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(57) ABSTRACT

A monitoring system (800) is operative for receiving sensor
signals and analyzing the sensor signals to identify events or
conditions of interest, such as Birthing, with respect to a
monitored animal. The sensors may be animal-borne sensors
such as motion related sensors. The system (800) includes a
processor (802) operative to identify the conditions of interest
based on a stored pattern database (806), threshold tables
(808) and heuristic engines (812). Upon identification of a
condition of interest, a human expert may be consulted and
alerts may be generated as required.

100

S

SELECT CONDITION OR
EVENT TO BE MONITORED

__—102

DETERMINE PARAMETERS
FOR MONITORING
CONDITION/EVENT

| —104

DETERM]NIE SENSOR
TYPE/LOCATION

|_~—106

DETERMINE ATTACHMENT
MECHANISM AND ATTACH
SENSOR TO ANIMAL

108

|
DEVELOP IDENTIFICATION
CHARACTERISTICS
FOR CONDITION/EVENT

| 110

|

OPERATE SENSOR(S) TO
OBTAIN MONITORING

IGNALS

112

CONDITION SIGNALS AND
TRANSMIT 7O PROCESSOR

| —114

OPERATE PROCESSOR TO
IDENTIFY CONDITION/EVENT

| —116

|

NOTIFY CAREGIVER OF
CONDITION EVENT

118

END



Patent Application Publication  Aug. 28, 2008 Sheet 1 of 7 US 2008/0202445 A1

100

/

SELECTCONDITIONOR | 102
EVENT TO BE MONITORED

DETERMINE PARAMETERS 104
FOR MONITORING —
CONDITION/EVENT

DETERMINE SENSOR —
TYPE/LOCATION 106

DETERMINE ATTACHMENT ]
MECHANISMAND ATTACH  |—""10
SENSOR TO ANIMAL

DEVELOP IDENTIFICATION
CHARACTERISTICS ~ p——"110
FOR CONDITION/EVENT

|

OPERATE SENSOR(SITO | —
0B TAIN MORITORING SibhaLs = 12

CONDITION SIGNALSAND  |s—114
TRANSMIT 7O PROCESSOR

OPERATE PROCESSORTO |
IDENTIFY CONDITION/EVENT | e
|

NOTIFY CAREGIVEROF | _s—118
CONDITION EVENT

END

FIG.1



Patent Application Publication  Aug. 28, 2008 Sheet 2 of 7 US 2008/0202445 A1

210

230

\\J‘\\\

220¢ " A

T TS T

FIG.2



Patent Application Publication  Aug. 28, 2008 Sheet 3 of 7 US 2008/0202445 A1

222

MULTIPLE
HORSES

2
/ ) oo
230 D
b COMMON © P |
\'\(’ : ST ROOM | D |
| 0 | -~ N
rd
| IE} : pid
7 rEs-T7
|
| e
STALL(2
STALL(T) | | (13 | @)
| [—o
N ,’ Of]
O[]
TYPICAL BARN
FACILITY

FIG.3



Patent Application Publication  Aug. 28, 2008 Sheet 4 of 7 US 2008/0202445 A1

7?2 24
!
| 244
U —fst— 246
_dst—248
\
W
\
250

280

FIG.4

0 %
7 B
] 264|266
\ \
\ “\
260 262
220



Patent Application Publication  Aug. 28, 2008 Sheet S of 7 US 2008/0202445 A1

22()

FIG.6



Patent Application Publication

Aug. 28,2008 Sheet 6 of 7

( START )

Y

RECEIVE SENSOR DATA
FROMAT LEAST ONE
ANiMAL MOUNTED SENSOR

Y

COMPARE RECEIVED
DATATO
PREDETERMINED PATTERNS

NO

A

CONDITIO 730

OF INTEREST
IDENTIFIED

GENERATE TOTAL NUMBER
OF CONDITIONS OF INTEREST
WITHIN APREDETERMINED

TIME PERICD

NO

ABOVE = 190
THRESHOLD?

GENERATE OUTPUT

FIG.7

US 2008/0202445 A1l

700

710

720

|_s—740

| _s——760



Patent Application Publication

PROCESSOR

HEURISTIC
ENGINES

Aug. 28,2008 Sheet 7 of 7

/\

N m—
m—
806—""
812 804
|_—802

308—

FIG.8

> THRESHOLD

> e

N\ / §10—""1

US 2008/0202445 A1l

800

S

TN
S

STORED PATTERN
DATABASE

N~

TN
S

TABLES

~




US 2008/0202445 Al

MONITORING SYSTEM FOR ANIMAL
HUSBANDRY

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority under 35 U.S.C.
.sctn. 120 as a continuation of U.S. patent application Ser. No.
11/198,914 entitled “Monitoring System for Animal Hus-
bandry,” having a filing date of Aug. 5, 2005 and which claims
priority under 35 U.S.C. .sctn. 119 to U.S. Provisional Appli-
cation No. 60/599,133 entitled “Animal Monitoring System,”
having a filing date of Aug. 5, 2004; the contents of each of
which are incorporated herein as if set forth fully herein.

FIELD OF THE INVENTION

[0002] The present invention is directed to automated
monitoring of animals. More specifically, the present inven-
tion is directed to monitoring symptoms or indications such
as characteristic movements or other behaviors or medical
parameters of animals to detect events/conditions of interest.

BACKGROUND

[0003] In animal husbandry settings, for example equine
boarding facilities, breeding facilities, zoos and dairy farms,
the health of animals is typically monitored by the staff of the
facility and/or the owners of the animals. Such monitoring
typically involves periodically visually inspecting the ani-
mals to identify any outward signs of potentially disabling
conditions or other events of interest. As will be appreciated,
many potentially disabling or fatal conditions are treatable
and early detection may reduce the impact of the condition on
a particular animal and/or prevent/reduce the spread of a
contagious condition to other animals. Such events of interest
may include, without limitation, equine colic, foaling, injury
and lameness. [t will be appreciated that many other examples
are possible.

[0004] Inequine settings, one potentially fatal condition of
particular interest is colic. The term “colic” is applied to a
variety of conditions of the digestive tract of which pain is the
chief symptom. Various malfunctions, displacements, twist-
ings, swellings, infections, or lesions of this complex body
system are recognized as colic. The most common types of
colic include, without limitation, intestinal impaction, colon
impaction, intestinal obstruction, colon obstruction, intesti-
nal strangulation, displacement, volvulus, spasmodic, gas,
ileus, enteritis/colitis, and gastric distention/rupture. Less
common types of colic include intestinal and colon parasitic
colics, gastric ulcers, and intestinal stasis.

[0005] The causes of the various different types of colics
are often unknown and may be linked to factors including the
confinement of grazing animals for substantial periods of
time each day. Colic is one of the oldest known disorders of
horses, and has long been considered to be the most danger-
ous and the most costly equine internal disease. In this regard,
colic is believed to be the leading cause of preventable death
in horses and is generally considered to be responsible for
about 17.5% of all equine deaths. Colic can kill a horse in a
matter of hours and thus early detection is paramount.
Detected in time, colic can usually be treated successfully
using, for example, various non-invasive treatments, (e.g.,
drug treatments) as well as invasive (e.g., surgical) tech-
niques. While this discussion has focused on colic for pur-
poses of illustration, it will be appreciated that it may be
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desired to monitor performance, working, show or other
horses for a variety of injuries and other medical conditions,
to accumulate medical data, or to detect a variety of non-
medical events of interest such as escapes from containment,
environmental exposures and the like.

[0006] Indairy settings, one particular concern is lameness.
That is, foot and leg problems are major animal health con-
cern for many dairy farmers. Typically lameness results in
poor performance and can result in substantial economic loss.
For instance, when a dairy cow begins to favor a particular
leg/foot, it may be an indication that the cow’s hooves need to
be trimmed to prevent worsening of the condition. Left
untreated, initial lameness may result in one or more condi-
tions that may require antibiotic treatment. For instance, an
inflammation within the hoof may develop into a condition of
laminitis, which may further cause mastitis. Economically,
the result of lameness is typically much greater than the
treatment costs alone. In this regard, it will be appreciated that
treatment may reduce milk yields, require milk to be dis-
carded during antibiotic treatment, and of course require
additional labor costs. Accordingly, it is desirable to identify
lameness early such that corrective measures may be taken
before antibiotic treatment is required. Again, dairy cows may
be monitored for many other reasons. Also, it will be appre-
ciated that it may be desired to monitor a variety of animals in
a variety of settings.

[0007] As noted above, in animal husbandry settings,
monitoring the health of animals typically involves visually
inspecting the animals to identify any outward signs of poten-
tially disabling conditions or other events of interest. How-
ever, inmany cases animals are only monitored during routine
care (e.g., feeding) of the animals and, perhaps, at the end of
the day. In such instances, many animals may be present at a
single time and careful monitoring of individual animals may
be difficult. Furthermore, such monitoring may be performed
by inexperienced and/or poorly trained individuals. Finally,
and perhaps most importantly, many animals in animal hus-
bandry settings are left unmonitored for long periods of time
(e.g., overnight) during which the onset of a condition of
interest may occur. In particular, most colic deaths occur at
night. As a result, conditions of interest may be identified too
late to save the animal or only after the condition has wors-
ened or treatment options have narrowed.

[0008] Some systems have been proposed or implemented
for monitoring animals. For example, certain stall based or
other external sensor systems have been proposed or imple-
mented to detect conditions such as foaling based on sensing
certain behaviors. Other systems attempt to provide a foaling
alert based on sensing the expulsion of a foal or water. Still
other sensing systems have been used in experimental or
training environments to monitor an animal’s gait. Addition-
ally, a variety of sensors have been used in clinical and experi-
mental settings to monitor various medical parameters to
detect conditions of interest.

[0009] However, such systems are generally subject to one
or more of the following limitations: 1) they are limited to
monitoring an animal in a particular location, e.g., in a stall or
otherwise in proximity to a sensor; 2) they are limited to
monitoring a specific parameter or medical condition; 3) they
are intended for brief experimental or periodic monitoring
use and thus have limited potential for identifying sudden
onset conditions; 4) they are intended for supervised or
attended operation; 5) they entail a significant risk of
entanglement or animal injury; 6) they are not conveniently
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transportable as may be desired; and/or 7) they are not
intended as mass market systems or are otherwise cost pro-
hibitive. It will be appreciated that medical and other condi-
tions may be better monitored and greater animal information
may be collected and aggregated by using a system that can be
widely deployed by owners or others, that can be safely
utilized in a variety of locations and environments, including
overnight or longer term environments, to provide a variety of
information for analysis, and that can make information avail-
able for remote analysis and aggregation.

SUMMARY OF THE INVENTION

[0010] The inventors have recognized that by detecting the
motion, sound, temperature, pulse rate, respiratory rate and/
or sweating or other discharges of an animal utilizing one or
more sensors, the onset of numerous conditions of interest
may be detected utilizing an automated system. Outputs from
one or more such sensors may be collected and compared to
known baselines for a particular animal and/or compared to
known baselines for a particular type and/or breed of animal.
Upon identifying a change or pattern in the output of the
sensors that is indicative of one or more conditions of interest,
an output may be generated to alert a caregiver of a potential
event of interest. Accordingly, a caregiver may then inspect
and/or treat the animal.

[0011] In this regard, the present invention is directed to a
method and apparatus (“utility”) for monitoring an animal for
acondition of interest. The invention enables such monitoring
to detect medical and non-medical events of interest or to
obtain or aggregate information regarding animal behaviors
and conditions. In this regard, the invention allows for safe
and reliable long-term monitoring of animals in a variety of
conditions including in the animals’ customary living envi-
ronments, whether in stalls or outside. Significantly, the
invention allows for identification of events that may require
prompt attention as well as remote notification of caregivers.
In this manner, the invention can be used to save animals,
improve diagnosis, minimize the potential harmful conse-
quences of various conditions, enhance treatment options,
reduce lost revenues, and increase caregiver peace of mind.
[0012] Inaccordance with one aspect of the present inven-
tion, a utility is provided for monitoring a non-human animal
for a condition of interest. For example, the non-human ani-
mal may be a working animal, a performance animal, a show
animal, a pet, an exotic animal or other animal. The condition
of interest may be a medical condition such as colic, injury or
lameness, or a non-medical condition such as an escape or
undesired environmental exposure. Significantly, the animal
may be monitored on a long-term basis to identify a sudden
onset condition of interest potentially requiring prompt atten-
tion.

[0013] Theutility involves attaching a sensor to the animal,
receiving an output from the sensor that is potentially indica-
tive of the condition of interest, processing the output to
obtain processed information regarding the condition of inter-
est, and providing an output related to the condition of inter-
est. At least one of the steps of receiving the sensor signal and
providing an output involves a wireless transmission of data
between a first transfer node at the animal and a second node
separate from the animal. For example, the wireless transmis-
sion may be an RF, Infrared, microwave or other transmis-
sion. The type of transmission employed in this regard may
depend on power requirements, potential interferences,
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licensing issues and performance in challenging environ-
ments (through water, mud, etc.)

[0014] A variety of architectures may be used to implement
this aspect of the invention. For example, the sensor output
may be digitized, filtered, analyzed, or otherwise processed
by local processing resources at the animal or such processing
may be separately implemented. In the latter regard, such
processing may be executed locally, for example, at a stable,
barn or other caregiver facility or may be executed remotely,
e.g., via transmission of data across a wide area network such
as the Internet. It will thus be appreciated that the system may
be implemented as a fully contained system within the control
of'a caregiver, a hosted application in the control of an appli-
cation provider or other service provider, or a combination
thereof. Different revenue models may be associated with
such differing architectures.

[0015] In addition, a variety of different types of sensors
may be employed in accordance with this aspect of the inven-
tion depending, for example, on the nature of the monitoring
application. In this regard, the animal based sensors may be
internal (e.g., implantable) or external sensors. Some
examples of animal based sensors that may be employed
include motion/rate sensors, force/strain acoustic sensors,
temperature sensors, electrical sensors (e.g., for electrocar-
diography, pain detection, electrointestineography, etc.), lig-
uid sensors (e.g., for detecting liquids associated with foaling,
or sampling sweat, urine or other liquids), gas sensors (e.g.,
for analyzing breath, gaseous emissions, etc.) and optical
sensors (such as oximeter sensors, motion sensors and cam-
eras).

[0016] Similarly, the processing of the signal may vary
depending on a number of factors including the particular
monitoring application involved. Generally, such processing
may involve filtering to distinguish the signal of interest from
artifact, pattern matching and threshold analyses. For
example, in the case of detecting colic, motion sensors may be
employed to sense motions indicative of colic such as stretch-
ing of the abdomen, looking at the flanks, persistent pacing
and pawing at the ground. Such motion related indicators may
be identified based on analysis of the detector signal to iden-
tify associated signal characteristics. This may involve pat-
tern matching, one or more threshold analyses or a variety of
other time-based, frequency-based, or other domain analyses.
Such analyses may implement fixed algorithms or may be
adaptive or heuristic in nature. Additionally, associated
thresholds and other values may be theoretically or empiri-
cally derived. Moreover, continuing with the colic example,
other factors may be of interest such as the presence or
absence of sweating, urination, etc. Such other factors may be
detected by other kinds of sensors such as fluid sensors or
acoustic sensors that may be animal based or non-animal
based. In the latter regard, such sensors may be configured for
sensing the microenvironment (e.g., the stall, trailer or other
local environment) of the animal or the macroenvironment
(e.g., weather environment) of the animal. Accordingly, the
processing may involve a multi-variant analysis including
inputs from multiple types of animal based sensors or from
animal based and non-animal based sensors.

[0017] Different types of outputs may be provided again
depending, among other things, on the particular application.
One significant class of applications involves detecting medi-
cal or other events requiring prompt attention. In this case, an
alarm or other notification may be provided. Such a notifica-
tion may be provided locally and may be in any suitable form
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such as visual, audible or the like. Additionally or alterna-
tively, such an output may be provided remotely, e.g., via a
wireless or wire line voice, data, and/or other network. In
other cases, the output may be physiological parameter or
behavior information which can be aggregated for medical
research or scientific analysis.

[0018] In accordance with another aspect of the present
invention, a utility is provided for monitoring a horse via an
animal-borne sensor to identify a colic related event. The
utility involves providing at least one horse-borne sensor for
generating a sensor signal potentially indicative of the colic
related event, operating the sensor to provide the sensor signal
and outputting data based on the sensor signal to a processor
operative for identifying the colic related event based, at least
in part, on the sensor signal. One or more sensors of the same
or multiple types may be utilized in this regard. For example,
multiple sensors may be utilized to provide multiple motion
related signals. In one embodiment, such sensors are attached
to each of the horse’s hooves and to the horse’s head. Addi-
tional sensors such as acoustic sensors may be utilized.
[0019] The sensor signal may be provided on an occasional
or substantially continuous basis. For example, the sensor
output may be provided continuously over a monitoring
period, e.g., overnight, between riding or exercise sessions, or
on a longer term basis. Alternatively, the sensor may be oper-
ated occasionally, for example, to conserve an associated
battery or reduce use of another power source. In the case of
occasional operation, such operation may occur on a pre-
scheduled or regular (periodic) basis, or may be triggered by
a defined event such as sensed motion (e.g., sensed by the
sensor or a separate motion detector that may be hardwired,
not battery dependent). The signal may be output in substan-
tially raw form or may be processed prior to transmission. The
output preferably involves a wireless transmission so as to
avoid the need for wire line connections to the horse. The
associated connection may be bi-directional to provide
instructions to the animal-borne system, e.g., to initiate or
cease measurements, to switch transmission modes, etc. An
associated apparatus includes a sensor, attached to the horse,
for providing a sensor signal potentially indicative of the colic
related event and an interface for outputting the sensor signal
to a processor operative for identifying the colic related event
based, at least in part, on the sensor signal.

[0020] In accordance with another aspect of the present
invention, a further utility is provided for monitoring a horse
via an animal-borne sensor to identify a colic related event.
The utility involves receiving a signal from a horse-borne
sensor where the signal is potentially indicative of a colic
related event and analyzing the sensor signal to identify the
colic related event. For example, the step of receiving may
involve detecting a wireless signal and/or receiving an output
from an antenna. The signal may be analyzed to identify a
pattern associated with colic or to compare a calculated value
to a predetermined colic threshold. A single parameter or a
multi-variant analysis may be applied in this regard. In addi-
tion, such analysis may involve time domain, frequency
domain or other domain processing of the signal.

[0021] According to another aspect of the present inven-
tion, the utility is provided for monitoring an animal (e.g.,
horse, cow, exotic animal, etc.) to identify an event of interest
based on a motion related parameter. For example, the event
of interest may be a medical or non-medical event requiring
prompt attention. More specifically, the inventor has recog-
nized that many conditions of interest in animal husbandry
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settings may be characterized at leastin part by movements of
the animal. For instance, the state of colic may be character-
ized by an abrupt change in normal behavior in which various
degrees of restlessness are seen. Mild colic may produce
behavior such as: the stretching of the abdomen, looking at
the flanks, repeated yawning and/or teeth grinding. Signs of
moderate colic may include: persistent pacing in the stall;
pawing at the ground; kicking at the belly; adopting a crouch-
ing stance; grunting, and getting up and down frequently.
Severe colic signs may include the above, but with profuse
sweating, rolling and occasionally self-inflicted trauma.
Likewise, the state of lameness is typically characterized by a
change in the normal gait of an animal. In either case, the
symptoms of one or more conditions of interest may involve
motions or behavior of the animal and/or associated sounds.

[0022] The utility involves attaching a sensor to the animal
for sensing the motion related parameter, operating the sensor
to provide a sensor signal and analyzing the sensor signal to
identify the event of interest. For example, the sensor may
provide position information or rate information, e.g., veloc-
ity (or simply speed) or acceleration information. In this
regard, the sensor may include an accelerometer and/or a
gyroscope. Such information may be provided relative to
multiple spatial axes. The sensor signal may be analyzed to
identify any of various events of interest such as a colic event,
an injury, foaling, lameness or other conditions that may be
identified based on the motion related parameter. An associ-
ated apparatus includes a sensor, attached to the animal, for
sensing a motion related parameter, a processor for analyzing
data based on the sensor signal to identify the event of interest
and interface structure disposed between the sensor and the
processor. Novel structure and methodology are provided
with respect to each of the sensor side and a processor side
functionality.

[0023] According to a further aspect of the present inven-
tion, a utility is provided for affixing a sensor to the hoofof'a
hoofed animal. It will be appreciated, in this regard, that
affixing a sensor to a hoof is particularly challenging due to
the physiology of the hoof as well as the rugged environment
of the hoof. In the latter regard, a sensor attached to a hoof
may be subjected to scratching or other contact by the animal
or other animals as well as exposure to mud, snow or other
environmental factors. The utility involves providing the sen-
sor, and adhesively bonding the sensor to the animal’s hoof,
e.g., using a horseshoe adhesive. In this regard, the sensor
may be directly adhered to the hoof or may be bonded to the
hoof by way of separate support structure. Preferably, such a
separate support structure allows access, for example, to
change a battery or service an associated component while
the adhesive bond remains intact. The utility may further
involve a mechanical attachment to the hoof, such as a screw
attachment, to supplement the adhesive connection. An asso-
ciated apparatus includes a sensor for sensing a hoof related
parameter and an adhesive for bonding the sensor to the hoof.

[0024] According to a still further aspect of the present
invention, a utility is provided for monitoring multiple ani-
mals, for example, in a communal setting, to identify condi-
tions of interest. The utility involves attaching at least one
sensor to each ofthe animals, providing a processing platform
operative for processing sensor signals to identify conditions
of interest and linking the sensors attached to the multiple
animals to the processing platform. In one implementation,
the sensors are linked to the processing platform via a wire-
less connection and the signals are encoded in a manner that
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enables distinguishing the signals from the different animals.
In this manner, certain efficiencies are provided in relation to
the processing. For example, a single processing platform can
support monitoring multiple animals and difficulties associ-
ated with updates to the processing logic are minimized. The
processing platform may be locally controlled or may be
interconnected to the sensors via a wide area network such as
the Internet.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] For a more complete understanding of the present
invention and further advantages thereof, reference is now
made to the following detailed description taken in conjunc-
tion with the drawings, in which:

[0026] FIG. 1 is a flow chart illustrating an animal moni-
toring process in accordance with the present invention;
[0027] FIG.2 is a schematic diagram illustrating an animal
monitoring system for monitoring a single animal in accor-
dance with the present invention;

[0028] FIG. 3 is a schematic diagram illustrating an animal
monitoring system for monitoring multiple animals in accor-
dance with the present invention;

[0029] FIG. 4 is a schematic diagram of an animal moni-
toring system in accordance with the present invention;
[0030] FIG. 5illustrates a sensor attached to the hoof of an
animal in accordance with the present invention;

[0031] FIG. 6 is a side view of the sensor of FIG. 5;
[0032] FIG. 7 is a flow chart illustrating a processing
method in accordance with the present invention; and
[0033] FIG. 8 is a schematic diagram of an animal moni-
toring system in accordance with the present invention.

DETAILED DESCRIPTION

[0034] Reference will now be made to the accompanying
drawings, which assist in illustrating the various pertinent
features of the present invention. Although the invention will
now be discussed primarily in conjunction with equine appli-
cations, and in particular to the detection of colic, it should be
expressly understood that the invention is applicable to other
applications. For instance, the invention may be applied to
other animals such as cattle as well as exotic animals (e.g.,
700 animals) for the purpose of detecting estrus, birthing,
lameness, as well as other conditions such as injury. Addi-
tionally, certain aspects of the invention are useful in gather-
ing and aggregating various information, for example,
regarding animal behavior, health and physiology, for medi-
cal, scientific or other purposes. In this regard, the following
description of an equine monitoring system is presented for
purposes of illustration and is not intended to limit the inven-
tion to the form or applications disclosed herein. Conse-
quently, variations and modifications consummate with the
following teachings, and skill and knowledge of the relevant
art, are within the scope of the present invention. The embodi-
ments described herein are further intended to explain modes
known of practicing the invention and to enable others skilled
in the art to utilize the invention in such, or other embodi-
ments and with various modifications required by the particu-
lar applications for uses of the invention.

[0035] The description set forth herein is separated into
four subsections. Initially, an overview of the animal moni-
toring system is provided. An individual animal monitoring
system is then disclosed with particular application to detect-
ing colic events. Thereafter, a multiple animal monitoring
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system is set forth in the context of the present invention.
Finally, individual components of the animal monitoring sys-
tem are set forth in detail.

System Overview

[0036] FIG. 1 is a flow chart providing an overview of the
animal monitoring system of the present invention. As dis-
cussed above, the system can be used to monitor a variety of
conditions or events with respect to animals under analysis.
Accordingly, the process 100 of FIG. 1 is initiated by select-
ing (102) the condition or event to be monitored. These may
relate to behavior, physiological conditions or other condi-
tions such as escape or exposure potentially harmful environ-
mental conditions. Thus, the system of the present invention
may be used to monitor health conditions, e.g., for which
early intervention is of value, to provide supplemental data
post discovery, to provide supplemental data pre-discovery
(e.g., that may become of value once an event/condition is
known), for educational value to equine professionals or own-
ers, or for emotional value (e.g., to monitor animals while at
work, on vacation, etc.).

[0037] With regard to medical conditions, it is presently
expected that the system is useful to monitor at least the
following conditions in horses:

[0038] Acute and Chronic Laminitis
[0039] Acute Serous Arthritis

[0040] Bacterial Septicemia

[0041] Bruised Sole

[0042] Bucked Shins

[0043] Cast in Stall

[0044] Cervical Injury

[0045] Chronic Backpain

[0046] Colic and other alimentary digestive and gas-
trointestinal problems

[0047] Cracked Hoof Wall

[0048] Crypt. Parvum

[0049] DOD/OCD

[0050] EIA

[0051] EMND

[0052] Equine protozoal myeloencephalitis (EPM)
[0053] Foal Pneumonia

[0054] Fracture

[0055] Knee-Knocking

[0056] Longtoe Foot

[0057] Nail Bind

[0058] Navicular Disease

[0059] OPD (Heaves)

[0060] Osselets

[0061] Osteoarthritis and joint disease
[0062] Osteochondrosis

[0063] Pricked Foot

[0064] Respiratory disease-misc
[0065] Rhodococcus equi

[0066] Salmonella

[0067] Sheared And Contracted Heels
[0068] Spinal Ataxia

[0069] Splints

[0070] Tendonitis

[0071] Tom Hoof Laminae

[0072] Tying Up

[0073] Vesicular Stomatitis

[0074] Wobbler syndrome and these conditions in cows:
[0075] Lameness

[0076] Coliform (acute) mastitis
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[0077] Respiratory problems, including BRD, BRD Com-
plex, pneumonia and pasteurellosis

[0078] Digesting problems, including bloat, scours, acido-
sis, and displaced abomasums

[0079] Poisoning

[0080] Neurological diseases

[0081] Calving

[0082] Detection and tracking of heat (estrus)

[0083] Milk fever

[0084] Grass tetany

[0085] Blackleg

[0086] Enterotoxaemia

[0087] Clostridal enteritis

[0088] Botulism, ketosis, fat cow syndrome, redwater dis-

ease, and vesicular stomatits

[0089] Foot and Mouth Disease (FMD)

[0090] Bovine Spongiform Encephalopathy (BSE) “Mad
Cow Disease”

[0091] Contagious bovine pleuropneumonia (CBPP)
[0092] Rinderpest

[0093] Rift Valley Fever

[0094] Although a number of horse and cow conditions

have been specifically identified, it will be appreciated that
other conditions may be monitored in horses and cows, and
these or other conditions may be monitored in other animals
in accordance with the present invention.

[0095] In addition, this system can be used to identify con-
ditions or events related to animal performance. It is noted in
this regard that performance animals are athletes. These ani-
mals are trained to achieve high levels of performance. How-
ever, they can not provide feedback to their trainers. The
system of the present invention can be used in this regard to
provide information regarding a variety of parameters. More-
over, these parameters can be provided over long time periods
and in actual performance conditions rather than being lim-
ited to treadmill acquisition or the like. Among the parameters
that can be monitored in this regard are:

[0096] Ventilation Analysis

[0097] Heart Rate Zones

[0098] Blood Gas Analysis

[0099] Body Temperature

[0100] Cardiac Output

[0101] Stride Biometrics

[0102] Gas Exchange

[0103] Blood Lactic Acid Concentration
[0104] Mixed Venous Blood Gas Analysis
[0105] Blood Pressure

[0106] Sweating Rate

[0107] Conformation

[0108] The present invention can also be used to monitor

conditions or events of interest relating to the microenviron-
ment or macroenvironment of the animal under analysis. With
regard to the microenvironment, a variety of conditions for
which early intervention is of value may be detected such as
fire, dust or the like. With regard to the macro environment,
sudden barometric or temperature change, or a variety of
other weather or other conditions can be detected. It will be
appreciated that data may also be collected using the system
of'the present invention for research, scientific or other medi-
cal purposes, including purposes unrelated to any predeter-
mined condition or event of interest.

[0109] In the illustrated process 100, after a condition or
event to be monitored has been selected, parameters are deter-
mined (104) for monitoring the condition or event. For
example, in the case of detecting colic events, it has been
recognized that such events may be identified based on cer-
tain motion related parameters. For example it has been
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observed that the onset of a colic event may be identified
based on characteristic movement such as persistent pacing in
the stall, pawing at the ground, kicking at the belly, adopting
a crouching stance, grunting, and getting up and down fre-
quently. This suggests that motion related parameters may be
monitored. Similarly, certain animal movements may char-
acterize pre-birth stages of foaling such as restlessness, tail
switching, pacing and the like. Additionally, colic, foaling
and other conditions may be indicated by other parameters
such as sweating, increased heart rate, increased respiration
rate, pain, fluid discharges and the like. Accordingly, a variety
of parameters may be of interest depending on the selected
condition or event.

[0110] Once the parameters to be monitored have been
determined, one or more appropriate sensor types and loca-
tions may be determined (106). For example, in the case of
colic, motion sensors may be disposed on the hooves and the
head to detect the noted colic related movements. Electrodes,
acoustic sensors (e.g., for sensing heart rate, urination, or the
presence or absence of gut sounds), optical sensors (e.g.,
oximeter sensors or cameras), liquid sensors (e.g., for blood
analysis to implement temperature sensing, adrenaline for
pain identification, glucose, or gene expression or for other
body fluid analysis with respect to conductivity, dissolved
gas, dissolved solids, ions, pH, viscosity, tubidity or the like)
or other sensors may be disposed at appropriate locations on
the animal under analysis to detect other conditions.

[0111] The illustrated process 100 then proceeds by deter-
mining (108) an attachment mechanism in attaching the sen-
sor to the animal. It will be appreciated that the attachment
mechanism will generally depend on the sensing application
and attachment location. For example, in the case of attaching
sensors to a hoof, adhesives and mechanical attachment
mechanisms may be used as described below. In the case of
attaching a sensor to a horse’s head, it may be preferred to
attach the sensor using a breakaway halter or the like. Elec-
trodes may be attached using adhesives and it may be neces-
sary to prepare the sensor location by removing hair, cleaning
the location or the like.

[0112] Identification characteristics are also developed
(110) for the condition/event of interest. This may occur prior
to and/or after the initiation of the analysis. In this regard,
some of the relevant characteristics may be known a priori.
For example, in the case of colic, it may be known that it is
desired to detect behaviors such as looking at the flanks and
pawing at the ground and certain signal properties corre-
sponding to these movements may be characterized. How-
ever, it may also be useful to distinguish such signals from
normal activities for the individual animal under consider-
ation. Accordingly, patterns associated with normal activities
(e.g., baseline data) and patterns associated with conditions of
interest may be developed heuristically. More generally, the
present invention can be used to obtain a large volume of data
which can be analyzed to identify patterns of interest and
distinguish such patterns from other signals.

[0113] The sensor or sensors can then be operated (112) to
obtain monitoring signals. In this regard, the sensors may
operate continuously during an extended monitoring period
or may be operated from time-to-time, e.g., periodically or in
response to a triggering event as discussed above. The signals
may then be conditioned (114) and transmitted to a processor.
Such conditioning may involve analog-to-digital conversion,
filtering, and preliminary processing. It will be appreciated
that the processing may be distributed between animal-borne
resources and a remote processor. With regard to transmitting
data, such transmissions preferably involve a wireless inter-
face between the horse and a remote platform and vice versa
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s0 as to avoid wire line connections with attendant entangle-
ment concerns and other damage concerns (e.g., due to
rodents). It will be appreciated that the signals may be trans-
mitted to a local or remote processor. In this regard, the
present invention lends itself to telemedicine applications.
Indeed, the invention may be used to enable rapid consulting
with experts across town or around the world. It is expected
that it may be useful to have human involvement in identify-
ing or confirming certain conditions of interest, e.g., prior to
generating an alert. In the case of multi-animal monitoring
environments, for example, at stables or other boarding facili-
ties, identification information may be encoded into the trans-
missions to enable signals from different animals to be dis-
tinguished. For example, such encoding may involve
multiplexing schemes such as frequency division multiplex-
ing, time division multiplexing or code division multiplexing
or may otherwise involve appending of code information to
the transmitted signals.

[0114] The processor is then operated (116) to identify the
condition or event. This may involve pattern matching,
threshold comparisons or the like. In addition, this may
involve a single variable analysis or multi-variant analysis,
e.g., involving motion sensor information and acoustic sensor
information. When a condition/event of interest is identified,
the caregiver can be notified (118). For example, this may be
accomplished by way of an audible or visual alarm, or by way
of a telephony or data network.

Individual Animal Motion Monitoring System

[0115] FIGS. 2 and 3 illustrate an animal motion monitor-
ing system 210 as utilized on a horse 212. As shown, the
motion monitoring system includes a plurality of sensors that
are attached to the horse 212. Specifically, in the embodiment
shown, four sensors are interconnected to the hooves of the
horse 212. These hoof sensors 220a-d include at least a
motion sensor that is operative to detect movement of each
leg/hoof of the horse 212. Interconnected to the head of the
horse is a head sensor 222. The head sensor 222 is also
operative to detect motion of the horse’s head. In the embodi-
ment shown, the head sensor 222 is incorporated into a trans-
ceiver module 224. However, it will be appreciated that the
head sensor and transceiver module 224 may be separate
units. The transceiver module 224 is able to communicate
with each of the hoof mounted sensors 220a-d as well as the
head sensor 222. Furthermore, the transceiver module 224 is
operative to transmit data from the sensors 220a-d, 222 to a
remote computer for analysis purposes, as will be discussed
herein.

[0116] In the illustrated embodiment, sensors 220a-d and
222 may include, for example, an accelerometer and/or iner-
tial gyro sensor. Use of sensors located on each hoof as well
as the head of the horse 212 allows the system 210 to track the
motions of the horse’s legs and head for comparison with
known patterns, which may include normal patterns as well as
events of interest patterns. That is, by monitoring the output of
each sensor 220a-d and 222, the relative positions of the
sensors may be determined and correlated to animal posture
or movement.

[0117] The hoof sensors 220a-d may be interconnected to
the horse’s hooves in any appropriate manner. For instance,
the sensors may be glued to an outside surface of the hoof
and/or utilize a shallow penetration screw that extends into a
portion of the hoof. In any case, it will be appreciated that as
the hoof grows out, the sensor 220a-d will have to be removed
and repositioned higher on the hoof. This may need to be done
about as often as the horse is re-shoed. Another option to
maintain the hoof sensors 220 in contact with the hooves
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and/or legs of the horse is to mount the sensors in a hoof boot
or legging. Preferably, when utilized with a boot/legging, the
hoof sensors 220 will be held in direct contact with a surface
of the leg and/or hoof of the horse. This direct contact may
allow for improved motion detection as well as the detection
of additional physiological parameters (e.g., temperature) as
will be more fully discussed herein. In any case, hoof sensors
220a-d are operative to generate a motion signal indicative of
movement of the horse’s leg. This motion signal may be
transmitted over a wireless link between each hoof sensor
220a-d and the transceiver module 224.

[0118] In the embodiment shown, the transceiver module
224 is mounted to the head of the horse 212. However, it will
be appreciated that components of the transceiver module 224
may be mounted to other portions of the horse 212. However,
in the illustrated embodiment, a sensor 222 is mounted to the
head of the horse such that the position or movement of the
horse’s head may be determined. Generally, the transceiver
module 224 will serve two functions: 1) tracking the head and
hoof motion and 2) relaying hoof and head motion data to a
remote computer 230. In an alternate embodiment, the trans-
ceiver module 224 may also process sensor data to identify
the onset of one or more events of interest. However, in the
present embodiment, the remote computer 230 is utilized to
reduce the size and power requirements of the transceiver
module 224.

[0119] As shown, transceiver module 224 and the head
sensor 222 are mounted to the head of the horse utilizing a
breakaway halter 226. However, it will be appreciated that
any means of mounting a sensor to the head of the horse may
be utilized including the use of an implantable motion sensor.
However, such implantable sensors will require onboard
power sources such as, for example, kinetic energy sources
and/or a battery.

[0120] Remote computer 230 may be any hardware module
that is operative to receive and process sensor data. Prefer-
ably, the size of the remote computer may be reduced to allow
the remote computer 230 to be removed from a first location
(e.g., barn) and taken with the horse to another location dur-
ing travel. In this regard, it may desirable that the remote
computer 230 be able to fully function using alternate power
sources (e.g., AC sources and DC sources).

[0121] Alternatively, the remote computer may be accessed
during travel via a WAN. In any case, the remote computer
230 is operative to receive and process sensor data to identify
changes in animal behavior relative to known baseline behav-
iors. Once a difference is detected that corresponds with an
event of interest, the remote computer 230 is operative to
generate an output. Such an output may be alocal output (e.g.,
a light and/or sound) or may be an output that is adapted for
delivery over a communications network. In this regard, the
remote computer 230 may include an output port (e.g., hard-
wired or wireless) that is adapted to provide the output to one
or more communications networks. Such communications
networks may include, without limitation, telephony net-
works (wireless and/or land line), the Internet and/or a VPN.
The output may be in any appropriate form based on the
communications network utilized. For instance, such output
may be atext, voice and/or other data output. Additionally, the
remote computer 230 may be operative to provide a local
output such as an audible or visual alarm. In any case, the
output indicating a potential event of interest may be deliv-
ered to a predetermined caregiver such that appropriate action
may be taken.

[0122] One function of the remote computer 230 is to uti-
lize the motion sensor data received from the transceiver
module 224 to determine how the horse is moving and behav-



US 2008/0202445 Al

ing. Accordingly, the remote computer 230 utilizes pattern
recognition algorithms, threshold comparisons or other tech-
niques. Generally, remote computer 230 analyzes/compares
movements of the horse 212 against known developed move-
ment criteria. By monitoring the output from the hoof sensors
220a-d and the head sensor 222, the relative positions of these
sensors 220a-d and 222 may be determined. In this regard, the
general posture of the horse 212 and its movements may be
determined at any given time. Accordingly, repetitive move-
ments associated with the pain of colic may be identified by
comparing the monitored motions against known ‘colic
movements’. These movements/patterns may include colic
patterns where, for instance, the horse 212 is looking and/or
kicking at its belly region. In one arrangement, upon repeat-
ing a number of known colic movements a predetermined
number of times over a given time period, an alarm may be
generated. That is, the remote computer 230 may generate an
output that may be sent to the caregiver.

[0123] FIG. 3 illustrates a network in which multiple horses
may be monitored utilizing a single monitoring system hav-
ing a plurality of separate horse mounted sensor sets. In the
embodiment shown, three separate sensor sets 2, 4, 6 are
utilized to allow for monitoring three different horses. Each
sensor set 2, 4, 6, includes four hoof mounted sensors 220a-d
a head sensor 222 which in the embodiment shown is
included in a transceiver module 224 as discussed above in
relation to FIG. 2. Outputs from each of the sensor sets are
again received by a remote computer 230. Alternatively and/
oradditionally, a relay transceiver unit 234 may be utilized for
large acreage facilities. Likewise, two or more such relay
transceiver units 234 may be utilized if necessary. In the
present embodiment, the remote computer 230 is operative to
receive signals from the three sensor sets and continuously
monitor outputs from each sensor set against known patterns.
[0124] In order to separate signals from different sensor
sets, the remote computer 230 and sensor sets may incorpo-
rate any appropriate technology. For instance, each sensor set
may utilize a separate frequency or, the sensor set may be
assigned a predetermined code. In the latter regard, code
division multiplexing may be utilized to separate sensor data
from separate sensor sets ata common frequency. In any case,
the remote computer 230 is operative to receive and compare
movement data associated with the sensor sets against normal
patterns.

[0125] In one particular embodiment, the multiple horse
monitoring system 210 may be utilized in a barn facility to
allow for monitoring multiple horses maintained in the facil-
ity. In a further embodiment, the system may utilize one or
more remotely operated cameras to allow for remote viewing
of, for example, individual stalls within the facility. As will be
appreciated, the monitoring system may be of particular use
at night when nobody is located at the facility. Incorporation
of cameras to viewing each stall within the facility may allow
a caregiver to receive a critical event signal and remotely view
the animal associated with the critical event to make a deter-
mination whether or not that animal requires immediate assis-
tance. In one arrangement, such cameras are accessible over
an Internet connection. To facilitate use of such remote cam-
eras, automated lighting systems may be provided for each
stall and/or the entire facility. Alternatively, night vision cam-
eras may be utilized.

Individual Monitoring System Components

[0126] The transceiver module 224 is operative to send and
receive signals to and from each of the sensors 220-a-d and
222. In this regard, the transceiver module 224 includes an
antenna 242 interconnected to a transceiver 244 for transmit-
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ting and receiving signals; a microprocessor 246; a memory
248 for storing data and/or operating instructions; a power
source 250 (e.g., rechargeable battery); and optionally a user
display 252. In further embodiments, the transceiver module
224 may also include a user input such as, for example, a
keypad and/or an infrared reader. In any configuration, the
transceiver module 224 is able to receive wireless data out-
puts from the sensors 220a-d and 222 and relay (i.e., transmit)
this data to the remote computer 230 for analysis.

[0127] For purposes of discussion herein, the internal com-
ponents of the hoof sensors 220a-d are described in reference
to a general sensor 220. It will be appreciated that many or all
of the components may be equally applicable to the head
sensor 222 as well. As shown, the sensor 220 is an active
sensor having is own power source 260. Energy from the
power source 260 is provided to a measurement assembly 262
that may include one or more sub-sensors 264, 266 for sens-
ing one or more measurable parameters. The sensor further
includes a transmitter 268 and antenna 270 for transmitting
measured data to the transceiver module 224. In addition to
the components shown in the sensor 220, it will be appreci-
ated that the sensor 220 may further include a memory and/or
microprocessor 272. Such a memory/microprocessor be pre-
programmed firmware or a separate memory structure (e.g.
EPROM memory) and a separate microprocessor. In one
arrangement, the sensor 220 may be programmed by the end
users (e.g., prior to application). This may allow, for example,
the ability to provide identification information with mea-
sured data and/or upon receiving an identification interroga-
tion signal. In the latter regard, the sensor 220 requires a
receiver unit. Referring briefly to FIG. 4, it will be noted that
the sensor 220 may be formed as a small integrated circuit that
may be disposed in a casing 280. This casing 280 may be
filled with potting material. Preferably, the casing 280 is
small, about the size of a quarter or smaller such that it may be
non-intrusively attached to, for example, the hooves of the
horse.

[0128] As shown, the sensor 220 includes two sub-sensors,
a motion sub-sensor 264 and a temperature sub-sensor 266.
However, it will be appreciated that the sensor 220 may
include only a single sub-sensor or a larger number of sub-
sensors (i.e., more than two). Further, the sub sensors may
measure parameters other than temperature and motion, as
discussed herein. The temperature sub-sensor 266 is opera-
tive, in response to an applied voltage, to produce an output
indicative of a temperature of a portion of the sensor 220. In
one embodiment, a thermally sensitive element (e.g., a ther-
mistor or thermocouple) is utilized to provide a temperature
signal that varies in a known manner with temperature. The
temperature signal generated by the temperature sub-sensor
266 is then transmitted to the transceiver module 224.

[0129] Inone embodiment, the motion sub-sensor 264 is an
accelerometer. The accelerometer is operative to measure
acceleration and vibration. The accelerometer may be one of
a number of acceptable accelerometer types. Such types
include, without limitation, piezoelectric, capacitance, null-
balance, strain gage, resonance, piezoresistive and magnetic
induction. These types of accelerometer may have from one
axis to three axes of measurement, the multiple axes typically
being orthogonal to each other.

[0130] Three main features may be considered when select-
ing accelerometers: amplitude range, frequency range, and
ambient conditions. Acceleration amplitude range is mea-
sured in Gs, whereas frequency is measured in Hz. For use in
a given environment, ambient conditions such as temperature
may be considered as well as the maximum shock and vibra-
tion the accelerometers will be able to handle. The latter is the
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rating of how much abuse the accelerometer can withstand
prior to failure and is different from how much vibration
and/or acceleration an accelerometer can measure. Electrical
output options depend on the system being used with the
accelerometers. Common analog options are voltage, current
or frequency. Digital output choices are also available.
[0131] For application as hoof sensors 220a-d, it will be
appreciated that any component of the sensor 220 may be
subject to high dynamic shock loading (i.e., G forces). For
instance, when a steel shod horse trots on a solid surface (e.g.,
concrete) it has been determined that a mean hoof shock value
01’96 Gs may be present upon initial impact. It is believed that
hoof shock forces may, in extreme conditions, approach 300-
400 Gs. Accordingly, the sensor components must be adapted
to withstand a high shock environment. In the illustrated
embodiment, the accelerometer utilized may be, for example,
a MEMs based accelerometer such as available from a num-
ber of manufacturers. Such accelerometers are compact, have
low power requirements and have suitable robustness. One
current design uses two Analog Devices ADXL 321 chips
deployed to provide calibrated XYZ axis data.

[0132] Alternatively, the motion sub-sensor 264 may be an
inertial gyro sensor. Inertial gyros are sensors used to measure
angular rates and X, y & z linear acceleration. Up to three
angular or rotary axes, as well as three linear axes, can be
measured using inertial gyro sensors. The most critical rotary
performance specifications for inertial gyros are rotary rate,
measuring how fast a device turns, and rated acceleration for
linear axes. Both rotary and linear axes have specifications for
accuracy as a positive or negative percentage of the full scale
of measurement, the bandwidth, bias stability and transverse
sensitivity. Axis bandwidth is the frequency range over which
the device meets its accuracy specifications. Bias stability is
the accuracy over a given operating temperature range. Trans-
verse sensitivity is the inertial gyro’s sensitivity to a force that
is orthogonal to the desired direction of measurement.

[0133] A number of technology options for angular mea-
surement are available. Inertial gyros with a gyro reference
have an inertial mass used as a reference for rotational move-
ments. A vibrating tuning fork or plates measure Coriolis
force in inertial gyros made using MEMS technology. Grav-
ity reference sensors, another technology and also known as
inclinometers, cannot be used in gravity-free environments.
Fiber optics is a unique way to measure angular displacement
without moving parts. Linear acceleration technologies for
inertial gyros are also numerous. For piezoelectric devices, a
piezoelectric material is compressed by the proof mass and
generates a charge that is measured by a charge amplifier. For
strain gage devices, strain gages (strain-sensitive variable
resistors) are bonded to parts of the structure that support the
proof mass. These strain gages are typically used as elements
in a Wheatstone bridge circuit, which is used to make the
measurement. Capacitance-based accelerometers measure
the variable capacitance between the support structure and the
proof mass. The variable gap between the two is measured in
a capacitance measurement circuit.

[0134] Electrical output options depend on the system
being used with the inertial gyros. Common analog output
options are voltage, current or frequency. Digital output
choices are the standard parallel and serial signals. Of course
use of digital outputs will require incorporation of a D/A
converter in the sensor 220 prior to transmission. Another
option is to use inertial gyros with an output of a change in
state of switches or alarms. In addition, these sensors can have
a vertical or artificial horizon output.

[0135] In the present embodiment, the inertial gyro sensor
utilized may be a MEMs based gyroscope such as manufac-
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tured by Analog Devices (e.g., model ADIS 16100). Again,
such devices are compact and have suitable robustness and
other characteristics. It will be appreciated that both an accel-
erometer and an inertial gyro sensor may be incorporated into
a single sensor 220.

[0136] FIG. 5 illustrates the interconnection of the sensor
220 to thehoofofahorse. As shown, the sensor 220 is adapted
to be attached to the outside surface of the hoof. In one
embodiment, the sensor 220 has an engagement surface it
may be contoured to fit the curvature of the hoof. In such an
arrangement, the sensor 220 may be adhered directly to the
surface of the hoof. In another or complementary arrange-
ment, the sensor 220 may include a threaded engagement tap
221. See FIG. 6. This threaded engagement tap 221 may be a
simple screw that allows the sensor 220 to be threaded part
way into the outer hard surface of the hoof. In another
embodiment, the threaded engagement tap 221 includes a
hollow center that allows the sensor 220 to blood and/or tissue
beneath the hoof. In this latter embodiment, numerous addi-
tional sub-sensors may be included in the sensor to provide
additional information regarding the horse.

Power Supply

[0137] The power supply 260 may be any device that per-
mits the sensors 220, 222 to provide monitored data (e.g.,
motion data, temperature data, sound, etc.) at a predetermined
rate for a predetermined period of time. In one arrangement,
the power supply 260 may be a passive device such as a
battery. Such a battery may be fully disposed within the
casing 280 of the sensor 220, or, the battery may be external
to the casing 280. For instance, the battery may be formed as
thin, flat, flexible devices that allow for conformance and
adherence to the hoof of a horse or other animal. Use of such
an external battery may increase the life of the sensor 220. In
another arrangement, the power supply may be a recharge-
able power supply. In this regard, the power supply 260 may
include a battery and rectifying circuitry that allows the bat-
tery to be recharged when the batteries is disposed within
range of an appropriate radio frequency and/or magnetic
induction charger. Such a charger may be included in, for
example, a horse’s stall such that the sensors may be charged
overnight. In further arrangements of the power supply 260,
active power supplies may be utilized. Such active power
supplies may provide energy from thermoelectric conversion,
kinetic energy and/or solar energy. As will be appreciated,
different sensors may utilize different power sources. For
instance, head or body mounted sensors may be better posi-
tioned to utilize solar energy whereas hoot/leg mounted sen-
sors may more effectively utilize batteries, thermoelectric
sources and/or kinetic sources.

Remote Computer/Processing

[0138] The remote computer 230, may utilize any appro-
priate processing structure to analyze data received from the
transceiver module 224. For many monitoring situations such
as colic monitoring, identification of predetermined move-
ment patterns may be helpful in identifying an event of inter-
est. In such instances, the remote computer 230 may utilize
heuristic and/or artificial intelligence processing schemes to
identify patterns and/or compare received data with predeter-
mined data corresponding to a known condition. FIG. 7 is a
flow chart illustrating a process 700 that may be utilized in
accordance with the present invention. As shown, the remote
computer 230 may receive (710) sensor data from at least one
animal mounted sensor. The received data may then be com-
pared (720) with any of' a number of predetermined patterns to
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identify a condition of interest. For instance, when monitor-
ing colic, motion sensor data may be processed to determine
a posture/movement of a horse indicating colic. Secondary
data may be utilized as well. In this regard, additional data
from the sensor(s) such as temperature and or sound may be
utilized in conjunction with primary sensor data (e.g., motion
data) to identify a condition of interest. A determination (730)
is made regarding whether the received data correspond to a
condition of interest. If not, monitoring continues. If a con-
dition of interest is identified, a total number of conditions of
interest and multivariate parameters of each condition within
predetermined time periods is generated in (740). The total
number and multivariate parameters of each condition of
interest are compared (750) to threshold values. If the thresh-
old values are below predetermined values, monitoring con-
tinues. Ifthey are above such values, the remote computer 230
generates an output, for example, to a caregiver such that
human monitoring and/or intervention may occur. As will be
appreciated, multiple different conditions of interest may be
monitored.

[0139] FIG. 8 is schematic diagram illustrating an animal
monitoring system in accordance with the present invention.
Although the system 800 is illustrated as being implemented
on a single processing platform, it will be appreciated that the
associated functionality may be distributed over multiple
platforms that may be interconnected via a LAN ora WAN. In
the illustrated embodiment, the system 800 includes a pro-
cessor 802, a stored pattern database 806, threshold tables
808 and input/output structure 810 all interconnected via a
data bus. The processor 802 implements logic as discussed
above for analyzing sensor signals to identify conditions or
events of interest. In this regard, the processor 802 may access
pattern information stored in the database 806. Such pattern
information may identify baseline patterns (which may be
particular to an individual animal) and patterns correlated to
event indicators. For example, in the case of motion sensors
used to detect colic, the pattern information may define signal
characteristics correlated to characteristic colic motions.
[0140] The processor 802 further accesses threshold tables
808. The threshold tables may indicate amplitude, frequency,
or other signal parameters and time parameters that distin-
guish artifact and baseline events from events of interest. The
illustrated processor 802 further includes heuristic engines
812 used to identify events or conditions of interest. In this
regard, the heuristic engines 812 may be provided with cer-
tain training data and then may develop over time to recognize
baseline conditions and/or events of interest based on pattern
learning logic. The processor 802 is operative to communi-
cate with the sensor systems and with other platforms (for
example, associated with experts use for analysis and/or own-
ers or other caregivers) via the I/O structure 810.

[0141] The foregoing description of the present invention
has been presented for purposes of illustration and descrip-
tion. Furthermore, the description is not intended to limit the
invention to the form disclosed herein. Consequently, varia-
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tions and modifications commensurate with the above teach-
ings, and skill and knowledge of the relevant art, are within
the scope of the present invention. The embodiments
described hereinabove are further intended to explain best
modes known of practicing the invention and to enable others
skilled in the art to utilize the invention in such, or other
embodiments and with various modifications required by the
particular application(s) or use(s) of the present invention. It
is intended that the appended claims be construed to include
alternative embodiments to the extent permitted by the prior
art.
1. A method, comprising:
monitoring multiple Animals Of The Family Equidae Or
Bovidae in an animal husbandry setting to detect a Birth-
ing related event by processing and analyzing data rep-
resenting a plurality of postures and movements of each
of said multiple Animals, wherein said Birthing related
event is associated with symptoms of birthing repre-
sented by said plurality of postures and movements, said
monitoring comprising the steps of:
providing sensor sets that detect motion related informa-
tion to each of said multiple Animals, wherein said
motion related information comprises position, velocity,
and acceleration representing said plurality of postures
and movements, wherein said sensor set comprises a
first motion sensor set comprising four sensors adhe-
sively bonded to each hoof of each of said multiple
Animals and a second motion sensor removably dis-
posed on a head of each of said multiple Animals, and
wherein said first motion sensor set and said second
motion sensor comprise multi-axis accelerometers, iner-
tial gyroscopic sensors, or combinations thereof;,
operating said sensor sets to provide data indicative of said
motion related information;
outputting said data to a processor operably programmed
with software for identifying said Birthing related event
based on said data, wherein said outputting comprises
using a wireless connection to transmit said data
between said sensor sets and said processor;
receiving and processing said data in said software to cre-
ate processed data that distinguishes portions of said
data associated with different ones of said sensor sets
associated with different ones of said multiple Animals
and to create processed data; and
analyzing said processed data to identify said Birthing
related event by comparing said processed data to stored
pattern information comprising known baselines or
thresholds, correlating said processed data to previously
defined animal behaviors, utilizing pattern recognition
algorithms on said processed data, or implementing a
multi-variant analysis on the processed data.
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