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Description
FIELD OF INVENTION

[0001] This invention relates to the use of radio fre-
quency identification and specifically to short range radio
frequency communications applied to the remote moni-
toring of animal physiological data for the purpose of as-
sessing animal health and welfare.

BACKGROUND

[0002] Various livestock identification methods are
known and have been used for ownership marking and
animal tracking purposes. Disease control, food safety,
and supply chain management have produced regula-
tions that mandate positive and unique identification.
Herd population growth has necessitated development
of automated identification technologies for management
efficiency.

[0003] Radio Frequency ldentification (RFID) is one
such method of automated identification that has gained
acceptance of regulatory agencies and is currently widely
deployed. While several alternate RFID technologies ex-
ist, the passive transponder that operates at low frequen-
cy ("LF" -- 134.2 KHz) is the dominant type.

[0004] Early passive transponders included large elec-
tronic assemblies that were suspended from collars
placed around animal necks, such as is depicted in Fig.1
(104). As technology improved and application specific
integrated circuits were developed, transponder form
factors diminished. One current tagging method is an
eartag (102) which usually includes a front section with
visual marking, and a rear section retainer which houses
the electronic passive transponder.

[0005] While an ear tag provide an effective means of
unique identification, some agencies have adopted
transponders encased in a bolus form factor, suitable for
ruminant livestock. As shown in Fig.1, the bolus (103) is
placed in the ruminant’s stomach, where it is retained for
the duration of the animal’s life. Installation in this location
also provides the potential to collect animal physiological
data, such as the animal’s body temperature, and such
applications have been disclosed in the prior art. US
2008/236500 A1 discloses an animal health monitoring
system comprising a ruminant bolus transponder, a high
frequency radio frequency transceiver device proximal
to the bolus transponder and a base station, wherein the
bolus transponder comprises a RFID chip and the trans-
ceiver device relays the data from the bolus transponder
tothe base station. EP 0 897 662 A1 discloses a ruminant
bolus transponder comprising a low frequency antenna
and a high frequency antenna wherein the bolus trans-
ponder can be configured by a low frequency reader via
the low frequency antenna.

[0006] The passive transponder with temperature
monitoring capability provides a useful means of unique
identification and animal health monitoring, but is limited
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inseveral ways: (1) the animal must be proximal (typically
within 1 meter) to a LF transponder scanner in order to
collect identification and temperature data; (2) because
the transponder has no integral power source, it cannot
autonomously record temperature data for batch convey-
ance to the scanner at a later time; and (3) without suf-
ficiently frequent temperature measurements, the value
and significance of temperature data is greatly compro-
mised.

SUMMARY OF THE INVENTION

[0007] Systems and methods for animal health moni-
toring are described. In one embodiment, an animal
health monitoring system includes a ruminant bolus
transponder including at least one physiological sensor,
a microcontroller with memory, a low frequency radio fre-
quency identification (RFID) transceiver, and a high fre-
quency radio frequency transmitter, a high frequency ra-
dio frequency (RF) transceiver device including at least
one physiological sensor, a microcontroller, and a high
frequency radio frequency transceiver, and at least one
base station including a high frequency radio frequency
transceiver, wherein the high frequency radio frequency
transceiver device is proximally located to the bolus
transponder, wherein the ruminant bolus periodically
emerges from a low power dormant state and measures
data including at least one sensor measurement includ-
ing time and date data, wherein the ruminant bolus is
configured to store the measured data using the memory
connected to the microcontroller in the ruminant bolus,
wherein the ruminant bolus periodically emerges from a
low power dormant state and transmits the stored data
in the memory to the proximally located device via high
frequency RF transmission, and wherein the ruminant
bolus can be spontaneously activated by a low frequency
scanner.

[0008] Inanother embodiment of the invention, the low
frequency scanner configures the ruminant bolus to
transmit the stored data.

[0009] In an additional embodiment of the invention,
the low frequency scanner is configured to reconfigure
the ruminant bolus.

[0010] In yet another additional embodiment of the in-
vention, the low frequency scanner transmits configura-
tion data and time/date synchronization to the ruminant
bolus.

[0011] In still another additional embodiment of the in-
vention, the high frequency radio frequency transceiver
device emerges from a low power dormant state at inter-
vals synchronous with the bolus transponder and the high
frequency radio frequency transceiver device receives
at least one piece of data via high frequency RF trans-
mission.

[0012] Inyet still another additional embodiment of the
invention, the high frequency radio frequency transceiver
device emerges from a low power dormant state and
records data including at least one sensor measurement
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associated with current time and date in memory.
[0013] Inyetanother embodiment of the invention, the
high frequency radio frequency transceiver device
emerges from a low power dormant state at intervals syn-
chronous with the at least one base station and the high
frequency radio frequency transceiver device transmits
stored data records including bolus transponder data and
proximal device data via high frequency transmission.
[0014] In still another embodiment of the invention, the
low frequency scanner obtains data stored on the bolus
identification number.

[0015] In yet stillanother embodiment of the invention,
the low frequency scanner reads a bolus identification
number and sensor data stored in the ruminant bolus.
[0016] In yet another additional embodiment of the in-
vention, the base station broadcasts polling requests to
at least one high frequency radio frequency transceiver
device.

[0017] In still another additional embodiment of the in-
vention, the base station is configured to broadcast via
high frequency RF.

[0018] In yet still another additional embodiment of the
invention, a polling request is addressed to at least one
high frequency radio frequency transceiver device.
[0019] Inyetanother embodiment of the invention, the
high frequency radio frequency transceiver device re-
sponds to the polling request by transmitting requested
stored sensor data.

DESCRIPTION OF THE DRAWINGS
[0020]

Figure 1 illustrates pictorially the principal compo-
nents of the present invention.

Figure 2 presents a block diagram of the ruminant
bolus electronic structure.

Figure 3 presents a block diagram of the high fre-
quency RF transceiver used to relay data to a base
station.

Figure 4 presents a block diagram illustrating data
conveyance among the system components.
Figure 5 is a state diagram illustrating the functional
operation of the ruminant bolus transponder of the
present invention.

Figure 6 is a state diagram illustrating the functional
operation of the high frequency RF transceiver of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0021] Turning now to the drawings, systems and
methods for animal health monitoring are described. The
present invention overcomes the disadvantages of the
current art by providing a bolus transponder possessing
(1) anintegral power source that permits the autonomous
collection of temperature data; (2) a real-time clock cal-
endar (RTCC) that schedules data sample times and
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time/date stamps recorded temperatures; (3) means for
temporary storage of collected temperature data; (4)
means for scheduled conveyance of temperature data
from the bolus to a proximally located high frequency
(HF) radio frequency (RF) transceiver; (5) means for long
range conveyance of temperature and identification data
from the RF transceiver to a base station that collects
data from one or more animal herds; and (6) bolus iden-
tification compatibility with standard low frequency scan-
ners for close range data conveyance. In Fig.1, the ru-
minant animal (101) possesses the bolus transponder
(103), the proximally located high frequency RF trans-
ceiver (104b) suspended from a neck collar (104a), and
an eartag (102) which may contain an electronic identi-
fication transponder as well as a visual marking. In prac-
tice, all 3 system components can be programmed to
contain the same electronic identification (EID) number,
typically an ISO compatible EID that has the decimal cod-
ed appearance "982 123456789012", for example. lden-
tification and temperature data from each animal’s health
monitoring system is conveyed wirelessly via radio link
(107, 108) to a base station (105) or to a mobile base
station (106). Alternately, the bolus transponder (103)
can communicate directly with a handheld (portable) or
stationary low frequency scanner (110) viaradio frequen-
cy link (109).

[0022] Bolus transponder (103) includes a cylindrical
form factor, typically 21mm in diameter and 70mm in
length, and is made of a material such as ceramic, which
is not only biologically inert and hermetic, but which also
imparts a suitable specific gravity to ensure retention in
the animal’s reticulum. The bolus contains an internal
cavity of suitable volume to accommodate the bolus
transponder’s requisite electronic components. The bo-
lus housing can be a two-piece assembly that fastens
together, oritcan be a one-piece assembly that is sealed
with an epoxy after the transponder assembly has been
deposited into its internal cavity.

[0023] Fig. 2 illustrates schematically the architecture
of the transponder. A printed circuit board (PCB) (201)
provides a substrate carrier onto which the essential elec-
tronic components are electrically and mechanically at-
tached.

[0024] A multi-function RF microcontroller (202) forms
a first portion of the transponder’s functional operation
and control. Such devices are manufactured by integrat-
ed circuit companies such as Silicon Labs of Austin, TX.
A preferred component that fulfills the functional require-
ments of the bolus transponder is the Silicon Labs
Si4010-C2"SoC RF Transmitter." Other companies such
as Texas Instruments and Microchip Corporation also
make such multi-function "system-on-chip" microcontrol-
ler devices.

[0025] The SiliconLabs Si4010-C2deviceis especially
well suited for the bolus transponder in that it possesses
all of the following capabilities: a 8051 microcontroller
core (e.g. a processor), 4096 bytes RAM (random access
memory), 8192 bytes NVM (non-volatile memory), a ra-
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dio frequency (RF) transmitter (27 MHz - 960 MHz), a
real-time clock calendar (RTCC), a temperature sensor,
single coin-cell battery operation (1.8 - 3.6 V), extremely
low power consumption, and a small form factor (10-pin
MSOP package). It should be noted, however, that any
physiological sensor or sensors (i.e. any sensor that
measures any data related to the health of a particular
animal) can be employed within the bolus transponder
and connected to the microcontroller as appropriate to
the requirements of specific embodiments of the inven-
tion.

[0026] A low frequency radio frequency identification
(RFID) device (211) forms a second portion of the trans-
ponder’s functional operation and control. In the present
invention, the Texas Instruments TMS37157 is a pre-
ferred component in that it is compatible with existing
ISO 11784/85 HDX transponder standards, and provides
enhanced capabilities, including a Serial Peripheral In-
terface (SPI) which accommodates connection to a mi-
crocontroller (such as the Si4010-C2), and power man-
agement modes suitable for controlling the activity of the
composite transponder.

[0027] In addition to the multi-function RF microcon-
troller (202) and the RFID interface (211), the PCB sub-
strate (201) also accommodates a battery (203), a low
frequency (LF) loop antenna (205), and a high frequency
(HF) loop antenna (204).

[0028] Battery (203) is preferably a lithium coin-cell or
cylinder type battery whose size and capacity is deter-
mined by the power requirements of the microcontroller
(202) and the required service life that the bolus must
deliver.

[0029] HF loop antenna (204) typically includes an
etched conductor path on the PCB substrate, although
other form factors (such as a helically wound coil) are
possible.

[0030] LF loop antenna (205) typically includes a con-
ventional ferrite core wire wound antenna of the same
type used in the manufacture of low frequency passive
transponders.

[0031] The multi-function RF microcontroller (202)
possesses several capabilities, among which those es-
sential to the transponder bolus of the present invention
are an RF transmitter (208), memory (207), microcon-
troller (uC) core (206), temperature sensor (209), and
real time clock calendar (RTCC) (210). In an alternate
scenario, other functions such as an analog-to-digital
(A/D) converter may exist to provide interfacing to addi-
tional physiological sensors.

[0032] The microcontroller (uC) core (206) functions in
a conventional manner using stored program control to
implement the severalfunctions of the transponder bolus.
The memory (207) portion retains the stored program
control firmware and certain transponder data in non-
volatile memory, and retains temperature measurements
and time/date information in random access memory.
[0033] Temperature sensor (209) provides the rumi-
nant’s internal body temperature information to the mi-
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crocontroller (206), and the RTCC (210) provides
time/date information concurrent with the instance when
temperature data is collected.

[0034] RF Transmitter (208) receives identification,
temperature, and time/date data from the microcontroller
(206) at scheduled intervals, and transmits this informa-
tion over near range to the proximally located RF trans-
ceiver (104b) via HF loop antenna 204.

[0035] Wheninterrogated using a conventional low fre-
quency ISO 11784/85 scanner, the scanner’s activation
signal is received by LF loop antenna (205), and RFID
device (211) provides instantaneous identification data
to the scanner. Additionally, an LF scanner with en-
hanced capabilities can collect identification, animal tem-
perature, environmentaltemperature, time/date, and oth-
er data from the transponder bolus. An enhanced LF
scanner can also impart data and configuration param-
eterstothetransponder. Examples of such imparted data
are the bolus transponder identification code (which can
match the animal’s eartag number), time/date synchro-
nization, the scheduled intervals when data is transmitted
from the transponder bolus, and other animal specific
information. These data types are stored in non-volatile
memory (207).

[0036] Fig.3 illustrates schematically the architecture
of the proximally located RF transceiver (104b). This RF
transceiver, which can be located on an animal collar,
includes a printed circuit board substrate (301) on which
electronic components are electrically and mechanically
connected. This electronic assembly is preferably en-
cased in a rugged hermetic housing that is suited to the
rigors of this application. Disassembly for replacement
of battery (303) prolongs the utility of the device. This
encased assembly can be mechanically suspended from
a collar (104a) device attached around the animal’s neck
as shown in Fig.1.

[0037] The RF transceiver (104b) requires both radio
frequency transmit and receive capabilities that provide
it the capability to (a) receive identification, time/date,
and temperature data from the transponder bolus (103),
(b) receive data conveyance requests from a distance
host system (105), and (c) transmit data acquired from
the bolus transponder (103) to a distant host system.
[0038] Typically an RF device having both transmitand
receive capability includes a discrete integrated circuit
function (is not integral with a microcontroller), but could
exist in either discrete or integral form in the present in-
vention. A preferred architecture for the collar RF trans-
ceiver (104b, 301) includes two integrated circuits: a mi-
crocontroller (302), and an RF transmitter/receiver (308).
In the present invention, the functional requirements of
the microcontroller can be satisfied with the C8051F810
device manufactured by Silicon Labs of Austin, TX, and
the RF transmitter/receiver functional requirements can
be met with the MRF49XA RF transceiver manufactured
by Microchip Corporation of Chandler, AZ. The present
invention is not functionally limited by the capabilities of
these two specific component choices, as a wide variety
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of other device are capable of providing equal, lesser, or
greater capability.

[0039] The microcontroller (302) uses stored program
control firmware retained in a non-volatile portion of
memory (307) to execute its function as a data relay be-
tween the transponder bolus (103) and base station
(105). The microcontroller also has a temperature sensor
(309) that senses environmental temperature and RTCC
(310) for time/date stamping data transmissions. In prac-
tice, the RF transceiver's RTCC can be periodically
time/date synchronized via transmissions from the base
station (105).

[0040] The animal health monitoring system compo-
nents are illustrated schematically in Fig.4. Bolus trans-
ponder (401) has been programmed with a unique animal
identification, time/date, data reporting interval, and other
animal specific information prior to insertion into the ru-
minant animal. Part or all of this programmed data can
be changed or updated using modulated activation signal
transmission (407) sent to the bolus transponder from a
low frequency scanner (406).

[0041] Once programmed and deployed in the animal,
the bolus transponder (401) resides primarily in a low
power dormant state. As determined by the programmed
data collection parameters, the bolus transponder (401)
periodically exits its dormant state, acquires temperature
data from its internal sensor, adds a time/date stamp ac-
quired from its internal RTCC, and stores this data record
in its internal memory. For example, the bolus transpond-
er could be programmed to execute this procedure once
every hour.

[0042] After several data records have been stored in
the bolus transponder’'s memory, programmed data col-
lection parameters determine when these records are
conveyed via short-range high frequency radio frequency
(404) to the collar RF transceiver (402). RF transceiver
(402) has been configured with the bolus transponder’s
identification number so that the data transmission is
known to be from the paired bolus, and not from another
nearby animal whose bolus transponder’s transmission
range might overlap. Transfer of multiple temperature
data records could occur, for example, every 8 hours.
[0043] Collar RF transceiver (402) receives identifica-
tion, temperature, and time/date data from bolus trans-
ponder (401) and stores it internally in memory. In a pre-
ferred embodiment, this data is retained by the RF trans-
ceiver (402) until solicited by base station (403). Collar
RF transceiver can by itself collect periodic environmen-
tal temperature measurements and store these with
time/date stamps, thereby retaining two data sets: that
of the animal’'s body temperature, and that of the envi-
ronmental temperature. These two data sets can be as-
sociated using the time/date stamp data associated with
each.

[0044] Base station (403) is configured to periodically
poll allanimals in the herd in order to collect animal health
data. Such polling is conducted using several different
transmission channels and /or embedding the animal
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identification number in the polling request. This latter
data acquisition method ensures that each animal is ac-
counted for and avoids data transmission collisions that
might otherwise occur if RF transceivers autonomously
sentdata atrandom times. For example, the base station
could poll the RF transceiver once every 24 hours within
a scheduled time slot. Alternately, the collar RF trans-
ceiver (402) can initiate communication with the base
station (403) at scheduled intervals and convey data.
[0045] In a typical scenario, base station (403) trans-
mits an RF signal (405) which is received by all herd
animals. Each animal’'s RF transceiver (402) inspects the
transmission for the embedded identification number,
and the RF transceiver with the matching identification
number answers the polling request by sending its stored
temperature data to the base station (403). Ifany animal’s
RF transceiver fails to respond, the polling request can
be repeated until a response is received. Furthermore,
a missing animal alert could be issued to the herd man-
ager. These polling requests can also include time/date
synchronization signals so that all RF transceivers (402)
in the herd remain synchronized. Such data acquisition
requests can be scheduled once each day, for example.
In power conserving mode, the collar RF transceiver
(402) can wake-up at scheduled intervals to prepare for
base station (403) polling queries

[0046] In an alternate scenario, identification, temper-
ature, and time/date data can be acquired directly from
the bolus transponder by a low frequency (LF) scanner.
For example, a dairy herd’s data could be acquired in
this fashion at times the herd enters the milking facility.
[0047] In an alternate configuration wherein the live-
stock population is confined to within a physically small
region, the bolus transponder can communicate directly
with the base station without the proximal HF transceiver
performing a communication relay service. In this ar-
rangement which is not part of the claimed invention,
data transmission can be scheduled, or can be triggered
upon receipt of a LF scanner activation command.
[0048] In yet another alternate scenario, identification,
temperature, and time/date data can accumulate in the
collar RF transceiver (402) over prolonged periods, and
be acquired by a mobile base station (106) that travels
from herd vicinity to herd vicinity.

[0049] Figure 5 presents a state diagram that depicts
the operational behavior of the bolus transponder. Be-
cause the bolus resides in the animal’s reticulum, its bat-
tery must last the life span of the animal. Consequently,
the bolus transponder electronics reside predominantly
in a low power dormant state (501). In dormant state
(501), the bolus RTCC function and LF wakeup stimulus
remain enabled.

[0050] Thebolustranspondercanexitits dormantstate
in one of two ways: (1) at prescribed periodic intervals
set by stored configuration data (e.g., "Auto Wakeup," or
(2) upon receipt of an activation signal sent from a low
frequency RFID reader (e.g., LF Reader Wakeup").
[0051] LF Reader activates the bolus transponder in a
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manner similar to conventional passive RFID operational
technique, and can, in the present invention, be limited
to acquiring only the transponder’s identification code.
The LF Reader transmits a signal having sufficient power
to activate a portion of the bolus transponder electronics
that permits the transponder to become self-powered by
its internal battery. Configuration data previously set in
the transponder, in conjunction with commands received
from the LF Reader determine the content and format of
the Download Data (503). Upon completion of data trans-
fer, the bolus transponder resumes its dormant state
(501).

[0052] Configuration data previously set in the trans-
ponder specifies an interval and/or a specific time/date
at which the transponder’s internal RTCC function in-
vokes a wakeup command that causes the transponder
to power up. The transponder enters a temperature re-
cording state (502) during which temperature data from
the transponder’s internal sensor, and the current
time/date, are stored as a data record in internal memory.
Upon completion of this recording task, the transponder
returns to its dormant state (501).

[0053] Configuration data previously set in the trans-
ponder also specifies a second interval and/or a second
specific time/date at which the transponder’s internal
clock/calendar function invokes a wakeup command
which causes the transponder to power up, and transmit
identification code, temperature, and time/date records
(504) to the RF transceiver where this information is
stored until transferred to the base station. Upon com-
pletion of this data transfer task, the transponder returns
to its dormant state (501).

[0054] Because the bolus RTCC function and the HF
transceiver RTCC function operate independently, loss
of time synchronization can eventually occur. The bolus
transponder includes within the data transfer packet its
instantaneous time/date, which the RF transceiver com-
pares to its time/date, and calculates a correction factor
that can revise the time/date records received from the
bolus. When in communication with a LF scanner, the
bolus time/date can be reset.

[0055] Figure 6 presents a state diagram that depicts
the operational behavior of the RF transceiver. In order
to conserve power and prolong battery life, the RF trans-
ceiver resides primarily in a low-power dormant state,
and becomes active at scheduled time intervals. With the
bolus transponder and RF transceiver clock/calendars
synchronized, the RF transceiver enables its receive
function during a time window that ensures capture of
the bolus data (602). For example, if data transfer is
scheduled to occur on the hour, the RF transceiver could
enable its receiver 1 minute early, and remain enabled
for 1 minute past the hour (or until bolus data is received.
In the event no data transfer occurs, the RF transceiver
stores an error flag that is conveyed to the base station
at a later time.

[0056] Similarly, the RF transceiver uses a time sched-
uled activation to enable an environmental temperature
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recording with time/date stamping (605), whereupon
completionthe RF transceiver resumes its dormant state.
[0057] When scheduled for being queried by the base
station (403), again the RF transceiver enables its re-
ceiver and awaits receipt of a polling signal containing
its unique identification address, whereupon it transfers
the previously acquired bolus data records along with its
own data records. During connection with the base sta-
tion (403), the RF transceiver may also acquire time syn-
chronization and configuration updating from the base
station. At completion of these data exchanges, the RF
transceiver resumes its dormant state (601) until sched-
uled to conduct another data acquisition or data transfer
task.

[0058] In the eventthe RF transceiver fails to receiver
a base station polling event when scheduled, an internal
flag is set and associated with the data sets not trans-
ferred so that these data sets can be preserved and a
transfer can be attempted at the next base station polling
event.

[0059] Alternately, the RF transceiver can remain in a
receiver enabled state so that base station polling can
occur on an ad hoc basis rather than at predetermined
scheduled times.

[0060] Although the present invention has been de-
scribed in certain specific aspects, many additional mod-
ifications and variations would be apparent to those
skilled in the art. For example, any of the various proc-
esses described above can be performed in alternative
sequences and/or in parallel (on different computing de-
vices) in order to achieve similar results in a manner that
is more appropriate to the requirements of a specific ap-
plication. Additionally, any other devices that can be con-
figured to perform the processes described herein can
be employed in a variety of embodiments of the invention.
Thus, embodiments of the present invention should be
considered in all respects as illustrative and not restric-
tive. The scope of the invention is defined by the append-
ed claims.

Claims
1. An animal health monitoring system, comprising:

a ruminant bolus transponder (103, 201, 401)
comprising at least one physiological sensor
(209), a microcontroller (202) with memory
(207), a low frequency radio frequency identifi-
cation (RFID) transceiver (211), a low frequency
antenna (205), a high frequency radio frequency
transmitter (208) and a high frequency antenna
(204);

ahighfrequency radio frequency (RF) transceiv-
er device (104b, 301, 402) comprising a micro-
controller (302), an environmental temperature
sensor (309), and a high frequency radio fre-
quency transceiver (308);
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at least one base station (105, 106, 403) com-
prising a high frequency radio frequency trans-
ceiver;

at least one low frequency scanner (406);
wherein the high frequency radio frequency
transceiverdevice (104b, 301, 402) is proximally
located to the bolus transponder (103, 201,401);
wherein the ruminant bolus is configured to pe-
riodically emerge according to a first time inter-
val from a low power dormant state and record
data comprising at least one physiological sen-
sor measurement associated with time and date
data;

wherein the ruminant bolus is configured to store
several measured data using the memory of the
microcontroller in the ruminant bolus;

wherein the ruminant bolus is configured to pe-
riodically emerge according to a second time in-
terval from alow power dormant state and trans-
mit the several measured data stored in the
memory to the proximally located high frequen-
cy radio frequency (RF) transceiver device
(104b, 301, 402) via high frequency RF trans-
mission via the high frequency antenna (204);
and

wherein the ruminant bolus is configured to be
activated by the low frequency scanner (406)
via the low frequency antenna (205),

wherein the high frequency radio frequency
transceiver device is configured to initiate com-
munication with the base station at scheduled
intervals and convey the several measured data
to the base station, or

wherein the base station is configured to broad-
cast polling requests to said high frequency ra-
dio frequency transceiver device.

The animal health monitoring system of claim 1,
wherein the system is adapted to enable the low fre-
quency scanner to collect data from the ruminant
bolus.

The animal health monitoring system of claim 1,
wherein the system is adapted to enable the low fre-
quency scanner to reconfigure the ruminant bolus.

The animal health monitoring system of claim 3,
wherein the system is adapted to enable the low fre-
quency scanner to transmit configuration data and
time/date synchronization to the ruminant bolus.

The animal health monitoring system of claim 1,
wherein:

the high frequency radio frequency transceiver
device is configured to emerge from a low power
dormant state at intervals synchronous with the
bolus transponder; and
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10.

1.

12.

the high frequency radio frequency transceiver
device is configured to receive at least one piece
of data via high frequency RF transmission.

The animal health monitoring system of claim 1,
wherein the high frequency radio frequency trans-
ceiver device is configured to emerge from a low
power dormant state and to record in memory data
comprising a plurality of physiological sensor meas-
urements associated with current time and date.

The animal health monitoring system of claim 1,
wherein:

the high frequency radio frequency transceiver
device is configured to emerge from a low power
dormant state at intervals synchronous with the
at least one base station; and

the high frequency radio frequency transceiver
device is configured to transmit stored data
records comprising bolus transponder data and
proximal device data via high frequency trans-
mission.

The animal health monitoring system of claim 1,
wherein the system is adapted to enable the low fre-
quency scanner to collect identification data from the
RFID transceiver in the bolus transponder.

The animal health monitoring system of claim 1,
wherein the system is adapted to enable the low fre-
quency scannertoread a bolus identification number
and sensor data stored in the ruminant bolus.

The animal health monitoring system of claim 1,
wherein the base station is configured to broadcast
via high frequency RF.

The animal health monitoring system of claim 10,
wherein a polling request is addressed to at least
one high frequency radio frequency transceiver de-
vice.

The animal health monitoring system of claim 10,
wherein the high frequency radio frequency trans-
ceiver device is configured to respond to the polling
request by transmitting requested stored sensor da-
ta.

Patentanspriiche

1.

Tiergesundheitsiiberwachungssystem umfassend:

einen Wiederkauerbolustransponder (103, 201,
401), umfassend mindestens einen physiologi-
schen Sensor (209), einen Mikrocontroller (202)
mit einem Speicher (207), einen Niederfre-
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quenz-Funkfrequenz-ldentifikati-
ons(RFID)-Transceiver (211), eine Niederfre-
quenzantenne (205), einen Hochfrequenz-
Funkfrequenz-Sender (208) und eine Hochfre-
quenzantenne (204);

eine Hochfrequenz-Funkfrequenz(RF)-Trans-
ceiver-Vorrichtung (104b, 301, 402), umfassend
einen Mikrocontroller (302), einen Umgebungs-
temperatursensor (309) und einen Hochfre-
quenz-Funkfrequenz-Transceiver (308);
mindestens eine Basisstation (105, 106, 403),
umfassend einen Hochfrequenz-Funkfrequenz-
Transceiver;
mindestens
(406);
wobei die Hochfrequenz-Funkfrequenz-Trans-
ceiver-Vorrichtung (104b, 301, 402) nahe dem
Bolustransponder (103, 201, 401) angeordnet
ist;

wobei der Wiederkduerbolus eingerichtet ist,
periodisch gemaR einem ersten Zeitintervall aus
einem Niederenergieruhezustand aufzuwa-
chen und Daten aufzunehmen, die mindestens
eine physiologische Sensormessung umfassen
und mit Zeit- und Datumsdaten assoziiert sind;
wobei der Wiederkduerbolus eingerichtet ist,
mehrere gemessene Daten unter Verwendung
des Speichers des Mikrocontrollers in dem Wie-
derkauerbolus zu speichern;

wobei der Wiederkduerbolus eingerichtet ist,
periodisch gemal einem zweiten Zeitintervall
aus einem Niederenergieruhezustand aufzuwa-
chen und die mehreren gemessenen Daten, die
im Speicher gespeichert sind, an die nahe an-
geordnete Hochfrequenz-Funkfre-
quenz(RF)-Transceiver-Vorrichtung (104b,
301, 402) iiber Hochfrequenz(RF)-Ubertragung
mit der Hochfrequenzantenne (204) zu Gbertra-
gen; und

wobei der Wiederkduerbolus eingerichtet ist,
durch den Niederfrequenzabtaster (406) mit der
Niederfrequenzantenne (205) aktiviert zu wer-
den,

wobei die Hochfrequenz-Funkfrequenz-Trans-
ceiver-Vorrichtung eingerichtet ist, eine Kom-
munikation mit der Basisstation zu geplanten In-
tervallen zu initiieren und die mehreren gemes-
senen Daten an die Basisstation zu transportie-
ren, oder

wobei die Basisstation eingerichtet ist, Abrufan-
forderungen an die Hochfrequenz-Funkfre-
quenz-Transceiver-Vorrichtung auszusenden.

einen Niederfrequenzabtaster

Tiergesundheitsiberwachungssystem nach An-
spruch 1, wobei das System angepasst ist, den Nie-
derfrequenzabtaster einzuschalten, um Daten vom
Wiederkauerbolus zu sammeln.
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3.

Tiergesundheitsiiberwachungssystem nach An-
spruch 1, wobei das System angepasst ist, den Nie-
derfrequenzabtaster einzuschalten, um den Wieder-
kauerbolus zu rekonfigurieren.

Tiergesundheitsiiberwachungssystem nach An-
spruch 3, wobei das System angepasst ist, den Nie-
derfrequenzabtaster einzuschalten, um Konfigurati-
onsdaten und eine Zeit-/Datumssynchronisation an
den Wiederkauerbolus zu tbertragen.

Tiergesundheitsiiberwachungssystem nach An-
spruch 1, wobei:

die Hochfrequenz-Funkfrequenz-Transceiver-
Vorrichtung eingerichtet ist, aus einem Nieder-
energieruhezustand in Intervallen synchron mit
dem Wiederkauertransponder aufzuwachen;
und

die Hochfrequenz-Funkfrequenz-Transceiver-
Vorrichtung eingerichtet ist, mindestens einen
Teil von Daten (iber Hochfrequenz-RF-Ubertra-
gung zu empfangen.

Tiergesundheitsiiberwachungssystem nach An-
spruch 1, wobei die Hochfrequenz-Funkfrequenz-
Transceiver-Vorrichtung eingerichtet ist, aus einem
Niederenergieruhezustand aufzuwachen und in
dem Speicher Daten aufzunehmen, die mehrere
physiologische Sensormessungen, die mit der aktu-
ellen Zeit und dem Datum assoziiert sind, umfassen.

Tiergesundheitsiiberwachungssystem nach An-
spruch 1, wobei:

die Hochfrequenz-Funkfrequenz-Transceiver-
Vorrichtung eingerichtet ist, aus einem Nieder-
energieruhezustand in Intervallen synchron mit
der mindestens einen Basisstation aufzuwa-
chen; und

die Hochfrequenz-Funkfrequenz-Transceiver-
Vorrichtung eingerichtet ist, gespeicherte Da-
tenaufnahmen, umfassend Bolustransponder-
daten und Nahgeréatdaten, Giber Hochfrequenz-
Ubertragung zu Ubertragen.

Tiergesundheitsiiberwachungssystem nach An-
spruch 1, wobei das System angepasst ist, den Nie-
derfrequenzabtaster einzuschalten, um Identifikati-
onsdaten von dem RFID-Transceiver im Bolustrans-
ponder zu sammeln.

Tiergesundheitsiiberwachungssystem nach An-
spruch 1, wobei das System angepasst ist, den Nie-
derfrequenzabtaster einzuschalten, um eine Bolusi-
dentifikationsnummer und Sensordaten, die im Wie-
derkauerbolus gespeichert sind, zu lesen.
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Tiergesundheitsiberwachungssystem nach An-
spruch 1, wobei die Basisstation eingerichtet ist,
Uber Hochfrequenz-RF zu senden.

Tiergesundheitsiberwachungssystem nach An-
spruch 10, wobei eine Abrufanforderung an mindes-
tens eine Hochfrequenz-Funkfrequenz-Transcei-
ver-Vorrichtung adressiert ist.

Tiergesundheitsiberwachungssystem nach An-
spruch 10, wobei die Hochfrequenz-Funkfrequenz-
Transceiver-Vorrichtung eingerichtet ist, auf die Ab-
rufanforderung durch Ubertragen angeforderter ge-
speicherter Sensordaten zu antworten.

Revendications

1.

Systeme de surveillance de santé animale,
comprenant :

un transpondeur de bolus de ruminant (103,
201, 401) comprenant au moins un capteur phy-
siologique (209), un microcontrdleur (202) avec
mémoire (207), un émetteur/récepteur d’identi-
fication par radiofréquence (RFID) basse fré-
quence (211), une antenne basse fréquence
(205), un émetteur radiofréquence haute fré-
quence (208) et une antenne haute fréquence
(204) ;

un dispositif émetteur/récepteur radiofréquence
(RF) haute fréquence (104b, 301, 402) compre-
nant un microcontréleur (302), un capteur de
température environnemental (309), et un émet-
teur/récepteur radiofréquence haute fréquence
(308) ;

au moins une station de base (105, 106, 403)
comprenant un émetteur/récepteur radiofré-
quence haute fréquence ;

au moins un scanner basse fréquence (406) ;
dans lequel le dispositif émetteur/récepteur ra-
diofréquence haute frequence (104b, 301, 402)
est situé de maniére proximale par rapport au
transpondeur de bolus (103, 201, 401) ;

dans lequel le bolus de ruminant est configuré
pour émerger périodiquement selon un premier
intervalle de temps d’'un état dormant basse
puissance et enregistrer des données compre-
nant au moins une mesure de capteur physio-
logique associée a des données d’heure et de
date ;

dans lequel le bolus de ruminant est configuré
pour stocker diverses données mesurées en uti-
lisantla mémoire du microcontréleur dans le bo-
lus de ruminant ;

dans lequel le bolus de ruminant est configuré
pour émerger périodiquement selon un second
intervalle de temps d’'un état dormant basse
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puissance et transmettre les diverses données
mesurées stockées dans la mémoire au dispo-
sitif émetteur/récepteur radiofréquence (RF)
haute fréquence (104b, 301, 402) situé de ma-
niére proximale via une transmission RF haute
fréquence via I'antenne haute fréquence (204) ;
et

dans lequel le bolus de ruminant est configuré
pour étre activé par le scanner basse fréquence
(406) via I'antenne basse frequence (205),
dans lequel le dispositif émetteur/récepteur ra-
diofréquence haute fréquence est configuré
pour lancer une communication avec la station
de base a des intervalles planifiés et acheminer
les diverses données mesurées a la station de
base, ou

dans lequel la station de base est configurée
pour diffuser des requétes de scrutation audit
dispositif émetteur/récepteur radiofréquence
haute fréquence.

Systéme de surveillance de santé animale selon la
revendication 1, dans lequel le systeme est adapté
pour permettre au scanner basse fréquence de col-
lecter des données auprés du bolus de ruminant.

Systéme de surveillance de santé animale selon la
revendication 1, dans lequel le systeme est adapté
pour permettre au scanner basse fréquence de re-
configurer le bolus de ruminant.

Systéme de surveillance de santé animale selon la
revendication 3, dans lequel le systeme est adapté
pour permettre au scanner basse fréquence de
transmettre des données de configuration et une
synchronisation d’heure/date au bolus de ruminant.

Systéme de surveillance de santé animale selon la
revendication 1, dans lequel :

le dispositif émetteur/récepteur radiofréquence
haute fréquence est configuré pour émerger
d’un état dormant basse puissance a des inter-
valles synchrones avec le transpondeur de
bolus ; et

le dispositif émetteur/récepteur radiofréquence
haute fréquence est configuré pour recevoir au
moins une donnée via une transmission RF hau-
te fréquence.

Systéme de surveillance de santé animale selon la
revendication 1, dans lequel le dispositif émet-
teur/récepteur radiofréquence haute fréquence est
configuré pour émerger d’'un état dormant basse
puissance et enregistrer en mémoire des données
comprenant une pluralité de mesures de capteur
physiologique associées a I'heure et la date actuel-
les.
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Systeme de surveillance de santé animale selon la
revendication 1, dans lequel :

le dispositif émetteur/récepteur radiofréquence
haute fréquence est configuré pour émerger
d’un état dormant basse puissance a des inter-
valles synchrones avec la au moins une station
de base ; et

le dispositif émetteur/récepteur radiofréquence
haute fréquence est configuré pour transmettre
des enregistrements de données stockées com-
prenant des données de transpondeur de bolus
et des données de dispositif proximal via une
transmission haute fréquence.

Systeme de surveillance de santé animale selon la
revendication 1, dans lequel le systeme est adapté
pour permettre au scanner basse fréquence de col-
lecter des données d’identification auprés de I'émet-
teur/récepteur RFID dans le transpondeur de bolus.

Systeme de surveillance de santé animale selon la
revendication 1, dans lequel le systeme est adapté
pour permettre au scanner basse fréquence de lire
un numéro d’identification de bolus et des données
de capteur stockées dans le bolus de ruminant.

Systeme de surveillance de santé animale selon la
revendication 1, dans lequel la station de base est
configurée pour diffuser via RF haute fréquence.

Systeme de surveillance de santé animale selon la
revendication 10, dans lequel la requéte de scruta-
tion est adressée a au moins un dispositif émet-
teur/récepteur radiofréquence haute fréquence.

Systeme de surveillance de santé animale selon la
revendication 10, dans lequel le dispositif émet-
teur/récepteur radiofréquence haute fréquence est
configuré pour répondre a la requéte de scrutation
en transmettant des données de capteur stockées
demandées.
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