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Description

Technical Field

[0001] The present disclosure is directed to systems
and methods for analyzing subjects in a work environ-
ment. Furthermore, the disclosure relates to systems and
methods for analyzing health and wellness of living be-
ings such as livestock without substantially impacting
workflow, movement patterns in the vicinity thereof, or
the like.

Background

[0002] In industrialized farming, the health and wellbe-
ing of livestock (e.g. cows, fish, poultry, swine, sheep,
etc.) is critical to maintaining the ongoing operation and
sustainability of an organization (such as a farm, a dis-
tribution chain, etc.). Of particular relevance, improved
management of cattle is of interest to industrial institu-
tions, food distribution networks, and farmers. Events
such as breakouts of disease (e.g. infection, mastitis, in-
fluenza, etc.) can wipe out entire herds and/or otherwise
adversely affect production of milk or produce. For ex-
ample, clinical and subclinical mastitis may have signif-
icant negative impact on milk productivity and quality with
diagnosis of clinical mastitis often prompting isolation of
animals from a herd and even emergency slaughter. Al-
though clinical mastitis is treated today with antibiotics,
subclinical mastitis is not treated at all.
[0003] In addition, the optimization of breeding pro-
grams and the like may have significant impacts on the
bottom line for such organizations.
[0004] In general, although monitoring of livestock may
be very useful for assisting with herd management, the
practicality of the monitoring process may be hampered
by the need for maintaining an un-obscured and/or un-
fouled view of the subjects over prolonged periods of
time, coupled to the need to work amid soiled and/or clut-
tered environments, and in an unobtrusive manner (i.e.
without substantially altering the environment, move-
ment paths, workflow, etc.). For example, WO
2010/127023 A1, US 2004/141635 A1, and WO
2012/080275 A1 provide systems and methods for gen-
erating images or a segmented identification of a target
animal and further comparing particular identified refer-
ences with referenced values.

SUMMARY

[0005] One objective of the present disclosure is to pro-
vide a system and a method for improving the health and
wellbeing of animals in an industrial setting.
[0006] Another objective is to provide a system and a
method for improving the management of operations
(e.g. milking, breeding, cleanliness, etc.) of livestock.
[0007] The invention provides a system according to
claim 1 and method according to claim 10 for predicting

the health outcome of a subject while moving through an
environment.
[0008] Yet another objective is to provide a system and
method for predicting the onset of sickness in a subject
or population of subjects.
[0009] The above objectives are wholly or partially met
by systems, and methods described herein. In particular,
features and aspects of the present disclosure are set
forth in the appended claims, following description, and
the annexed drawings.
[0010] According to a first aspect there is provided a
system for predicting the health outcome of a subject in
an environment including a camera situated within the
environment configured to generate one or more images
and/or a video sequence including at least a portion of a
feature of the subject; and a processor, configured to
identify and segment at least a portion of the feature from
one or more of the images and/or video sequence to form
one or more segmented features, to calculate one or
more metrics from the segmented features, and to predict
the health outcome of the subject based upon one or
more of the metrics.
[0011] In aspects, the system may include a database
configured in communication with the processor. The da-
tabase may be configured to store one or more of the
images and/or video sequences, one or more reference
features, one or more of the segmented features, and/or
one or more of the metrics. The processor may be ar-
ranged so as to communicate with the database.
[0012] In aspects, the processor may be configured to
compare one or more of the reference features with one
or more of the segmented features to predict the health
outcome of the subject, the processor may be arranged
to receive one or more environmental parameters to pre-
dict the health outcome of the subject, and/or the proc-
essor may be configured to calculate one or more envi-
ronmental parameters from one or more of the images
and/or video sequences to predict the health outcome of
the subject.
[0013] In aspects, the processor may be configured to
segment at least a portion of the feature from each of a
plurality of images and/or a video sequence to form a
collection of segmented feature portions, and to combine
the segmented feature portions to form a representative
segmented feature for use in predicting the health out-
come of the subject.
[0014] In aspects, the processor may be configured to
segment at least a portion of the feature in the presence
of an obstruction (e.g. a body part, a leg, a tail, a dirty
lens, an object, a milking machine component, a combi-
nation thereof, or the like).
[0015] In aspects, the camera (a digital camera, a vis-
ible light camera, a near-infrared reflectance imaging
camera, an infrared camera, a fluorescence imaging
camera, a UV imaging camera, a thermal imaging cam-
era, a 3D camera, a combination thereof, or the like) may
be configured to generate the images and/or video se-
quence while the subject is moving within the environ-
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ment. In aspects, the system may include a plurality of
cameras, each camera arranged so as to image a differ-
ent portion of the feature and/or an alternative feature on
the subject.
[0016] In aspects, the processor may be configured to
send out an alert based upon the health outcome predic-
tion.
[0017] According to another aspect there is provided
use of a system in accordance with the present disclosure
in a livestock management system.
[0018] According to yet another aspect there is provid-
ed, use of a system in accordance with the present dis-
closure to predict the onset of mastitis in a lactating an-
imal.
[0019] According to another aspect there is provided,
use of a system in accordance with the present disclosure
to predict the onset of rut in an animal.
[0020] According to yet another aspect there is provid-
ed, use of a system in accordance with the present dis-
closure to provide an input for an automated milking sys-
tem.
[0021] According to another aspect there is provided,
a method for predicting the health outcome of a subject
in an environment including, imaging the subject to pro-
duce one or more images thereof; identifying one or more
features in one or more of the images; segmenting out
at least a portion of the identified features from one or
more of the images to form one or more segmented fea-
tures; calculating one or more metrics from the segment-
ed features; and predicting the health outcome of the
subject based upon one or more of the metrics.
[0022] In aspects, the imaging may be performed over
a period of time while the subject is moving through the
environment.
[0023] In aspects, the method may include segmenting
out a plurality of segmented features from a plurality of
images and generating a representative segmented fea-
ture for use in the calculation of the metrics.
[0024] In aspects, the imaging may be performed be-
fore, during, and/or after a procedure (e.g. a milking pro-
cedure, administration of a medication, a mating process,
a sporting event, a training procedure, etc.).
[0025] In aspects, the method may include comparing
the segmented features to a reference feature from the
subject, to an environmental parameter, comparing the
segmented features and/or metrics to a previously ob-
tained segmented feature and/or metric, and/or compar-
ing the segmented features and/or metrics from the sub-
ject to those obtained from a family of related subjects
as part of the prediction.
[0026] In aspects, the method may include alerting a
user and/or a system (e.g. a monitoring system, a live-
stock management system, an automatic milking sys-
tem, an automated treatment system, etc.) to the predic-
tion.
[0027] In aspects, the health outcome may be an in-
fection, rut, a disease state, etc.
[0028] In aspects, the method may include identifying

on one or more of the images of the subject the location
of the potential infection.
[0029] In aspects, the imaging may be performed with
a system in accordance with the present disclosure, a
camera (e.g. a digital camera, a visible light camera, a
near-infrared reflectance imaging camera, an infrared
camera, a fluorescence imaging camera, a UV imaging
camera, a thermal imaging camera, a 3D camera, a com-
bination thereof, or the like), etc.
[0030] In aspects, the prediction may be at least par-
tially performed by a predictive model.
[0031] According to yet another aspect there is provid-
ed, a method for predicting the health outcome of a par-
tially obstructed subject moving through an environment
including: imaging the subject to produce a plurality of
partially obstructed images thereof; identifying one or
more features in one or more of the partially obstructed
images; segmenting out at least a portion of the identified
features from a plurality of the images to form a group of
partially segmented features; merging the partially seg-
mented features to form a representative segmented fea-
ture; calculating one or more metrics from the represent-
ative segmented feature; and predicting the health out-
come of the subject based upon one or more of the met-
rics.
[0032] In aspects, the method may include storing the
metrics and/or representative segmented features for fu-
ture recall, and/or comparing one or more stored metrics
and/or representative segmented features to one or more
of the representative segmented features and/or metrics
as part of the prediction.
[0033] According to yet another aspect there is provid-
ed, a system for monitoring a subject in an environment
including a camera arranged so as to observe one or
more features of the subject, and a processor, coupled
to the camera, the processor configured to analyze one
or more images obtained therefrom, to extract one or
more features from the image(s) of the subject, and to
analyze one or more of the features, or sub features nest-
ed within a feature to predict an outcome of a state of the
subject.
[0034] In aspects, the subject may be a living being
(e.g. a human, an animal, a fish, a plant, etc.), an animal
(e.g. livestock, a cow, a sheep, a pig, a horse, a deer,
etc.), a plant, a manufacturing process, a wilderness en-
vironment, a gas, a combination thereof, or the like.
[0035] In aspects, the feature may be an udder, a part
of an udder, a teat, a muzzle, a nostril, a hair pattern, a
patch of skin, a hoof, a mouth, an eye, genitalia, a com-
bination thereof, or the like.
[0036] In aspects, one or more of the metrics may in-
clude thermographic data, color, shape, size data, a ther-
mal metric, an average temperature, a thermal gradient,
a temperature difference, a temperature range, a thermal
map, a physiological parameter, changes therein, or
combination thereof relating to one or more of the seg-
mented features.
[0037] In aspects, a monitoring system and/or a meth-
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od in accordance with the present disclosure may be con-
figured to generate a diagnostic signal (e.g. an outcome,
fever, mastitis, virus, bacterial infection, rut, etc.) based
upon the analysis of one or more of the images.
[0038] According to yet another aspect there is provid-
ed, a method for imaging a subject, including obtaining
one or more images of the subject with a camera through
a window pane, assessing the cleanliness of the window
pane from one or more of the images to create a clean-
liness factor; and cleaning the window pane based on
the cleanliness factor. In aspects, the method may in-
clude releasing one or more of the images for analysis
based upon the cleanliness factor; exposing the window
pane to the subject; and/or locating the subject.
[0039] According to yet another aspect there is
provided , a monitoring system for assessing a subject
including a controller configured to generate one or more
control signals; a camera module in accordance with the
present disclosure configured to obtain images from at
least an aspect of the subject and to convey the images
to the controller, the camera module configured to re-
spond to one or more of the control signals; and a sensing
subsystem and/or a surveillance camera configured to
convey the location, orientation, and/or identification of
the subject to the controller, the controller configured to
analyze the location, orientation, and/or identification of
the subject to produce one or more of the control signals.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040]

Fig. 1 shows aspects of a system for monitoring a
subject in accordance with the present disclosure.

Fig. 2 shows aspects of a system in accordance with
the present disclosure.

Fig. 3 shows a method for predicting the outcome of
a subject in accordance with the present disclosure.

Fig. 4 shows aspects of a model for predicting the
outcome of a subject in accordance with the present
disclosure.

Fig. 5 shows aspects of a method for analyzing a
feature in accordance with the present disclosure.

Fig. 6 shows aspects of a method for calibrating a
system in accordance with the present disclosure.

Fig. 7 shows a method for generating training data
in accordance with the present disclosure.

Figs. 8a-b show a time history graph of metrics for
evaluating the outcome of a subject in accordance
with the present disclosure.

Fig. 9 shows a user interface for displaying data
about a group of subjects in accordance with the
present disclosure.

DETAILED DESCRIPTION

[0041] Particular embodiments of the present disclo-
sure are described hereinbelow with reference to the ac-
companying drawings; however, the disclosed embodi-
ments are merely examples of the disclosure and may
be embodied in various forms. Well-known functions or
constructions are not described in detail to avoid obscur-
ing the present disclosure in unnecessary detail. There-
fore, specific structural and functional details disclosed
herein are not to be interpreted as limiting, but merely as
a basis for the claims and as a representative basis for
teaching one skilled in the art to variously employ the
present disclosure in virtually any appropriately detailed
structure. Like reference numerals may refer to similar
or identical elements throughout the description of the
figures.
[0042] By camera is meant, without limitation, a digital
camera, a visible light camera, a near-infrared reflect-
ance imaging camera, an infrared camera, a fluores-
cence imaging camera, a UV imaging camera, a thermal
imaging camera, a 3D camera, combinations thereof,
and the like.
[0043] In aspects, a system in accordance with the
present disclosure including a camera may be configured
to monitor one or more subjects in an environment into
which it is placed (i.e. as part of a surveillance system,
an analysis system, an industrial control process, a live-
stock management system, etc.). A subject may include
a machine, a vehicle, a living organism, a human, an
animal, livestock, a cow, a plant, combinations thereof
or the like. In aspects, the system may be configured to
monitor an aspect of the environment (e.g. a gas, chem-
ical specie, an exhaust leak, an ambient temperature, a
processing line, feeding equipment, etc.). In aspects, the
environment may include a manufacturing plant, a green
house, a concert hall, a theatre, a crowded landscape, a
shopping center, forest trail, a barn, a field, a crop, a ski
resort, or the like. In aspects, the system may be coupled
to a process (e.g. a milking process, a fabrication proce-
dure, a breeding process, a feeding process, etc.).
[0044] In aspects, a system in accordance with the
present disclosure may be configured to analyze one or
more aspects of plant-life, a plant, a crop, etc. Such a
system may be configured to perform thermography (e.g.
passive thermography, active thermography, etc.), near-
infrared reflectance imaging, reflectance imaging, fluo-
rescence imaging, combinations thereof, or the like on
the plant-life. Such imaging processes may be used to
diagnose disease, determine growth efficiency, monitor
farming processes, investigate infestations, viral infec-
tions, fungal infestations, etc. Such imaging may be per-
formed in generally uncontrolled and/or dirty environ-
ments.
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[0045] In aspects, a system and/or associated camera
in accordance with the present disclosure may be con-
figured to monitor one or more subjects within a livestock
management environment/process (e.g for management
of milking operations, reproductive monitoring, biogas
production, grazing, cleaning, biogas containment, etc.).
In aspects, the system may be configured to monitor
methane gas levels within a barn, monitor methane cloud
migration within a barn, detect leakage of methane gas
from a barn into a surrounding environment, and the like.
[0046] In aspects, a system in accordance with the
present disclosure may be used to monitor distribution,
leakage, and or properties of a biogas distribution sys-
tem, a gas management system, gas containment proc-
ess, and/or biogas harvesting system.
[0047] In aspects, a system in accordance with the
present disclosure may include a camera and one or
more electrical circuits configured to control one or more
aspects of the camera (sensors, alignment lighting, ref-
erence lights, cooling system, ambient lighting sensors,
ambient condition sensors, etc.), image processing cir-
cuitry, a cleaning system (e.g. fluid delivery valves, fluid
uptake valves, fluid filtering processes, etc.), and/or one
or more aspects of a servo-actuation system (e.g. for use
in an articulated configuration).
[0048] Fig. 1 shows aspects of a system for monitoring
a subject in accordance with the present disclosure ap-
plied to a livestock monitoring application. A camera
module 10 (i.e. a camera optionally including a house,
electronics, cleaning aspects, etc. in accordance with the
present disclosure) may be included in part of the system
in accordance with the present disclosure. The camera
module 10 may be positioned near to the flow of traffic
of subjects 1, which may be used to register a spatially
precise image from a subject 1 (e.g. an animal, a cow,
etc.), or a feature (e.g. an udder 2a, part of an udder 3,
a teat 4, a pattern 2b, a hoof 2c, a mouth 2d, an eye 2e,
genitalia, etc.). The camera module 10 may be coupled
to one or more processors 12, at least one processor
configured to analyze one or more images captured by
the camera module 10. The processor 12 may be coupled
to a management system 16 (e.g. a livestock manage-
ment system, a scheduling system, a veterinarian alert
system, an electronic health record system, a network,
a cloud data system, etc.) and/or a user device 14 (e.g.
a console, a terminal, a software interface, a cell phone,
a smartphone, a tablet computer, etc.). The processor
may be configured to relay status information, health in-
formation, a metric, etc. to the management system 16
and/or the user device 14 in order to provide decision
able data relating to the management of the subject 1.
[0049] The subject 1 may include one or more obstruc-
tions 5 (e.g. a leg, a tail, an arm, clothing, a hat, glasses,
a mask, etc.) which may at least partially obstruct one or
more of the features 2a-e, 3, 4 from the view of the camera
module 10. At times, during a process of monitoring the
subject 1, one or more of the obstructions 5 may interfere
with a clear view of the desired feature 2a-e, 3, 4. In such

situations, an associated image analysis process may
be configured to extract at least a portion of the feature
2a-e, 3, 4 in the presence of the obstruction 5 so as to
continue with the extraction of one or more health metrics
from the subject 1.
[0050] In aspects, the camera module 10 may include
a protective housing (not explicitly shown), and a surface
(not explicitly shown) within the field of view of the camera
module 10. The camera module 10 may include a self-
cleaning system and/or functionality in order to routinely
clean the surface thereof, during use.
[0051] In aspects, a monitoring system including a
camera module 10 (or equivalently a camera) in accord-
ance with the present disclosure may include one or more
systems for detecting the presence and/or identity of the
subject 1. Thus the system may include one or more
sensing subsystems (e.g. an RFID locating system, a
pyrometer, an ultrasonic sensor, a light curtain, etc.) con-
figured to locate and/or identify the subject 1 within range
of the camera module 10.
[0052] In aspects, the subject 1 may be an animal (e.g.
a cow, a sheep, a lamb, a pig, etc.) equipped with an
RFID tag (not explicitly shown). A RFID tag reader may
be positioned near to one or more camera modules 10
such that as a subject 1 moves within range of the reader
(determined via broadcast and receipt of an RF signal
between the reader and the RFID tag), the reader may
be configured to communicate the control signal to one
or more entities in the monitoring system (e.g. the camera
module 10, the management system 16, etc.). Upon re-
ceipt of the control signal, the camera module 10 may be
configured to awaken and continue with operations (e.g.
assessing cleanliness, obtaining one or more reading,
capture a video, etc.).
[0053] In aspects, the camera module 10 may be con-
figured to receive one or more control signals from the
processor 12. In aspects, the processor may be config-
ured to receive one or more control signals from the man-
agement system 16, the user device 14, etc. Some non-
limiting examples of such control signals include power-
ing up the camera module 10, placing it into standby,
requesting data capture from a subject 1, requesting de-
livery of data from the camera module, and the like.
[0054] Fig. 2 shows aspects of a monitoring system in
accordance with the present disclosure applied to a live-
stock management application. The monitoring system
may include one or more camera modules 110a-b, each
in accordance with the present disclosure. One or more
of the camera modules 110a-b may include a camera
with a field of view 114a-b, oriented so as to face a subject
101 (e.g. a scene, a work station, a living target, an an-
imal, a cow, etc.) or a region of high traffic for subjects.
In aspects, the camera modules 110a-b may be arranged
in a monitoring environment, such that during a routine
(e.g. milking, feeding, etc.) the subject 101 may pass into
the field of view 114a-b thereof. The camera modules
110a-b may be coupled to a processor, a management
system, a controller, a power source, etc. via one or more
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signal transfer lines 112a-b.
[0055] In aspects, one or more of the camera modules
110a-b may include a protective cover (not explicitly
shown), each protective cover configured so as to be
actuate able during use (i.e. so as to provide intermittent
cover for one or more windows/lenses on the camera
modules 1 10a-b during use).
[0056] In aspects, the monitoring system may include
one or more sensing subsystems 115 (e.g. an RFID lo-
cating system, a pyrometer, an ultrasonic sensor, a light
curtain, etc.) and/or surveillance cameras 120 configured
so as to assess the subject 101 and/or an environment
in the vicinity of the camera modules 110a-b (i.e. a space
encompassing at least a portion of the field of view 114a-
b of one or more of the camera modules 110a-b) during
use. The surveillance camera 120 may include a field of
view 124 and a communication line 122 to communicate
an image and/or video feed of the subject 101 and/or an
associated environment (i.e. for detecting ambient con-
ditions, assessing cleanliness, collecting reference data,
etc.), in which the subject 101 resides, to one or more
aspects of the monitoring system. In aspects, the subject
101 may wear or be coupled to an identification tag 118,
the tag 118 may be configured to store and/or collect
identification information, physiological data, environ-
mental data, kinematic data (e.g. movement, location
tracking information, etc.) related to and/or from the tar-
get 101. In aspects, one or more of the sensing subsys-
tems 115 may include a communication line 116 to com-
municate one or more obtained signals to one or more
aspects of the monitoring system.
[0057] One or more of the camera modules 110a-b
may include a communication line 112a-b to communi-
cation an image and/or video feed, a status update, re-
ceive commands, power, status update requests, etc. to
one or more aspects of the monitoring system.
[0058] In aspects, one or more of the sensing subsys-
tems 115 may include an RFID reader. The RFID reader
may be configured to locate and/or identify one or more
tags 115 placed on the subject 101 or in the vicinity there-
of. The RFID reader may be configured to periodically
broadcast an RF signal 117 to communicate with a local
ID tag 118 which may be placed onto the subject 101.
The sensing subsystem 115 may be configured to com-
municate a target acquired signal 116, to one or more
aspects of the monitoring system (e.g. may be to one or
more of the camera modules 110a-b). In one non-limiting
example, the subject 101 may be an animal (e.g. a cow,
a sheep, a lamb, a pig, etc.) equipped with an RFID tag
118. A RFID tag reader 115 may be positioned near to
one or more camera modules 110a-b such that as the
subject 101 moves within range of the reader 115 (de-
termined via broadcast and receipt of an RF signal 118
between the reader 115 and the tag 118), the reader may
be configured to communicate a control signal 116 to one
or more entities in the monitoring system. Upon receipt
of the control signal 116 or a signal derived therefrom,
one or more of the camera modules 110a-b may be con-

figured to awaken and continue with operations (e.g.
opening a protective cover, assessing cleanliness, ob-
taining one or more reading of the subject 101, capture
a video from the subject 101, etc.).
[0059] In aspects, a sensing subsystem 115 and/or tag
118 may be configured to communicate one or more of
identification data, physiological data, environmental da-
ta (e.g. temperature, humidity, light level, etc.) to one or
more aspects of the monitoring system.
[0060] The monitoring system may include an array of
camera modules each in accordance with the present
disclosure. One or more camera modules may be oper-
ated synchronously with one or more of the other mod-
ules, surveillance cameras, etc. via coordination by the
monitoring system, or the like.
[0061] In an application relating to industrial monitor-
ing, one or more camera modules may be positioned high
above the assembly line, conveyor systems, etc. Such a
camera module may be configured so as to observe one
or more macro sized regions of the manufacturing space,
monitor movement of subjects throughout the environ-
ment, collect data from one or more features simultane-
ously from a plurality of subjects, capture lighting aspects
within the environment, capture heat signatures from the
environment, combinations thereof, or the like.
[0062] Fig. 3 shows a method for predicting the out-
come of a subject in accordance with the present disclo-
sure. By outcome is meant, without limitation, predicting
a health outcome (e.g. a fever, an infection, mastitis, a
healing event, a growth event, etc.), a fertility cycle (i.e.
determining when a subject is ovulating, etc.), combina-
tions thereof, or the like. The method may include cap-
turing image(s) and/or video 201 of the subject in an en-
vironment each in accordance with the present disclo-
sure. Capturing images(s) and/or video 201 may be com-
pleted by one or more cameras and/or camera modules
each in accordance with the present disclosure.
[0063] The method may include storing the image(s)
and/or video 202 in memory, a local storage medium, on
a network storage system, a cloud system, etc. The meth-
od may include analyzing a feature 203 from the subject
in order to extract one or more metrics (e.g. a thermal
metric, an average temperature, a temperature gradient,
a temperature difference, a temperature range, a phys-
iological parameter, combinations thereof, or the like)
from the image(s) and/or video. In aspects, the step of
analyzing a feature may include identifying the subject,
identifying the feature(s) of interest on the subject, seg-
menting the feature, extracting one or more metrics from
the segmented feature, combinations thereof, or the like.
[0064] In aspects, the step of analyzing a feature may
include determining if a feature is at least partially ob-
structed, and, if so, segmenting at least part of the feature
that is unobstructed, from which metrics may be extract-
ed. In aspects, a partially obstructed feature may be seg-
mented across a number of images (i.e. across several
frames of a video). In such aspects, at least a portion of
the feature may be segmented in each image (such as
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picture, a frame of a video sequence, etc.). The collection
of segmented feature portions may be analyzed sepa-
rately to extract a collection of associated metrics. The
collection of metrics may then be merged into a repre-
sentative metric, for use in other steps of the method. In
aspects, the collection of segmented feature portions
may be grouped together with a merging algorithm so as
to generate a more complete segmented feature portion,
and associated metric(s) may be extracted therefrom for
use in other steps in the method.
[0065] The method may include storing the metrics 204
in memory, a local storage medium, on a network, in a
database, etc. for use in other steps of the method.
[0066] The method may include predicting an outcome
205 of the subject. The step of predicting an outcome
205 may include comparing the metric(s) 204 with one
or more of external inputs 207, ambient data 208, activity
data 209, historical data 210 (i.e. from a database of met-
rics), stored history of outcomes (e.g. for the subject, a
family, a herd, a group of subjects, etc.), metric history
of the subject, metric history of a collection of subjects
(e.g. a family, a herd, etc.), or the like. And, based upon
the comparison, predicting the state and/or future state
of the subject (e.g. fever, mastitis, onset of mastitis, ovu-
lation, time until the onset of ovulation, etc.).
[0067] In aspects, the step of prediction 205 may in-
clude providing one or more metrics 204, external inputs
207, ambient data 208, activity data 209, historical data
210 (i.e. from a database of metrics, etc.) to a predictive
model in accordance with the present disclosure, and
assessing the prediction provided from the predictive
model.
[0068] A prediction may be provided in the form of a
risk value, an accumulating risk value (i.e. whereby the
risk of a negative outcome increases with periods of sus-
tained, yet low to moderate risk), or the like. Such pre-
dictions may be compared with a predetermined diag-
nostic value, or the like to render a decision about the
subject.
[0069] The method may include assessing a risk value
206 to determine if action should be taken with regard to
the state of health, fertility, etc. of the subject. In the case
that action should be taken, the method may include gen-
erating an alert 211, such an alert may be conveyed to
one or more aspects of the monitoring system, to a vet-
erinarian, to a scheduling system, to a user device, to a
livestock management system, to a hospital, etc.
[0070] In the case that the subject is considered
healthy (i.e. no action necessary at this time), the method
may include a step of updating 212 the historical data,
updating the predictive model, scheduling software, etc.
and then completing 214 the outcome prediction process
for the associated subject.
[0071] One or more aspects of the method may be per-
formed on a processor in accordance with the present
disclosure, in a management system in accordance with
the present disclosure, in a connected cloud computing
center, with combinations thereof, or the like.

[0072] In aspects, some non-limiting examples of ex-
ternal inputs 207 which may be used during prediction
205 include a user defined alert level (i.e. a user defined
statement of risk), a local weather report, a risk level for
a related population (i.e. a risk level from a nearby center,
farm, city, etc.), a control signal (i.e. associated with ven-
tilation of a facility, an infrared heating source, etc.), ex-
ternally applied sensory data (e.g. milk conductivity data,
a lab result, a milk yield, etc.).
[0073] In aspects, some non-limiting examples of am-
bient data 208 which may be used during prediction 205
include a local temperature level, a local HVAC control
signal, local cloud conditions, a local humidity, an ambi-
ent light level, an ambient infrared light level, combina-
tions thereof, or the like.
[0074] In aspects, some non-limiting examples of ac-
tivity data 209 may include a path history for the subject
(e.g. to assess the distance walked by the subject over
a recent history, to assess the locations visited by the
subject over a recent history, etc.), a recent movement
rate of the subject (i.e. so as to correlate with an associ-
ated increase in metabolism and skin temperature rise),
a heart-rate signal, a breathing rate signal, a breath gas
analysis, or the like. Such values maybe provided for an
individual subject, a family, a family member, a herd, a
class, etc. for use in the prediction.
[0075] In aspects, some non-limiting examples of his-
torical data 210 may include a history of metrics, out-
comes, recent events (e.g. surgeries, milking events,
feeding events, milk yield, food consumption amounts,
duration of feeding, medication administration, check-
ups, etc.) for an individual subject, for the subject, for a
family of subjects, for a herd, for a class, or the like.
[0076] Such information may be used in conjunction
with metric(s) in order to improve the robustness of the
predictive outcome of the prediction 205.
[0077] Fig. 4 shows aspects of a model 301 for pre-
dicting the outcome of a subject in accordance with the
present disclosure (e.g. as part of a prediction step 205,
as part of training process, etc.). The predictive model
301 may include a mathematical model (e.g. a transfer
function, a nonlinear system, a neural network, a fuzzy
logic network, a Bayesian network, etc.) for generating
a potential outcome or risk level for a subject, given inputs
in the form of one or more measurements/outcomes 304,
one or more external inputs 207 or history of external
inputs 307, one or more ambient data points 208 or a
history of ambient data points 308, one or more activity
data points 209 and/or a history of activity data points
309, one or more historical metric(s) 210, 310, one or
more training datasets 312, each in accordance with the
present disclosure. In aspects, each such input may be
related to the subject, a group of subjects, a family of
subjects, a family member, a herd, a population, combi-
nations thereof or the like.
[0078] The predictive model 301 may be configured to
generate a prediction 303 (e.g. a risk state for a subject,
a diagnosis, a relative risk for a group, a future prediction
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of a metric, etc.) from the collection of inputs. In aspects,
the predictive model 301 may include a transfer function,
a nonlinear relationship, a statistical model, a feed for-
ward predictive model, a parametric model, combina-
tions thereof, and the like.
[0079] In aspects, a learning algorithm 305 may be
coupled to the model to compare a prediction 303 with a
measured outcome 304, and so influence and/or adapt
the model 301 so as to improve the predictive value there-
of. Some non-limiting examples of such learning algo-
rithms 305 include Kalman filters, least squares filters,
extended Kalman filters, fast Kalman filters, node decou-
pled Kalman filters, temporal difference learning algo-
rithms, Markov models, lazy learning algorithms, Baye-
sian statistics, a nonlinear observer, a sliding mode ob-
server, an adaptive filter, a least means square adaptive
filter, an augmented recursive least square filter, a dy-
namic Bayesian networks, combinations thereof, and the
like. Other, non-limiting examples of optimization tech-
niques include non-linear least squares, L2 norm, aver-
aged one-dependence estimators (AODE), back propa-
gation artificial neural networks, basis functions, support
vector machines, k-nearest neighbors algorithms, case-
based reasoning, decision trees, Gaussian process re-
gression, information fuzzy networks, regression analy-
sis, logistic regression, time series models such as au-
toregression models, moving average models, autore-
gressive integrated moving average models, classifica-
tion and regression trees, multivariate adaptive regres-
sion splines, and the like.
[0080] Such a learning algorithm 305 may be used in
real-time to improve the predictive power of the model
301 in conjunction with outcome feedback 304. In as-
pects, such a learning algorithm 305 may also be used
to update the model 301 in conjunction with a training
dataset 312. In aspects, the training dataset 312 may be
provided as part of an updating algorithm (i.e. retraining
of a local model 301 based on newly received population
data, optionally combined with local herd historical data),
as an initial training program, to refresh a corrupted da-
taset, etc.
[0081] Fig. 5 shows aspects of a method for analyzing
203 a feature in accordance with the present disclosure.
The method may include identifying a subject 401 (e.g.
either by visual confirmation, RFID tag identification, a
feature recognition algorithm, etc.). Such identification
may be advantageous to ensure reliable recall of histor-
ical data for later steps in a process, for correlating chang-
es in the subject with previous values, for recalling pre-
vious feature segmentations, previously confirmed fea-
ture shapes, previously confirmed feature location vec-
tors, and the like.
[0082] The method may include locating a feature 402.
A feature may be located by use of an expected-shape
dataset (e.g. from previous measurements, a default da-
tabase of shapes, etc.), from a previously determined
location vector (from a vector relating one or more feature
locations on a subject to one or more related features),

though a preliminary thermal assessment (i.e. a whole
body assessment to locate warm and cool regions of in-
terest), combinations thereof, or the like. One or more
images in a dataset may be scanned for the desired fea-
ture based upon such conditions, and the feature may
be located and/or marked for further analysis.
[0083] The method may include segmenting a feature
403. The feature may be segmented so as to isolate an
accurate region for further analysis. In aspects, the meth-
od may include a step of segmenting an udder, or portion
thereof (e.g. a quarter udder, a teat, etc.) from one or
more images of a cow (i.e. a subject in accordance with
the present disclosure). Segmenting may be completed
via a perimeter mapping algorithm, a shape matching
algorithm, a color matching algorithm, a thermographic
method, combinations thereof, or the like.
[0084] Steps of identifying a subject, locating a feature,
segmenting a feature, and generating metric(s) from a
feature maybe completed within a single image, or over
a series of images captured during an analysis process.
[0085] In aspects, the steps of feature location and
segmentation may be performed in the presence of an
obstruction (i.e. an aspect of the subject or environment
that blocks direct access to the entire feature of interest
for the analysis). In such situations, an additional algo-
rithm may be used to overlay the obstruction in combi-
nation with historical segmentation data, expected fea-
ture shapes, etc. in order to extract the desired features
from images with only partial views thereof. In aspects,
limited amounts of a feature may be segmented for anal-
ysis (e.g. a front portion of an udder, a portion of a face,
etc.). Such algorithms may be employed to combine seg-
mented portions of the feature of interest over a plurality
of images, to generate a plurality of metrics based upon
partial analyses, to generate a representative metric from
collocated data across the plurality of images, etc. Such
a configuration may be advantageous for improving a
metric extraction process from a feature that moves, or
may be at least partially obstructed across a plurality of
pictures thereof.
[0086] The method may include generating one or
more metrics from the segmented feature(s). Generation
of metrics may include calculating an average parameter
(e.g. color, temperature, volume, etc.), a gradient (e.g. a
thermal gradient, a colorimetric gradient, etc.), a variance
of a parameter (e.g. a color variance, a temperature var-
iation, a maximum and minimum temperature, a standard
deviation for a parameter, etc.), a thermal map (e.g. a
topological map, a feature correlated map, etc.), from the
feature for use in one or more analysis, predictions, etc.
[0087] The method may include steps of de-noising
data, calibrating data against a reference, etc. before,
during, and/or after a metric extraction process.
[0088] Fig. 6 shows aspects of a method for calibrating
a system in accordance with the present disclosure. The
method may include identifying a reference 502 in one
or more images captured by a camera in accordance with
the present disclosure. Some non-limiting examples of
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references include a machine head, a fence post, a ven-
tilation port, a wall, a reference pad (i.e. a pad with known
colorimetric and/or infrared reflectance properties), or the
like. The method may include analyzing the image(s) 503
to extract the reference from the image(s). Analyzing the
image(s) 503 may be performed with methods similar to
locating and/or segmenting a feature 401, 402 in accord-
ance with the present disclosure. One or more metrics,
such as average temperature, temperature gradient, or
the like may be extracted from the reference and stored
as a reference metric 504.
[0089] The method may include comparing 505 the ref-
erence metric 504 with one or more ambient data points
506 (e.g. a thermistor measurement, a weather report,
an ambient temperature reading, etc.). The comparison
505 may be used to update calibration parameters 507
for the system. In aspects, the calibration procedure may
be performed before and/or after a cleaning procedure,
between cleaning of an associated environment (e.g. a
facility, a pen, a milking station, before and after engage-
ment of an infrared heating system, etc.), so as to ensure
reliable operation of the system between changes in the
local environment, over time, with the introduction of al-
ternative lighting, heating sources, etc. In aspects, the
calibration procedure may be used to generate a reliable
operating configuration in one or more environmental
configurations (e.g. summer, winter, hot, cold, dark, light,
etc.). Such a configuration may be advantageous for min-
imizing false alarms associated with environmental
changes that can occur during a monitoring process.
[0090] Fig. 7 shows a system for generating training
data 609 in accordance with the present disclosure. The
system may include a historical database 601, including
such information as histories 606 relating to metrics, out-
comes, external data, and the like relating to individual
subjects 602, groups of subjects 603 (e.g. herds, crowds,
families), similar breeds 604 (e.g. animals, and popula-
tion subsets with similar physiological attributes, weights,
lifespans, breeding characteristics, etc.), and entire sub-
ject populations (e.g. all the animals in a monitored pop-
ulation, within a geometric location, etc.), as well as ex-
ternal signals, ambient conditions 605, combinations
thereof, and the like. The historical database 601 may
be tapped to generate datasets of confirmed outcomes
608 for use in the generation of training dataset(s) 609.
In aspects, the training data set 609 may be generated
specific to a known subject (i.e. relying heavily on the
extraction of historical data relating to the history 607 of
an individual 602 subject), but training datasets may be
generated from predominantly herd data 603, as well as
other forms of data to suit the training process at hand.
[0091] Such training data 609 may be used to train
and/or update a predictive model in accordance with the
present disclosure directed at individual subjects, at
herds, at families, at groups, or the like, so as to generate
a more reliable predictive capability, to update models,
etc.
[0092] In aspects, a system in accordance with the

present disclosure may be configured to employ a plu-
rality of predictive models (e.g. models directed at indi-
viduals, groups, herds, breeds, etc.) in order to improve
the predictive capability thereof.
[0093] Figs. 8a-b show a time history graph of metrics
for evaluating the outcome of a subject in accordance
with the present disclosure. Fig. 8a shows a graph of
metric data (i.e. in this case, temperature data, and ac-
tivity data) for purposes of illustration. The graph illus-
trates trends that may be extracted from a point history
of measurements (e.g. daily, N times per day, measure-
ment of metrics, etc.). In aspects, the moving average of
a group of subjects 701 (e.g. a herd, a crowd, etc.) is
shown with statistical variances 703a,b (i.e. plus or minus
one standard deviation). The statistical variances of the
herd may be generated from a statistical model, or as
part of a predictive model each in accordance with the
present disclosure.
[0094] A temporal trend of a metric (e.g. an average
temperature of a feature, shape changes of a feature,
mucus build-up, etc.) is shown for an individual subject
702, a member of the group of subjects. A can be seen
in Fig. 8a, the metric for the individual subject 702 gen-
erally varies with the progression of time, more so than
that of the group. Included in the graph are influencing
parameters (i.e. parameters that have influence on the
individual or group metrics, the modeling thereof, etc.).
In aspects, the graph may include a trend for the ambient
temperature 708 as well as for the average activity level
of the herd 709.
[0095] At a present point in time 705, the individual
subject is expressing a metric that is significantly higher
than that of the group. A predictive model in accordance
with the present disclosure may accept historical data
trends from the individual 702, the herd 701, the ambient
temperature 708, the average activity levels 709, among
other inputs and generate one or more predictions as to
the state of risk of the individual 702. As can be seen, a
confidence interval 706a,b for future metrics for the indi-
vidual subject 702 are shown in the figure. A range of
criteria may be used to determine when a subject is con-
sidered at risk of a significant reduction in health.
[0096] Fig. 8b shows a risk metric trend 715 for the
individual subject data of Fig. 8a. The risk metric trend
715 may be a deviation from a herd population norm (i.e.
deviation from the herd mean temperature), an accumu-
lating deviation therefrom, or the like. Such a risk metric
may be advantageous for more easily making decisions
based on obtained data, amid considerable herd and/or
individual fluctuations.
[0097] The risk metric may include one or more criteria
for assessing the severity of the risk level of an individual.
Herein are shown a moderate risk level 711 and a severe
risk level 712. As can be seen, at the time marker 705,
the individual subject has entered into a state of moderate
risk for the monitored outcome (i.e. in this case an out-
come of mastitis). The individual passes from moderate
risk to severe risk at the second time marker 725. In as-
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pects, the predictive model may be used to generate an
estimate of future risk from the present readings and his-
torical trends, thus potentially indicating a severe risk lev-
el before it has actually occurred.
[0098] Fig. 9 shows a user interface for displaying data
about a group of subjects in accordance with the present
disclosure. Each individual in a group is labeled along a
row (e.g. subject 1, subject 2, subject i, etc.) and a present
and/or predicted/accumulated risk value for that individ-
ual is shown in adjacent columns. As can be seen, in this
non-limiting example, the subject i 810 may be at high
risk of having mastitis, with an even higher risk being
apparent when considering the accumulated risk values
and/or predictive outcome for the individual. In this case,
subject i 810 is highlighted as part of an alert, which may
be associated with a predictive method in accordance
with the present disclosure.
[0099] In aspects, the system may be configured to
employ methods for managing a self-cleaning camera
module in accordance with the present disclosure. A self-
cleaning method may include steps of evaluating the
cleanliness of the window, determining if cleaning is nec-
essary, if so cleaning the window in accordance with the
present disclosure, if not continuing with operations (e.g.
observing a target, operating the camera, collecting one
or more image and/or video, etc.). The method may in-
clude continuing with operations for a predetermined
length of time before re-evaluating the cleanliness of the
window/lens, monitoring for an event that may preclude
the cleaning process, etc. The step of evaluating may
include analyzing an image taken by a camera in accord-
ance with the present disclosure and comparing with one
or more aspects of a reference image (post cleaned im-
age, reference clean image, averaged values from a
range of images, a reference target in an image, etc.).
One or more aspects of the evaluating process may in-
clude assessing a differential map of the absorption
through a window along the optical path (e.g. to search
for one or more sites of fouling on the window, etc.). The
method may include a step of test cleaning (e.g. a burst
of dry air, etc.). The method may include comparing an
image before and after a cleaning or test cleaning proc-
ess in order to determine if the cleaning process has been
successful or not. The method may include repeating the
cleaning process if a previous cleaning step was ineffec-
tive.
[0100] In aspects, the system may be configured to
employ a method for managing a self-cleaning camera
module in accordance with the present disclosure includ-
ing the steps of evaluating the cleanliness of the window,
determining if cleaning is necessary, if so cleaning the
window in accordance with the present disclosure, if not,
closing a shutter (e.g. a protective cover in accordance
with the present disclosure) and placing the camera mod-
ule into standby. The method also includes watching for
a subject (e.g. via a second camera system, a second
camera module, a surveillance camera, etc.), waking and
opening the shutter of the camera module (e.g. upon

sighting of the subject, upon proper placement of the sub-
ject in the field of view of the camera module, etc.), con-
tinuing with operations (e.g. observing a subject, operat-
ing the camera, collecting one or more images and/or
video, etc.).
[0101] In aspects, the step of watching for a subject
may be performed by one or more sensing means (e.g.
an RFID locating system, a pyrometer, an ultrasonic sen-
sor, a light curtain, etc.). The sensing means may trigger
a signal for the camera to wake-up and continue opera-
tions when a suitable subject is detected in range. In as-
pects, the subject may be an animal (e.g. a cow, a sheep,
a lamb, a pig, etc.) equipped with an RFID tag. A RFID
tag reader may be positioned near to the camera modules
such that as a target moves within range of the reader,
the camera may awaken and continue with operations
(e.g. assessing cleanliness, obtaining a reading, etc.).
[0102] The method may include continuing with oper-
ations for a predetermined length of time before re-eval-
uating the cleanliness of the window/lens, monitoring for
an event that may preclude the cleaning process, etc.
The step of evaluating may include analyzing an image
taken by a camera in accordance with the present dis-
closure and comparing with one or more aspects of a
reference image (post cleaned image, reference clean
image, averaged values from a range of images, a ref-
erence target in an image, etc.). One or more aspects of
the evaluating process may include assessing a differ-
ential map of the absorption through a window along the
optical path (e.g. to search for one or more sites of fouling
on the window, etc.). The method may include a step of
test cleaning (e.g. a burst of dry air, etc.). The method
may include comparing an image before and after a
cleaning or test cleaning process in order to determine
if the cleaning process has been successful or not. The
method may include repeating the cleaning process if a
previous cleaning step was ineffective.
[0103] The method may include one or more of steps
assessing energy reserves, assessing fluid reserves,
scheduling maintenance, combinations thereof, and the
like.
[0104] The method may also include analyzing the im-
ages received from the cameras to determine if a clean-
ing operation should be suspended until a more appro-
priate time. Such cleaning aspects may be suspended
when system detects a suitable subject (e.g. an animal,
a gas leak, an active manufacturing line, etc.) in the field
of view of one or more of the camera module. Such sus-
pension of cleaning may be performed until adequate
analysis of the target can be completed and the associ-
ated camera module is free from more pressing matters
(e.g. analyzing suitable targets, scanning for targets,
etc.).
[0105] In aspects, the method may include assessing
if the subject is within range and, if so, suppressing clean-
ing operations until the subject has left the field of view
of the camera module, or a secondary camera module.
[0106] In aspects, the camera module may be included
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as part of a livestock management system (e.g. manag-
ing a milking process, reproductive scheduling, herd
health monitoring, etc.). In such systems, the manage-
ment of livestock movement is generally focused around
feeding, shearing, and milking processes as well as mon-
itoring of livestock during the mating season. The move-
ment of animals within the farmyard may be broken down
into aspects of free livestock traffic and controlled live-
stock traffic. The farms that make use of free livestock
traffic are generally configured without gates and the live-
stock may decide how they want to move throughout the
given space. In farms with controlled livestock traffic, the
livestock remain in control of how they want to move, but
their path may be restricted by means of gate systems
and assets. In many systems with guided livestock traffic,
the livestock often feed first before milking. Under this
system, livestock are milked after having had access to
food.
[0107] Such path planning may be considered when
positioning a camera module in accordance with the
present disclosure within the monitoring environment. In
some livestock monitoring applications, such freedom of
movement may necessitate attachment of the camera
module in close proximity to the feeding station, milking
station, and/or gates leading there to or there from. Thus
the environment surrounding the camera module may be
particularly prone to contamination.
[0108] In aspects, a system in accordance with the
present disclosure may be used in combination with one
or more systems for monitoring the feeding habits, eating
levels, fluid analyte testing systems (e.g. milk, blood, fe-
cal, urine analysis), as well as comparison with related
metrics pertaining to the eating habits, milk production,
milk quality, and the like of a subject, a group of subjects,
etc.
[0109] The system may be coupled to one or more
body feature related biometrics, including changes in the
size/shape of one or more features, the cleanliness of
one or more features, etc.
[0110] In aspects, the system may be configured to
assess the fertility of an animal individually or amongst
a herd. The fertility of the animal may be considered the
outcome for the purposes of this discussion. In aspects,
the system may be directed to analyze features of the
muzzle and/or genitalia of the subject, in order to assess
one or more metrics (e.g. thermographic data, color, size,
engorgement, etc.). In aspects, the mucus around the
muzzle of a subject may become thicker as well as hotter
during times of ovulation. Monitoring such metrics over
time may allow for mapping a fertility cycle, which may
provide breeders with improved predictive capacity for
creating ideal breeding conditions.
[0111] In aspects, a system in accordance with the
present disclosure may compare data from a range of
metrics. Including thermograms, collages, size, color,
and shape variance of features, and the like, the system
may obtain one or more metrics from related systems
(e.g. a livestock management system, a milking machine,

a diagnostic tool, a lab datacenter, etc.). Such information
may include milk yield trends (such as decreasing milk
yield may indicate the onset of sickness), cell count levels
in blood, urine, and/or milk (increasing values usually in-
dicate the onset of sickness), levels of salt in the milk,
and conductivity levels of the milk (increases in conduc-
tivity may indicate the onset of sickness). A predictive
model in accordance with the present disclosure may be
configured to accept such data as it is available, for train-
ing purposes, for making predictions of outcome, etc.
Such a configuration may be advantageous for providing
a more robust confirmation of sickness, fertility, or the
like.
[0112] In aspects, one or more segmented feature por-
tions obtained from a plurality of images or a video se-
quence may be combined into a representative segment-
ed feature for further analysis. In aspects, such an oper-
ation may be performed by locating common features
between the plurality of segmented feature portions and
stitching them together to form the representative seg-
mented feature. In aspects, the plurality of segmented
feature portions may be directly overlaid (i.e. in the form
of a collage) onto each other in an analysis image in order
to generate a representative image for further analysis.
In such a non-limiting example, pixels related with the
segmented feature that overlap during the overlaying
process, may be averaged, etc. in order to generate a
stabilized representative segmented feature.
[0113] In aspects, a system in accordance with the
present disclosure may be configured to track one or
more of cleanliness, gait, mucus formation, and the like
as secondary measures of the health, and environmental
aspects related to the health of the subject. Such a con-
figuration may be advantageous for providing a more ro-
bust confirmation of sickness, fertility, frailty, or the like.
[0114] In aspects, a system in accordance with the
present disclosure may be configured to capture one or
more anthropomorphic aspects of the subject (e.g. udder
characteristics, coat patterns [for identification], udder lo-
cation with respect to one or more feature landmarks,
facial characteristics, etc.). Such information may be
used for purposes of identification, for tracking of chang-
es in body features, for use in a segmentation process,
etc.
[0115] Such a system may be advantageous for pro-
viding measurements of a subject without substantially
interrupting workflow thereof (e.g. may be configured to
analyze moving animals, capture data in compromised
measurement situations, etc.)
[0116] In aspects, the step of segmenting a feature
may be used to derive a size and shape statistic of an
individual subject (e.g. an animal, a cow, etc.). Such in-
formation may be used in the metric extraction process,
or may itself be a metric associated with the outcome of
the individual.
[0117] In aspects, the metric may be provided in the
form of a measurement vector (temperature statistics of
the observed udder), a topological map, etc. which may
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be included along with information relating to the updated
udder shape/size statistics of the individual subject.
[0118] The method of analyzing the metrics and for-
mulating a prediction of risk, may make a comparison
between the herd metrics (which may be considered nor-
mal for the purposes of analysis). The analysis may ac-
cept the measurement vector as well as temperature sta-
tistics, historical data, ambient data, combinations there-
of, and the like.
[0119] In aspects, the prediction may highlight regions
of the feature that are considered at risk, abnormal, etc.
(i.e. highlight the quarter udder, teat, etc. that is at risk,
unusually high temperature, etc.). Such information may
be conveyed via an alert in accordance with the present
disclosure.
[0120] In aspects, the features of interest may be lo-
cated and segmented in a robust and predictable man-
ner, in order to extract relevant measurement (tempera-
ture) values therefrom.
[0121] In aspects, the segmentation algorithm may in-
clude segmentation of a feature (e.g. an udder), segmen-
tation of sub-features (e.g. a quarter udder, a teat, etc.).
[0122] In aspects, the method of locating a feature may
include computing feature shape candidates, selecting
a best fit feature shape based upon a comparison of the
candidates to the image, the expected feature shape, or
the localization of a sub feature (e.g. localization of one
or more teats). The method of segmenting may include
extracting one or more sub-features from a segmented
feature, geometrically dividing sub-features from within
a segmented feature or candidate feature shape, etc.
[0123] In aspects, the detection of the feature may be
based upon the thermographic characteristics thereof.
In one non-limiting example, an udder of a cow is one of
the warmest features on the surface of the animal. A fea-
ture location algorithm for an udder, in accordance with
the present disclosure may, at least in part, rely on the
udder being a warm area in the image. Thus a location
vector for the feature may be based upon determining
the warmest area of an image.
[0124] In one non-limiting example, a box filter of a size
half of the expected feature size may be used to extract
candidate features from the image. Local maxima in the
filter output may be considered feature position candi-
dates.
[0125] In aspects, regions of images may be discarded
from analysis as being too high or too low in temperature
to be considered physiologically relevant to the indended
analysis. In aspects, one or more regions of images may
be considered as stationary (i.e., not containing any sub-
stantial motion over a sequence of frames). In aspects,
such information may be discarded from analysis, used
to determine environmental information, used to deter-
mine the location of a subject, or the like (i.e. often the
subject will be substantially moving from frame to frame
during an assessment thereof).
[0126] In aspects, at each feature position candidate,
possible feature shapes may be computed and a seg-

mented shape may be selected by comparing shape can-
didates with a database of expected shapes (e.g. default
expected shapes, historical shapes, shapes from previ-
ous analyses, etc.).
[0127] In aspects, the method of segmenting a feature
may include segmenting a feature from a feature position
candidate, by applying a thermal thresholding and/or la-
beling algorithm to determine one or more udder shape
candidates for each detected candidate position.
[0128] Candidate feature shapes may be further
smoothed using one or more binary morphological oper-
ations, refining one or more feature shapes using Grab-
Cut, combinations thereof, or the like.
[0129] In aspects, the method of segmenting may in-
clude selecting a segmented feature from the set of com-
puted feature shapes using criteria based on image prop-
erties, expected feature shape, and sub-feature detec-
tion and localization, combinations thereof, and the like.
[0130] In aspects, the feature candidates may be se-
lected by comparing the image properties to a set of ud-
der shape candidates, including computing the area of
each feature shape candidate (e.g. count the number of
pixels, calculate an area, etc.), sorting the feature shape
candidates by area, pixel count, etc., estimating the dif-
ferential of the number of pixels with respect to the index
of each particular feature shape candidate. In aspects,
the differential may be regarded as the instability of the
feature shape candidate, and the maximally stable fea-
ture shape candidates (i.e., the ones corresponding to
local minima of the differential of the number of pixels)
may be selected and placed into the candidate set, while
the others may be discarded. From the remaining set of
feature shape candidates, the system may select one of
the more maximally stable candidates for further analysis
and metric extraction.
[0131] In aspects, one or more feature shapes may be
selected by parameterizing the feature shape (i.e. de-
scribing permutations of the feature via a limited number
of shape parameters), and performing a model fit or like-
lihood score to each udder candidate determined by a
previously computed expected udder shape (i.e. deter-
mining the optimal parameters satisfying the feature
shape model from the image(s) under consideration).
From the set of feature shape candidates, select the one
or ones with best model fit.
[0132] In aspects, a method for segmenting a feature
may include selecting one or more feature candidates
based upon the detection of one or more sub features
(e.g. teats, nostrils, fur patterns, etc.). In aspects, the
method may include detecting possible sub features in
the image, for example by using a trained detector from
one or more example image(s). In one non-limiting ex-
ample, such a process is implemented with a boosted
cascade of detectors using Haar-filters. The method may
include selecting feature candidates whose sub features
best match those detected in the image(s).
[0133] In aspects, a method for extracting one or more
metrics from a segmented feature may include measur-
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ing the maximum temperature, the average temperature,
and/or the temperature variance is extracted in each se-
lected feature and/or sub feature.
[0134] In aspects, the step of updating may include
updating the expected feature shapes using at least a
portion of the data determined in the previous analysis.
In one non-limiting example, the "expected shape" may
be updated and stored in the system using the measured
feature shape obtained during the feature segmentation
step, and/or generating a new "expected shape" from a
combination of the most recently measured shape and
the previous "expected shape(s)".
[0135] In aspects, the prediction may include accept-
ing the metric measurement vector computed by the fea-
ture analysis step and comparing the vector to one or
more previously collected statistics, thus creating an
anomaly score.
[0136] In aspects, the statistics of an individual may be
compared with those of the group in order to compensate
for trends like time of day, air temperature, and the like.
[0137] In aspects, the system may generate a group
set of statistics, in form of a parameter vector x describing
the probability distribution of the feature metric statistics
of the entire group of subjects as a single entity. In one
non-limiting example, the statistics may be represented
as a state vector (describing the mean of the probability
distribution, the current expected value of the metric pa-
rameters, etc.), and a covariance matrix. Other represen-
tations (e.g. particle clouds) are envisaged.
[0138] The relationship between the expected statis-
tics of an individual subject and the group may be de-
scribed by an observation model for each individual sub-
ject. A prediction of the group statistics may be generated
from the statistics stored at a previous time predicted to
the current time using a prediction model in accordance
with the present disclosure. The group statistics may be
estimated from the measurements of one or more indi-
viduals within the group and the prediction of the group
statistics generated by the prediction model. The statis-
tics for a particular individual in the group may then be
predicted based upon the updated group statistics.
[0139] An anomaly may be detected by comparing the
predicted statistics for an individual subject and the
measurements made upon that subject at any given time.
If the deviation between the predicted and measured re-
sults greater than a predetermined threshold, the meas-
urement is regarded as an anomaly.
[0140] In one, non-limiting example, the statistics may
be represented with a state vector z and a covariance
matrix C. The anomaly value may be computed as a=(zi-

z∼i )^T (C+Ci) ^(-1) (zi-z∼i), where C and Ci are cov-
ariance matrices describing uncertainties in the group
set statistics and the measurement respectively and zi
is a measured state vector, while z∼i is a predicted state
vector. If the value is greater than a predetermined
threshold (i.e. such as may be determined by user-de-
fined system sensitivity), the measurement is regarded

as an anomaly. In aspects, a more robust detection may
include an accumulation of the anomaly score over time
(i.e. equivalently a risk score).
[0141] In aspects, the system may be configured to
exclude low temperature anomalies from consideration
(i.e. in the case of a mastitis detection system). In as-
pects, absolute thresholds may be set, so as to override
a relative threshold setting. Such thresholds may be con-
figured to be including or excluding. For example a lower
threshold might be set telling that the deviation must be
greater than an absolute number (of, e.g., degrees Cel-
sius) in order to be counted as an anomaly. In aspects,
one or more thermal parameters with deviations below
a threshold may be excluded from the anomaly compu-
tation. In aspects, a high threshold might be set, such
that temperature deviations above this threshold may al-
ways be counted as an anomaly.
[0142] In aspects, the updating process may include
updating the data in the statistical and/or predictive model
of the system, so as to maintain a strong predictive value
therefrom during use. Such an updating process may
include an adaptive or self-learning algorithm in accord-
ance with the present disclosure. In one non-limiting ex-
ample, the group statistics may be updated from the pre-
dicted group statistics and the measured individual mem-
ber statistics with an Extended Kalman Filter in Joseph
form.
[0143] It will be appreciated that additional advantages
and modifications will readily occur to those skilled in the
art. Therefore, the disclosures presented herein and
broader aspects thereof are not limited to the specific
details and representative embodiments shown and de-
scribed herein. Accordingly, many modifications, equiv-
alents, and improvements may be included without de-
parting from the scope of the general inventive concept
as defined by the appended claims.

Claims

1. A system (16) for predicting a health outcome of a
subject (1, 101)moving through an environment, the
system comprising:

- a camera (120) situated within the environment
configured to generate one or more images
and/or a video sequence including at least a por-
tion of a feature of interest of the subject; and
- a processor (12), configured to identify and
segment at least the portion of the feature of
interest from the one or more of the images
and/or video sequence to form one or more seg-
mented features (2a-e, 3, 4), to calculate one or
more metrics from the segmented features, and
to predict the health outcome of the subject
based upon one or more of the metrics,
- characterized in that when the processor de-
termines that the identified portion of the feature
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of interest is at least partially obstructed in the
one or more images and/or video sequence, the
processor is further configured to:

segment at least a part of the identified por-
tion of the feature of interest from the plu-
rality of images and/or video sequence to
form a group of partially segmented fea-
tures;
merge the partially segmented features to
form a representative segmented feature;
calculate one or more metrics based on the
representative segmented feature; and
predict the health outcome of the subject
based upon one or more of said metrics.

2. The system (16) as claimed in claim 1, wherein the
system comprises a database configured in commu-
nication with the processor, the database (601) con-
figured to store one or more of the images and/or
video sequences, one or more reference features,
one or more of the segmented features (2a-e, 3, 4),
and/or one or more of the metrics, wherein the proc-
essor is arranged to communicate with the database.

3. The system (16) as claimed in claim 2, wherein the
processor is configured to compare one or more of
the reference features with one or more of the seg-
mented features (2a-e, 3, 4) to predict the health
outcome of the subject.

4. The system (16) as claimed in any one of claims 1 -
3, wherein the processor is arranged to receive one
or more environmental parameters, the processor
configured to use one or more of the environmental
parameters to assist in predicting the health outcome
of the subject (1, 101).

5. The system (16) as claimed in any one of claims 1 -
4, wherein the processor is configured to calculate
one or more environmental parameters from one or
more of the images and/or video sequences, the
processor configured to use one or more of the en-
vironmental parameters to assist in predicting the
health outcome of the subject (1, 101).

6. The system (16) as claimed in any one of claims 1 -
5, wherein the processor is configured to identify an
obstruction (5) in one or more of the images and/or
the video sequence, the obstruction (5) obscuring a
view of at least a portion of the feature, and to seg-
ment at least a portion of the feature in the presence
of the obstruction.

7. The system (16) as claimed in any one of claims 1 -
6, wherein the system comprises a plurality of cam-
eras, each camera arranged so as to image at least
a portion of the feature, and/or an alternative feature

on the subject (1, 101).

8. The system (16) as claimed in any one of claims 1 -
7, wherein the processor (12) is configured to send
out an alert based upon the health outcome predic-
tion.

9. The system (16) as claimed in any one of claims 1 -
8, wherein one or more of the metrics comprises ther-
mographic data, color, shape, size data, a thermal
metric, an average temperature, a thermal gradient,
a temperature difference, a temperature range, a
thermal map, a physiological parameter, changes
therein, or combination thereof relating to one or
more of the segmented features (2a-e, 3, 4).

10. A method for predicting a health outcome of a subject
(1, 101) moving through an environment, the method
comprising:

- imaging the subject (1, 101) to produce one or
more images and/or a video sequence including
at least a portion of a feature of interest of the
subject;
- identifying (401) at least the portion of the fea-
ture of interest from the one or more of the im-
ages and/or video sequence;
- segmenting out (403) at least the portion of the
feature of interest from the plurality of images
and/or video sequence to form one or more seg-
mented features (2a-e, 3, 4);
- calculating one or more metrics from the seg-
mented features; and
- predicting the health outcome of the subject
based upon one or more of the metrics,
- characterized in that when the identified por-
tion of the feature of interest is at least partially
obstructed in the one or more images and/or vid-
eo sequence, the method further comprising:

segmenting at least a part of the identified
portion of the feature of interest from the
one or more images and/or video sequence
to form a group of partially segmented fea-
tures;
merging the partially segmented features to
form a representative segmented feature;
calculating one or more metrics based on
the representative segmented feature; and
predicting the health outcome of the subject
based upon one or more of said metrics.

11. The method as claimed in claim 10, comprising seg-
menting out a plurality of segmented features (2a-e,
3, 4) from a plurality of images and generating a rep-
resentative segmented feature for use in the calcu-
lation of the metrics.
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12. The method as claimed in any one of claims 10 - 11,
comprising comparing the segmented features (2a-
e, 3, 4) to an environmental parameter as part of the
prediction.

13. The method as claimed in any one of claims 10 - 12,
comprising comparing the segmented features (2a-
e, 3, 4) and/or metrics from the subject to those ob-
tained from a family of related subjects, as part of
the prediction.

14. The method as claimed in any one of claims 10 - 13,
wherein the prediction is at least partially performed
by a predictive model (301).

15. A method for predicting a health outcome of a par-
tially obstructed subject (1, 101) moving through an
environment according to any one of claims 10-14,
the method comprising:

- imaging the subject to produce a plurality of
partially obstructed images thereof;
- identifying one or more features in one or more
of the partially obstructed images;
- segmenting out at least a portion of the identi-
fied features from a plurality of the images to
form a group of partially segmented features;
- merging the partially segmented features to
form a representative segmented feature;
- calculating one or more metrics from the rep-
resentative segmented feature; and
- predicting the health outcome of the subject
based upon one or more of the metrics.

Patentansprüche

1. System (16) zur Vorhersage eines Gesundheitser-
gebnisses eines Subjektes (1, 101), das sich durch
eine Umgebung bewegt, wobei das System Folgen-
des umfasst:

- eine Kamera (120), die sich innerhalb der Um-
gebung befindet und konfiguriert ist, um eines
oder mehrere Bilder und/oder eine Videose-
quenz zur erzeugen, die mindestens einen Teil
eines Merkmals von Interesse des Subjektes
beinhalten; und
- einen Rechner (12), der konfiguriert ist, um
mindestens den Teil des Merkmals von Interes-
se von dem einen oder den mehreren der Bilder
und/oder der Videosequenz zu identifizieren
und segmentieren, um eines oder mehrere seg-
mentierte Merkmale (2a-e, 3, 4) zu bilden, um
eines oder mehrere Kennzahlen aus den seg-
mentierten Merkmalen zu berechnen, und um
den Gesundheitsergebnis des Subjektes basie-
rend auf einem oder mehreren der Kennzahlen

vorherzusagen,
- dadurch gekennzeichnet, dass, wenn der
Rechner bestimmt, dass der identifizierte Ab-
schnitt des Merkmals von Interesse zumindest
teilweise von dem einen oder mehreren Bildern
und/oder Videosequenz blockiert ist, der Rech-
ner ferner konfiguriert ist, um:

mindestens einen Teil des identifizierten
Abschnitts des Merkmals von Interesse von
der Mehrzahl an Bildern und/oder Videose-
quenzen zu segmentieren, um eine Gruppe
teilweise segmentierter Merkmale zu bil-
den;
Vereinigen der teilweise segmentierten
Merkmale zur Bildung eines repräsentati-
ven segmentierten Merkmals;
Berechnen der einen oder mehreren Kenn-
zahlen basierend auf dem repräsentativen
segmentierten Merkmal; und
Vorhersagen des Gesundheitsergebnis
des Subjektes basierend auf einer oder
mehreren Kennzahlen.

2. System (16) nach Anspruch 1, wobei das System
eine Datenbank umfasst, die in Kommunikation mit
dem Rechner konfiguriert ist, wobei die Datenbank
(601) konfiguriert ist, um das eine oder die mehreren
Bilder und/oder Videosequenzen, eines oder meh-
rere Referenzmerkmale, eines oder mehrere der
segmentierten Merkmale (2a-3, 3 4) und/oder eines
oder mehrere der Kennzahlen zu speichern, wobei
der Rechner eingerichtet ist, um mit der Datenbank
zu kommunizieren.

3. System (16) nach Anspruch 2, wobei der Rechner
eingerichtet ist, um das eine oder mehrere Referenz-
merkmale mit einem oder mehreren der segmentier-
ten Merkmale (2a-3, 3, 4) zu vergleichen, um den
Gesundheitsergebnis des Subjektes vorherzusa-
gen.

4. System (16) nach einem der Ansprüche 1 bis 3, wo-
bei der Rechner eingerichtet ist, um einen oder meh-
rere Umgebungsparameter zu empfangen, wobei
der Rechner konfiguriert ist, um einen oder mehrere
Umgebungsparameter zur Unterstützung der Vor-
hersage des Gesundheitsergebnisses des Subjek-
tes (1, 101) zu verwenden.

5. System (16) nach einem der Ansprüche 1 bis 4, wo-
bei der Rechner konfiguriert ist, um einen oder meh-
rere Umweltparameter aus einem oder mehreren
der Bilder und/oder Videosequenzen zu berechnen,
wobei der Rechner konfiguriert ist, um einen oder
mehrere Umgebungsparameter zur Unterstützung
der Vorhersage des Gesundheitsergebnisses des
Subjektes (1, 101) zu verwenden.
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6. System (16) nach einem der Ansprüche 1 bis 5, wo-
bei der Rechner konfiguriert ist, um eine Verdeckung
(5) in einem oder mehreren der Bilder und/oder der
Videosequenz zu identifizieren, wobei die Verde-
ckung (5) eine Sicht auf mindestens einen Teil des
Merkmals behindert, und um mindestens einen Teil
des Merkmals in Gegenwart der Verdeckung zu seg-
mentieren.

7. System (16) nach einem der Ansprüche 1 bis 6, wo-
bei das System eine Vielzahl von Kameras umfasst,
wobei jede Kamera so angeordnet ist, dass sie min-
destens einen Teil des Merkmals und/oder ein alter-
natives Merkmal auf dem Subjekt (1, 101) abbildet.

8. System (16) nach einem der Ansprüche 1 bis 7, wo-
bei der Rechner (12) konfiguriert ist, um eine War-
nung basierend auf der Vorhersage des Gesund-
heitsergebnisses auszusenden.

9. System (16) nach einem der Ansprüche 1 bis 8, wo-
bei eine oder mehrere der Kennzahlen thermografi-
sche Daten, Farbe, Form, Größendaten, eine ther-
mische Kennzahl, eine Durchschnittstemperatur, ei-
nen thermischen Gradienten und eine Temperatur-
differenz, einen Temperaturbereich, eine Wärme-
karte, einen physiologischen Parameter, Änderun-
gen darin oder eine Kombination davon in Bezug auf
eines oder mehrere der segmentierten Merkmale
(2a-e, 3, 4) umfassen.

10. Verfahren zum Vorhersagen eines Gesundheitser-
gebnisses eines Subjekts (1, 101), das sich durch
eine Umgebung bewegt, wobei das Verfahren um-
fasst:

- Abbilden des Subjekt (1, 101), um ein oder
mehrere Bilder und/oder eine Videosequenz zu
erzeugen, die mindestens einen Teil eines
Merkmals von Interesse des Subjekts enthält;
- Identifizieren (401) mindestens des Teils des
Merkmals von Interesse aus dem einen oder
den mehreren Bildern und/oder der Videose-
quenz;
- Segmentieren (403) mindestens des Teils des
Merkmals von Interesse aus der Vielzahl von
Bildern und/oder Videosequenzen, um ein oder
mehrere segmentierte Merkmale (2a-e, 3, 4) zu
bilden;
- Berechnen einer oder mehrerer Kennzahlen
aus den segmentierten Merkmalen; und
- Vorhersagen des Gesundheitsergebnisses
des Subjektes auf der Grundlage eines oder
mehrerer der Kennzahlen,
- dadurch gekennzeichnet, dass

wenn der identifizierte Teil des Merkmals von Inter-
esse mindestens teilweise in dem einen oder den

mehreren Bildern und/oder der Videosequenz ver-
deckt wird, das Verfahren ferner umfasst:

Segmentieren mindestens eines Teils des iden-
tifizierten Teils des Merkmals von Interesse aus
dem einen oder den mehreren Bildern und/oder
der Videosequenz, um eine Gruppe von teilwei-
se segmentierten Merkmalen zu bilden;
Vereinigen der teilweise segmentierten Merk-
male zur Bildung eines repräsentativen seg-
mentierten Merkmals;
Berechnen der einen oder mehreren Kennzah-
len basierend auf dem repräsentativen segmen-
tierten Merkmal; und
Vorhersagen des Gesundheitsergebnisses des
Subjektes basierend auf einer oder mehreren
Kennzahlen.

11. Verfahren nach Anspruch 10, umfassend das Seg-
mentieren mehrerer segmentierter Merkmale (2a-e,
3, 4) aus mehreren Bildern und das Erzeugen eines
repräsentativen segmentierten Merkmals zur Ver-
wendung bei der Berechnung der Kennzahlen.

12. Verfahren nach einem der Ansprüche 10 bis 11, um-
fassend das Vergleichen der segmentierten Merk-
male (2a-e, 3, 4) mit einem Umgebungsparameter
als Teil der Vorhersage.

13. Verfahren nach einem der Ansprüche 10 bis 12, um-
fassend das Vergleichen der segmentierten Merk-
male (2a-e, 3, 4) und/oder Kennzahlen von dem Sub-
jekt mit denen, die von einer Familie verwandter Sub-
jekte erhalten wurden, als Teil der Vorhersage.

14. Verfahren nach einem der Ansprüche 10 bis 13, wo-
bei die Vorhersage zumindest teilweise von einem
Vorhersagemodell (301) durchgeführt wird.

15. Verfahren zum Vorhersagen eines Gesundheitser-
gebnisses eines teilweise verdeckten Subjekts (1,
101), das sich durch eine Umgebung nach einem
der Ansprüche 10 bis 14 bewegt, wobei das Verfah-
ren umfasst:

- Abbilden des Objekts, um mehrere teilweise
verdeckte Bilder davon zu erzeugen;
- Identifizieren eines oder mehrerer Merkmale
in dem einen oder mehreren der teilweise ver-
deckten Bilder;
- Heraussegmentieren mindestens eines Teils
der identifizierten Merkmale aus mehreren der
Bilder, um eine Gruppe teilweise segmentierter
Merkmale zu bilden;
- Vereinigen der teilweise segmentierten Merk-
male zur Bildung eines repräsentativen seg-
mentierten Merkmals;
- Berechnen einer oder mehrerer Kennzahlen
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aus dem repräsentativen segmentierten Merk-
mal; und
- Vorhersagen des Gesundheitsergebnisses
des Subjektes basierend auf einer oder mehre-
rer der Kennzahlen.

Revendications

1. Système (16) de prédiction d’un résultat de santé
d’un sujet (1, 101) se déplaçant dans un environne-
ment, ce système comprenant :

- une caméra (120) située dans l’environnement
et conçue pour générer une ou plusieurs images
et/ou séquences vidéo incluant au moins une
partie d’une fonction d’intérêt du sujet ; et
- un processeur (12) conçu pour identifier et seg-
menter au moins la partie de la fonction d’intérêt
à partir de l’image ou des plusieurs images et/ou
séquences vidéo pour établir une ou plusieurs
fonctions segmentées (2a-e, 3, 4), pour calculer
un ou plusieurs indicateurs à partir des fonctions
segmentées, et pour prédire le résultat de santé
du sujet en se basant sur un ou plusieurs des
indicateurs,
- caractérisé en ce que, lorsque le processeur
détermine que la section identifiée de la fonction
d’intérêt est au moins partiellement obstruée
dans l’image ou les plusieurs images et/ou sé-
quences vidéo, le processeur est en outre conçu
pour :

segmenter au moins une partie de la section
identifiée de la fonction d’intérêt à partir de
la pluralité d’images et/ou séquences vidéo
pour former un groupe de fonctions partiel-
lement segmentées ;
fusionner les fonctions partiellement seg-
mentées pour former une fonction segmen-
tée représentative ;
calculer un ou plusieurs indicateurs en se
basant sur la fonction segmentée
représentative ; et
prédire le résultat de santé du sujet en se
basant sur un ou plusieurs desdits indica-
teurs.

2. Système (16) selon la revendication 1, dans lequel
le système comprend une base de données confi-
gurée en communication avec le processeur, la base
de données (601) étant configurée pour stocker une
ou plusieurs des images et/ou séquences vidéo, une
ou plusieurs fonctions de référence, une ou plusieurs
des fonctions segmentées (2a-e, 3, 4), et/ou plu-
sieurs des indicateurs, le processeur étant conçu
pour communiquer avec la base de données.

3. Système (16) selon la revendication 2, dans lequel
le processeur est configuré pour comparer une ou
plusieurs des fonctions de référence avec une ou
plusieurs des fonctions segmentées (2a-e, 3, 4) afin
de prédire le résultat de santé du sujet.

4. Système (16) selon l’une quelconque des revendi-
cations 1 à 3, dans lequel le processeur est conçu
pour recevoir un ou plusieurs paramètres environ-
nementaux, le processeur étant configuré pour uti-
liser un ou plusieurs des paramètres environnemen-
taux pour aider à prédire le résultat de santé du sujet
(1, 101).

5. Système (16) selon l’une quelconque des revendi-
cations 1 à 4, dans lequel le processeur est conçu
pour calculer un ou plusieurs paramètres environ-
nementaux à partir des images et/ou séquences vi-
déo, le processeur étant configuré pour utiliser un
ou plusieurs des paramètres environnementaux
pour aider à prédire le résultat de santé du sujet (1,
101).

6. Système (16) selon l’une quelconque des revendi-
cations 1 à 5, dans lequel le processeur est configuré
pour identifier une obstruction (5) dans une ou plu-
sieurs des images et/ou séquences vidéo, l’obstruc-
tion (5) obscurcissant une vue d’au moins une partie
de la fonction, et pour segmenter au moins une partie
de la fonction en présence de l’obstruction.

7. Système (16) selon l’une quelconque des revendi-
cations 1 à 6, dans lequel le système comprend une
pluralité de caméras, chaque caméra étant conçue
pour filmer au moins une partie de la fonction, et/ou
une fonction alternative sur le sujet (1, 101).

8. Système (16) selon l’une quelconque des revendi-
cations 1 à 7, dans lequel le processeur (12) est con-
figuré pour envoyer une alerte en se basant sur la
prédiction de résultat de santé.

9. Système (16) selon l’une quelconque des revendi-
cations 1 à 8, dans lequel l’indicateur comprend des
données thermographiques, la couleur, la forme,
des données de dimensions, un indicateur thermi-
que, une température moyenne, un gradient thermi-
que, une différence de température, une plage de
température, une carte thermique, un paramètre
physiologique, des modifications de ceux-ci, une
combinaison de ceux-ci concernant une ou plusieurs
des fonctions segmentées (2a-e, 3, 4).

10. Procédé de prédiction d’un résultat de santé d’un
sujet (1, 101) se déplaçant dans un environnement,
ce système comprenant :

- le fait de filmer le sujet (1, 101) pour produire
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une ou plusieurs images et/ou séquences vidéo
incluant au moins une partie d’une fonction d’in-
térêt du sujet ;
- l’identification (401) au moins de la partie de
la fonction d’intérêt à partir de l’image ou des
plusieurs images et/ou séquences vidéo ;
- la segmentation (403) au moins de la partie de
la fonction d’intérêt à partir de la pluralité d’ima-
ges et/ou de séquences vidéo pour établir une
ou plusieurs fonctions segmentées (2a-e, 3,4) ;
- le calcul d’un ou plusieurs indicateurs à partir
des fonctions segmentées ; et
- la prédiction du résultat de santé du sujet en
se basant sur un ou plusieurs des indicateurs,
- caractérisé en ce que,

lorsque la section identifiée de la fonction d’intérêt
est au moins partiellement obstruée dans l’image ou
les plusieurs images et/ou séquences vidéo, le pro-
cédé comprend en outre :

la segmentation d’au moins une partie de la sec-
tion identifiée de la fonction d’intérêt à partir de
l’image ou des plusieurs images et/ou séquen-
ces vidéo pour former un groupe de fonctions
partiellement segmentées ;
la fusion des fonctions partiellement segmen-
tées pour former une fonction segmentée
représentative ;
le calcul d’un ou plusieurs indicateurs en se ba-
sant sur la fonction segmentée représentative ;
et
la prédiction du résultat de santé du sujet en se
basant sur un ou plusieurs desdits indicateurs.

11. Procédé selon la revendication 10, comprenant la
segmentation d’une pluralité de fonctions segmen-
tées (2a-e, 3, 4) à partir d’une pluralité d’images et
la génération d’une fonction segmentée représenta-
tive destinée à être utilisé dans le calcul des indica-
teurs.

12. Procédé selon l’une quelconque des revendications
10 à 11, comprenant la comparaison des fonctions
segmentées (2a-e, 3, 4) avec un paramètre environ-
nemental en tant que partie intégrante de la prédic-
tion.

13. Procédé selon l’une quelconque des revendications
10 à 11, comprenant la comparaison des fonctions
segmentées (2a-e, 3, 4) et/ou indicateurs du sujet
avec ceux obtenus à partir d’une famille de sujets
en question en tant que partie intégrante de la pré-
diction.

14. Procédé selon l’une quelconque des revendications
10 à 13, dans lequel la prédiction est au moins par-
tiellement réalisée par un modèle prédictif (301).

15. Procédé de prédiction d’un résultat de santé d’un
sujet partiellement obstrué (1, 101) se déplaçant
dans un environnement selon l’une quelconque des
revendications 10 à 14, ce procédé comprenant :

- le fait de filmer le sujet pour produire une ou
plusieurs images partiellement obstruées de ce-
lui-ci ;
- l’identification d’une ou plusieurs fonctions
dans une ou plusieurs des images partiellement
obstruées ;
- la segmentation au moins d’une partie des
fonctions identifiées à partir d’une pluralité
d’images pour former un groupe de fonctions
partiellement segmentées ;
- la fusion des fonctions partiellement segmen-
tées pour former une fonction segmentée
représentative ;
- le calcul d’un ou plusieurs indicateurs à partir
de la fonction segmentée représentative ; et
- la prédiction du résultat de santé du sujet en
se basant sur un ou plusieurs des indicateurs.
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