ruminant
animal; and

FIG. 5 is a graphical illustration of an exemplary screen
output of the remote receiver which visually indicates the
physiological states of a number of ruminant animals.

Corresponding reference characters indicate correspond-
ing parts throughout the several views. The exemplification
set out herein illustrates one preferred embodiment of the
invention, in one form, and such exemplification is not to be
construed as limiting the scope of the invention in any
manner.

DETAILED DESCRIPTION OF THE
INVENTION

Referring now to the drawings and particularly to FIG. 1,
there is shown a graphical illustration of a typical tempera-
ture profile within the stomach of a ruminant animal, such as
a cow, during a 24-hour period. A normal core body tem-
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perature for a cow is between 101° and 102° F., usually
about 101.5° F. As is apparent, the temperature within the
stomach of the cow varies widely during the course of a day.
This is primarily due to the ingestion of cool or cold water
which the cow drinks during the day. Each time the cow
drinks, the temperature within the stomach plummets. When
the cow stops drinking the core body temperature of the cow
immediately starts to raise the temperature within the stom-
ach back to the core body temperature. If the cow drinks
again before the temperature within the stomach reaches the
core body temperature (such as occurred at approximately at
5:15 a.m. in the example shown), then the temperature
within the stomach again plummets, dependent upon the
temperature and quantity of the water ingested.

As is apparent from FIG. 1, the temperature profile within
the stomach of a cow varies widely over any given 24-hour
period. On the other hand, the change in the core body
temperature of a cow associated with different physiological
states, such as standing heat, sickness, heat stress and
calving, does not vary over a large range, typically only
+0.25 to 2° F. The present invention of detecting a physi-
ological state of the cow therefore mathematically analyzes
and interprets the data associated with the temperature
within the stomach of the cow to deduce a physiological
state or physiological change of the cow.

In general, the present invention utilizes temperature data
sensed by a bolus within the stomach of a cow to determine
the physiological state of the cow. While one cow may drink
more than another cow on an average, it has been found that
each cow drinks a relatively steady amount of water during
the course of a day from one day to another. Thus, the
average temperature within the stomach of a cow remains
relatively constant from one day to another, as long as the
physiological state of the cow also remains constant. A
change in the average temperature within the stomach of the
cow also may indicate a change in the physiological state of
the cow. In order to detect the physiological change, a
history of average temperature data for a specific cow is
determined. The data history for a specific cow is calculated
over an extended period of time which is sufficient to
provide an adequate profile of the cow. For example, the
extended period of time may be several days, a week, a
month, or even a season. This data history which is then used
as a baseline is compared with stomach temperature data
over a shorter period of time which allows an individual to
properly react or intervene when a change in the physiologi-
cal state of the cow is determined. For example, the shorter
period of time may be a half day, one day, or a couple of
days. The shorter period of time must be selected long
enough to provide good data, but yet short enough to allow
an individual to react or intervene in a timely manner.

Referring now to FIG. 2, an embodiment of the method of
the present invention for determining a physiological state of
a cow will be described in greater detail. It is to be
understood that the data is transmitted using an ingestible
bolus (such as described in parent application Ser. No.
08/918,607 to a remote receiver which may be in the form
of a stationary base unit or a portable hand-held unit. Unless
otherwise noted, details familiar to persons skilled in the
electronic arts will be omitted since they are extraneous
detail and thus have no bearing on reducing the invention to
practice. Moreover, it is also to be understood, and it will be
appreciated by those skilled in the art, that the methodology
and logic of the present invention described herein may be
carried out using any number of structural configurations
such as electronic hardware, software, and/or firmware or
the like.
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At block 10, the remote receiver receives a message in the
form of an air-borne signal which is transmitted from a bolus
implanted within the stomach of a cow. The message or
signal is preferably in the form of a data packet represented
by a number of data pulses. For each message, the data
packet includes temperature data representing the sensed
temperature within the stomach, identification data such as
an identification number which is unique to the specific cow,
and date and/or time stamp data corresponding to the
discrete point in time at which the temperature was sensed
by the bolus. In the embodiment shown, each data packet
corresponds to a single sensed temperature within the stom-
ach; however, it is also possible for a data packet to include
data corresponding to multiple sensed temperatures and
associated discrete times of sensing. At block 12, the mes-
sage or data packet received by the remote receiver is parsed
to segregate and ascertain the temperature data, identifica-
tion data and time stamp data. The parsed data is then stored
in a memory device, such as a RAM memory and/or
non-volatile long-term storage memory (block 14). In the
embodiment shown, the parsed message is stored both in a
RAM memory and a long-term storage memory such as a
hard drive.

Atblock 16, a one day average of the temperatures sensed
over a one-day (i.c., 24 hour) time period is calculated.
Reference is hereby made to FIG. 3 for a more detailed
explanation of the calculation of a one day average. In
general a one day average temperature is only calculated
using the procedure in blocks 40—46 if the time stamp on the
parsed message is at least one hour past a previous calcu-
lation of the one day average. More particularly, the vari-
ables MESSAGE[TIME] and LASTAVERAGE[TIME]
each correspond to pointer values in a memory, such as a
RAM memory. The point value MESSAGE[TIME] points to
a location in memory in which the time stamp data for the
current message is located, and the pointer value
LASTAVERAGE[TIME] points to a location in memory in
which the time stamp data is located for the last one day
average temperature calculation. If the time stamp data at the
pointer value MESSAGE[TIME] is not greater than the time
stamp data plus one hour located at the pointer value
LASTAVERAGE[TIME], then a one day average is not
calculated and the procedure ends at 48. On the other hand,
if the value of the time stamp data in the memory location
MESSAGE[TIME] is more than one hour greater than the
value of the time stamp data in the memory location
LASTAVERAGE[TIME)], then a one day average tempera-
ture is calculated in block 42. The one day average is
calculated by adding up all the sensed temperature values for
the last 24 hours. That is, the 24-hour period is a sliding
window calculated backwards from the time stamp data
contained in MESSAGE[TIME). The total value of all the
temperatures for the last 24 hours is then divided by the total
number of temperatures for the last 24 hours (i.e., the
number of parsed messages received in the last 24 hours for
that particular cow). The one day average temperature is
then saved to memory (block 44), preferably both hard drive
and RAM memory. The pointer value LASTAVERAGE
[TIME] is then changed to point to the memory location
containing the time stamp data at MESSAGE[TIME].

At block 18 a five day average is calculated. Referring
more particularly to FIG. 4 corresponding thereto, a variable
total temperature is increased by the temperature value of
the currently parsed message contained at the pointer value
MESSAGE [TEMPERATURE] (block 50). The date data
for the present message stored at the memory location
MESSAGE[DATE] minus five days is compared with the
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date data which is stored at the memory location DATE
[STARTINDEX] (decision block 52). If the result from
decision block 52 is NO, meaning that the date of the
presently parsed message is less than five days older than the
date at which the last five day average was calculated (which
may occur since the data is transmitted from the bolus
somewhat randomly), then a new five day average is calcu-
lated as shown in block 54. In particular, the five day average
is calculated by dividing the variable total temperature by
the number of temperature data received since the last five
day average was calculated, as represented by the difference
CURRENTINDEX-STARTINDEX.

On the other hand, if the result from decision block 52 is
YES, meaning that a time period of more than five days has
elapsed since the last five day average was calculated, then
the value of the temperature at the memory location corre-
sponding to the pointer STARTINDEX is subtracted from
the variable TOTAL TEMPERATURE (block 56). In other
words the variable TOTAL TEMPERATURE is represented
by a sliding window of temperature data for tne last five
days, and any temperature data older than five days is
subtracted from the variable TOTAL TEMPERATURE. At
block 58 the pointer integer value STARTINDEX is incre-
mented by one.

At block 20 the variable DELTA is calculated by sub-
tracting the five day average temperature from the one day
average temperature. It is necessary to compute the differ-
ence in this manner, (i.e., one day average minus five day
average) so that it can be determined whether the one day
average temperature of the cow is increasing or decreasing.
A change in the physiological state of the cow corresponding
to standing heat or sickness will cause the one day average
to increase, while a change in the physiological state cor-
responding to calving will cause the one day average to
decrease. Similarly, a change in the physiological state
associated with heat stress will cause the core body tem-
perature of the cow to increase.

At decision blocks 22, 26 and 30, the variable DELTA and
the temperature for the presently parsed message are com-
pared with threshold values to determine whether the physi-
ological state of the cow meets certain criteria. More
particularly, at decision block 22, the variable DELTA is
compared with a value THRESHOLD 1. The value
THRESHOLD 1 corresponds to a physiological state in
which the cow is in standing heat and is ready to be bred at
that time or within a few hours by a bull or by artificial
insemination. By knowing that the cow is in heat, the cow
may be separated from the herd and placed in a separate
breeding pen with the bull or artificially inseminated. It has
been found through empirical testing that the value of
THRESHOLD 1 may vary dependent upon certain factors
such as the breed of cow, season of the year, etc. For
example, the value of THRESHOLD 1 may vary between
0.25° F. and 1.5° F. dependent upon the breed of the cow.
Thus, although the value of THRESHOLD 1 is generally
constant for a specific cow, the value of THRESHOLD 1
may vary from one cow to another. Testing to date has
indicated that a value of THRESHOLD 1 for an angus cow
may be approximately 0.25° F. while the value of THRESH-
OLD 1 for a holstein cow may be approximately 0.5° F. If
the result from decision block 22 is YES, then a visual
indicator on a display screen for that cow is provided in the
form of a yellow box or cell (block 24, as will be described
in more detail hereinafter).

In the embodiment shown in FIG. 2, the constant
THRESHOLD 1 corresponds to a standing heat threshold
value. However, the constant Threshold 1 may also corre-
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6

spond to a sickness threshold value indicating that the core
body temperature of the cow has increased to a point
indicating sickness. A sickness threshold value is generally
set at a level that is higher than the standing heat threshold
value. For example, a sickness threshold value may be set at
approximately 2° F. above the normal core body temperature
of the cow. Alternatively, an additional decision block may
be added to the method shown in FIG. 2 (such as between
decision blocks 22 and 26) so that the calculated value of
DELTA is compared with both a threshold value correspond-
ing to standing heat and a threshold value corresponding to
sickness.

At decision block 26, the variable DELTA is compared
with a constant THRESHOLD 2. It has been found that a
few hours prior to calving, a core body temperature of a cow
will drop from the normal core body temperature. The
constant THRESHOLD 2 thus corresponds to an empirically
determined value indicating that the cow is about to calve,
thereby allowing the individual to intervene and place the
cow within a calving pen, or at least check on the cow to
ensure that no problems are encountered. For example, if the
variable DELTA is between —1° F. and -2° F.,, then the cow
may be ready to calve. If the result from decision blocks 26
is YES, then a visual display in the form of an orange block
or cell on a display monitor for that individual cow is
provided to the user (block 28).

Although the constant THRESHOLD 2 is described as
corresponding to a calving threshold value, it will also be
appreciated that using a known gestation period, an indi-
vidual may quickly determine whether the cow is in fact due
to calve. If the cow is not due to calve, and the result from
decision block 26 is nonetheless YES, then the result from
decision block 26 may indicate another physiological state,
such as hypothermia or a dead cow. Of course, it will be
appreciated that additional decision blocks may be inserted
into the method shown in FIG. 2 for these particular physi-
ological states.

At decision block 30, the actual value of the parsed
message (not the DELTA between the one day average and
five day average) is compared with a constant THRESH-
OLD 3. The constant THRESHOLD 3 corresponds to a
physiological state in which the cow has been exposed to
high temperatures and is experiencing heat stress, such as
may occur on a hot day if the cow is not provided proper
shelter, ventilation and/or water. Of course, the specific
value of the constant THRESHOLD 3 may vary from one
breed to another, from one geographic region to another,
from one season of the year to another. Heat stress is
particularly important in the dairy industry, since heat stress
may cause the milk production of a dairy cow to decrease for
several days. If the result from decision block 30 is YES,
then a visual indication in the form of a red block or cell on
a display screen is provided to the user (block 32). The user
may then intervene to attempt to correct the situation by
sprinkling the animals with water, ventilating the animals,
etc. Alternatively, in another embodiment (not shown), an
additional control block may be provided on the output side
of decision block 30 if the result is YES, which allows the
remote receiver unit to automatically attempt to remedy the
situation, such as by automatically actuating exhaust fans or
a sprinkler system within a building.

If the result of each of decision blocks 22, 26 and 30 is
NO, then the computed variable DELTA has not exceeded
either of the constants THRESHOLD 1 or THRESHOLD 2
and the specific temperature of the parsed message has not
exceeded the constant THRESHOLD 3. Thus, the physi-
ological state of the cow is determined to be normal and a
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visual indication in the form of a green block or cell is
provided on a display monitor to the user for that specific
cow (block 34).

At block 36, an individual data point corresponding to the
temperature of the parsed message is plotted on a display
screen, as will be described in more detail hereinafter. The
data point may correspond to the actual value of the sensed
temperature, the value of the calculated DELTA, the one day
average or the five day average. In the embodiment shown,
the data point corresponds to the calculated one day average.

8

adjusted between two seconds to nine hours. Of course, it
will be appreciated that the longer the seed value time, the
less data will be received with an associated reduction in
accuracy. Contrarily, the smaller the seed value time, the
accuracy of the data is improved, but computing time and
memory storage requirements are also increased. A seed
value time of between 2 minutes and 30 minutes has been
found to be particularly acceptable, with a seed value of
approximately 7.5 minutes currently being used.

Moreover, in the embodiment shown, the user is provided

Referring now to FIG. 5, there is shown a portion of a 0 with an indication of the physiological state of the animal
display screen which may displayed to a user. The hatching using a display screen with a simplified layout and design
within the boxes corresponds to the standard hatching for which does not require data interpretation. However, it will
different colors. Thus, it may be seen that the majority of the ~ also be appreciated that if a specific threshold value is
boxes correspond to green, meaning that the physiological ;5 €xceeded, an additional type of indicator may be provided to
state of the cow is normal and unchanged, while a single box the user to indicate that a particular physiological state has
for each of the three different cows corresponds to yellow,  been sensed. For example, an indicator in the form of an
orange and red, meaning that a corresponding threshold audible alarm or digitally recorded message may easily be
value has been exceeded. By providing a visual display in provided to the user if a threshold value is exceeded.
the manner as shown in FIG. §, it is not necessary for the ,;  Additionally, in the embodiment shown, each bolus is

user to interpret data to determine the physiological state of
the cow. The user may simply look at the screen for a
particular cow and a particular day to determine if the
physiological state is normal, or has changed to a condition
requiring intervention or attention. However, it may also be
observed that for each of the cells shown in FIG. 5, data
points are also present within each cell. By clicking on a
specific cell with a mouse, the user is allowed to display the
data points for that cell on an entire display screen, thereby
allowing the user to actually view and interpret the data if
necessary or desired. Thus, although the method of display-
ing the physiological state of the cow is very simple and
does not require data analysis or interpretation, it is also
possible for a more sophisticated user to actually analyze
and interpret the data as appropriate. For example, the data

25

30

placed within the stomach of a corresponding cow to send
temperature data to the remote receiver unit. In another
embodiment, a bolus containing a transmitter and a tem-
perature sensor may simply be placed on a shelf or other
suitable location where a herd of cattle are located. The
bolus thus senses ambient temperature conditions and trans-
mits a signal corresponding thereto to the remote receiver
unit. The identification number in the message which is
parsed by the receiver unit can easily be assigned such that
the procedure recognizes that the bolus responds to ambient
temperatures and not temperatures within the stomach of a
cow. The ambient temperatures, or an ambient temperature
swing during a relatively short time period, may have an
effect on the one or more threshold values used in the
method of the present invention. Thus, it may be possible to

35
for a specific cell may be displayed in a manner similar to modify one or more of the threshold values dependent upon
that shown in FIG. 1. the sensed ambient temperature.

During use, the bolus which has previously been placed Further, in the embodiment shown, the one day average
within the stomach of a cow transmits a message on a temperature and the five day average temperature are cal-
somewhat random basis to a remote receiver unit such as a 49 culated using all data points within corresponding time
stationary base unit. The message is parsed to ascertain the periods associated therewith. In another embodiment repre-
cow identification number, time stamp data, and temperature sented in phantom lines in FIG. 2, extreme high and low data
data. A one day average temperature and five day average values associated with bad data or with data outside a given
temperature are calculated using the procedure set forth in range may be filtered out using known data clipping tech-
FIGS. 3 and 4 described above. ADELTA value representing 45 niques (block 60). For example, temperature data associated
the difference between the one day average and five day with a cow drinking extremely cold water which causes the
average as well as the value of the sensed temperature, are temperature to plummet below a certain level below the
compared with respective threshold values associated there- normal core body temperature may be filtered out.
with. If a particular threshold value is exceeded, then an Furthermore, in the embodiment shown, the one day
updated visual display indicating a physiological change in 50 average temperature and the five day average temperature
the state of the animal is displayed within a cell of a display are mathematically analyzed relative to each other using a
monitor by changing the color of the monitor. If the user simple average temperature calculation over respective
requires additional detailed information concerning the given time periods. It should also be appreciated that other
physiological state of the animal, a cell on the display screen mathematical analysis techniques may be used to analyze
may be clicked on with a mouse to expand the data asso- ss5 the sensed temperature data and determine a particular
ciated therewith to a full screen display with all sensed data physiological state of the animal or a change in the physi-
points for the relevant time period. The user may intervene ological state of the animal. For example, it may be observed
or check on the state of the animal if necessary.  that the slope of the line graph of the temperature data in
Alternatively, in an embodiment not shown, the remote FIG. 1 sharply falls when the cow takes a drink of water,
receiver unit may automatically control the environmental 6o while the slope of the line between adjacent points when the
conditions of the animal housing to reduce the effects of a stomach temperature is closer to the core body temperature
sensed physiological state such as heat stress. is much less. It may be possible using statistical process

In the embodiment of the method of determining a techniques or numerical analysis techniques to analyze the
physiological state of a cow as described above, the transmit data based upon the slope of the line at any point in time to
times from the ingested bolus to the remote receiver unit are 65 determine the physiological state of the animal.

somewhat random based upon a seed value which is set by
a user. The seed value, in the embodiment shown, may be

Alternatively, it may be possible to use different data curve
fitting techniques to eliminate data or better approximate
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data without decreasing the sensitivity of detecting a physi-
ological state of the animal. An important criteria is that the
data is mathematically analyzed using the past history of
data for a cow.

10

5. The method of claim 4, wherein said mathematically
analyzing step comprises the substeps of:

determining said average core body temperature over said

time period by adding values of said sensed tempera-

While this invention has been described as having a 5 tures together over said time period and dividing a total
preferred design, the present invention can be further modi- of said added values by a number of said sensed
fied within the spirit and scope of this disclosure. This temperatures over said time period;
application is therefore intended to cover any variations, determining said average core body temperature over said
uses, or adaptations of the invention using its general extended time period by adding values of said sensed
principles. Further, this application is intended to cover such 10 temperatures together over said extended time period
departures from the present disclosure as come within and dividing a total of said added values by a number
known or customary practice in the art to which this inven- of said sensed temperatures over said extended time
tion pertains and which fall within the limits of the appended period; and
claims. . . .

. . . mathematically analyzing said average core body tem-

What is claimed is: 15 y yZng s y

1. A method of determining a physiological state of a
ruminant animal by monitoring the core body temperature of
the ruminant animal, comprising the steps of:

providing a bolus within a stomach of the ruminant

perature over said time period with said average core
body temperature over said extended time period.

6. The method of claim 5, wherein said mathematically

analyzing step comprises the substep of calculating a dif-

ference representing said average core body temperature

animal, §aid bolus including a temperature sensor and 20 (ver said time period minus said average core body tem-
a transmitter; perature over said extended time period.
sensing a plurality of temperatures within the stomach 7. The method of claim 6, wherein said mathematically
using said sensor, each said temperature representing a analyzing step comprises the further substep of comparing
temperature at a respective discrete point in time over sajd difference with at least one threshold value.
a time periodat least two of said discrete points in time 25 8 The method of claim 7, wherein said at least one
being different points in time relative to each other; threshold value comprises a plurality of threshold values
transmitting a plurality of air-borne signals to a remote representing different physiological states of the ruminant
receiver using said transmitter, each said air-borne animal.
signal representing at least one of said sensed tempera- 9. The method of claim 8, wherein said plurality of
tures; 3" threshold values include a standing heat threshold value, a
mathematically analyzing a plurality of said temperatures sickness threshold value, a heat stress threshold value, and
at said discrete points in time over said time period a calving threshold value.
using said remote receiver; and 10. The method of claim 4, wherein each of said time
determining the physiological state of the ruminant ani- 5 period and said extended time period extend back in time

mal using said mathematically analyzed temperatures.

2. A method of determining a physiological state of a

ruminant animal by monitoring the core body temperature of
the ruminant animal, comprising the steps of:

providing a bolus within a stomach of the ruminant

from a last temperature sensed using said sensor.

11. The method of claim 10, wherein said time period is
1 day and said extended time period is 5 days.

12. A method of determining a physiological state of a
ruminant animal by monitoring the core body temperature of

animal, said bolus including a temperature sensor and *" the ruminant animal, comprising the steps of:
a transmitter; providing a bolus within a stomach of the ruminant
sensing a plurality of temperatures within the stomach animal, §aid bolus including a temperature sensor and
using said sensor, each said temperature representing a a transmitter;
temperature at a respective discrete point in time over 4,  sensing a plurality of temperatures within the stomach
a time period; using said sensor, each said temperature representing a
transmitting a plurality of air-borne signals to a remote temperature at a respective discrete point in time over
receiver using said transmitter, each said air-borne a time period;
signal representing at least one of said sensed tempera- transmitting a plurality of air-borne signals to a remote
tures; 50 receiver using said transmitter, each said air-borne
mathematically analyzing a plurality of said temperatures signal representing at least one of said sensed tempera-
at said discrete points in time over said time period tures;
using said remote receiver, said mathematically ana- mathematically analyzing a plurality of said temperatures
lyzing step comprising the substep of determining an at said discrete points in time over said time period
average core body temperature over said time period; 55 using said remote receiver; and
and determining the physiological state of the ruminant ani-
determining the physiological state of the ruminant ani- mal using said mathematically analyzed temperatures;
mal using said mathematically analyzed temperatures. wherein said mathematically analyzing step and said
3. The method of claim 2, wherein said average core body determining step are repeated to determine a plurality
temperature is determined by adding values of said sensed 60 of physiological states of the ruminant animal at dif-
temperatures together over said time period and dividing a ferent points in time, and wherein said remote receiver
total of said added values by a number of said sensed includes a visual display, and comprising the further
temperatures over said time period. step of providing a non-numeric visual indication of at
4. The method of claim 2, wherein said mathematically least one of said plurality of physiological states with
analyzing step comprises the substep of determining an 65 said visual display.

average core body temperature over an extended time
period.

13. The method of claim 12, wherein each said sensed
temperature represents a temperature at a respective discrete
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point in time in one of a plurality of time periods, and
wherein said visual display is graphically divided into a
plurality of cells, each said cell corresponding to a different
said time period, each said cell being selectively displayed
in one of a plurality of different colors, each said color
corresponding to a respective said physiological state.
14. The method of claim 13, wherein at least one of said
cells is selectively displayed in a flashing color.
15. The method of claim 12, comprising the further step
of actuating an audible alarm representing one of said
plurality of physiological states.
16. A method of determining a physiological state of a
ruminant animal by monitoring the core body temperature of
the ruminant animal, comprising the steps of:
providing a bolus within a stomach of the ruminant
animal, said bolus including a temperature sensor and
a transmitter;

sensing a plurality of temperatures within the stomach
using said sensor, each said temperature representing a
temperature at a respective discrete point in time over
a time period, each of said discrete points in time being
different points in time relative to each other;

transmitting a plurality of air-borne signals to a remote
receiver using said transmitter, each said air-borne
signal representing at least one of said sensed tempera-
tures;

mathematically analyzing a plurality of said temperatures

at said discrete points in time over said time period
using said remote receiver; and

determining the physiological state of the ruminant ani-

mal using said mathematically analyzed temperatures.
17. A method of determining a physiological state of a
ruminant animal by monitoring the core body temperature of
the ruminant animal, comprising the steps of:
providing a bolus within a stomach of the ruminant
animal, said bolus including a temperature sensor and
a transmitter;

sensing a plurality of temperatures within the stomach
using said sensor, each said temperature representing a
temperature at a respective discrete point in time over
a time period;

transmitting a plurality of air-borne signals to a remote
receiver using said transmitter, each said air-borne
signal representing at least one of said sensed
temperatures, each of said air-borne signals corre-
sponding to one of said sensed temperatures;

mathematically analyzing a plurality of said temperatures
at said discrete points in time over said time period
using said remote receiver; and

determining the physiological state of the ruminant ani-

mal using said mathematically analyzed temperatures.
18. A method of determining a physiological state of a
ruminant animal by monitoring the core body temperature of
the ruminant animal, comprising the steps of:
providing a bolus within a stomach of the ruminant
animal, said bolus including a temperature sensor and
a transmitter;

sensing a plurality of temperatures within the stomach
using said sensor, each said temperature representing a
temperature at a respective discrete point in time over
a time period;

transmitting a plurality of air-borne signals to a remote
receiver using said transmitter, each said air-borne
signal representing at least one of said sensed
temperatures, each of said air-borne signals comprising
a data packet;

10

15

20

25

30

35

40

45

50

55

60

65

12

mathematically analyzing a plurality of said temperatures
at said discrete points in time over said time period
using said remote receiver; and

determining the physiological state of the ruminant ani-
mal using said mathematically analyzed temperatures.

19. The method of claim 18, wherein each of said data

packets include data representing an identification of the

ruminant animal associated therewith.
20. The method of claim 19, wherein each of said data

packets include data representing said discrete point in time

at which said corresponding temperature is sensed.
21. A method of determining a physiological state of a
ruminant animal by monitoring the core body temperature of
the ruminant animal, comprising the steps of:
providing a bolus within a stomach of the ruminant
animal, said bolus including a temperature sensor and
a transmitter;

sensing a plurality of temperatures within the stomach
using said sensor, each said temperature representing a
temperature at a respective discrete point in time over
a time period,;

transmitting a plurality of air-borne signals to a stationary
base unit using said transmitter, each said air-borne
signal representing at least one of said sensed tempera-
tures,

mathematically analyzing a plurality of said temperatures

at said discrete points in time over said time period
using said stationary base unit; and

determining the physiological state of the ruminant ani-

mal using said mathematically analyzed temperatures.
22. A method of determining a physiological state of a
ruminant animal by monitoring the core body temperature of
the ruminant animal, comprising the steps of:
providing a bolus within a stomach of the ruminant
animal, said bolus including a temperature sensor and
a transmitter;

sensing a plurality of temperatures within the stomach
using said sensor, each said temperature representing a
temperature at a respective discrete point in time over
a time period;

transmitting a plurality of air-borne signals to a portable
hand-held unit using said transmitter, each said air-
borne signal representing at least one of said sensed
temperatures,

mathematically analyzing a plurality of said temperatures

at said discrete points in time over said time period
using said portable hand-held unit; and

determining the physiological state of the ruminant ani-

mal using said mathematically analyzed temperatures.
23. A method of determining a physiological state of a
ruminant animal by monitoring the core body temperature of
the ruminant animal, comprising the steps of:
providing a bolus within a stomach of the ruminant
animal, said bolus including a temperature sensor and
a transmitter;

sensing a plurality of temperatures within the stomach
using said sensor, each said temperature representing a
temperature at a respective discrete point in time;

transmitting a plurality of air-borne signals to a remote
receiver using said transmitter, each said air-borne
signal representing at least one of said sensed tempera-
tures;

determining an average core body temperature over a time

period using said remote receiver by adding values of
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said sensed temperatures together over said time period
and dividing a total of said added values by a number
of said sensed temperatures over said time period;

determining an average core body temperature over an
extended time period using said remote receiver by
adding values of said sensed temperatures together over
said extended time period and dividing a total of said
added values by a number of said sensed temperatures
over said extended time period;

mathematically analyzing said average core body tem-
perature over said time period with said average core
body temperature over said extended time period; and

10

14

determining the physiological state of the ruminant ani-

mal using said mathematical analysis.

24. The method of claim 23, wherein said mathematically
analyzing step comprises the substep of calculating a dif-
ference representing said average core body temperature
over said time period minus said average core body tem-
perature over said extended time period.

25. The method of claim 24, wherein said mathematically
analyzing step comprises the further substep of comparing
said difference with at least one threshold value.
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it is certified that error appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:

Column 5
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Column 9
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