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CLASSIFICATION SYSTEM FOR SIMILAR
OBJECTS FROM DIGITAL IMAGES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a U.S. National Stage of International
Application No. PCT/US2014/067973, filed 1 Dec. 2014,
which claims the benefit of U.S. Provisional Patent Appli-
cation No. 61/910,400, filed 1Dec. 2013, each herein fully
incorporated by reference.

BACKGROUND

Wildlife research often necessitates methods for estimat-
ing the size of unknown wild animal populations and for
tracking individual animals within those populations. These
two goals may generally be referred to as “censusing” and
“monitoring,” respectively.

Traditional methods of censusing and monitoring often
involve invasive and costly approaches such as radio-telem-
etry (e.g., fitting a tracking device to an animal) or marking
(e.g., ear-notching). These methods generally involve either
direct physical handling of the animals or otherwise disturb-
ing the animals in their natural habitat. Evidence suggests
that such methods may have harmful effects on endangered
species, including decreased fertility, reduced body weight,
and ranging behavior. Furthermore, capturing an animal
through physical or chemical immobilization may cause the
animal stress, pain, fear, anxiety, physical injury, or even
death.

Endangered species often are particularly desirable to
census and monitor as they tend to have low or declining
populations, and it is desirable to protect them in order to
preserve biodiversity. It is therefore desirable to have a
method of censusing and monitoring endangered species in
a manner that is unobtrusive and harmless to the animals that
are the subject of observation. Close observation from
ground or aerial vehicles may allow observation of species
without directly handling the animals. But, these methods
are expensive and are still likely to involve creating an
unnatural disturbance in the habitat of the animals that may
negatively impact the animals. Furthermore, individual ani-
mals may not be easily identified and distinguished from
others by mere observation alone.

Every species of animal has a unique foot anatomy, and
each individual animal within a species has unique foot-
prints. Accordingly, species of animals may be identified by
examining a set of footprints or tracks (“tracking”). Tracking
has long been a method used in hunting and wildlife research
to locate a particular species of animal. While it is both
cheap and unobtrusive, tracking is a difficult skill learned
over time that cannot be readily imparted to wildlife
researchers. Further, even experienced trackers may not be
able to readily determine the individual identification, age-
class, or sex of an animal within the species from merely
observing tracks. Furthermore, to the extent a tracker may
attempt to associate a set of tracks with an individual animal,
the identification may be inherently unreliable as it requires
the use of the tracker’s memory for comparison to other sets
of tracks. As such, digital photography may provide a
suitable aid in advancing the use of animal tracks for
identification purposes.

SUMMARY

New methods and techniques are necessary for identify-
ing and tracking animal species in the wild in an affordable,
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sustainable, unobtrusive manner that is harmless to the
animals. Furthermore, these new methods and techniques
may enable indigenous communities who familiar with the
animals and their tracks, to more easily participate in the
process of data collection for conservation monitoring.
Some or all of the deficiencies of the traditional methods of
animal identification and tracking described above may be
addressed by certain embodiments of the disclosed technol-
ogy. For example, certain embodiments may include cap-
turing digital images in accordance with a standardized
protocol, extracting data from the images, applying statisti-
cal processes to the data to classify the animal (such clas-
sification may include, but not be limited to, for example,
species, individual identification, age-class, or sex), and
mapping the spatial and temporal distributions of the ani-
mals. It should be understood that while this disclosure
generally describes the identification of animals, the meth-
ods and techniques described herein may be applied to any
number of different objects in other fields, such as, but not
limited to, medical images, law-enforcement/homeland-se-
curity images, or images from other scientific fields such as
geology or botany.

According to an example embodiment, a method is pro-
vided. The method may comprise receiving a set of images
of an indication of an object, extracting image data from
each image comprising the set of images of the indication of
the object, comparing the image data to a set of comparison
data, wherein the set of comparison data comprises a plu-
rality of data sets, wherein each of the plurality of data sets
is associated with a comparative object, determining a
classification of the object based on the comparison, and
outputting, for display, output data representative of the
determined classification of the object.

According to another example embodiment, extracting
image data may comprise providing a plurality of landmark
points on an image of the set of images of the indication of
the object, providing a plurality of derived points on the
image, generating object data, wherein object data com-
prises at least one of an area, an angle or a distance between
landmark points and/or derived points, and outputting the
object data.

According to another example embodiment, extracting
image data may further comprise adjusting the resolution
and orientation of the image to substantially match the
resolution and orientation of a sample object image.

According to another example embodiment, the sample
object image may comprise a number of sample landmark
points, and wherein each landmark point provided on the
image corresponds to a corresponding sample landmark
point on the sample object image.

According to another example embodiment, a position of
each derived point may be determined by the positions of a
number of landmark points.

According to another example embodiment, extracting
image data may further comprise providing two scale points
on the image, positioned with respect to a measuring refer-
ence depicted in the image such that the positions of the two
scale points correspond to a reference distance of the mea-
suring reference.

According to another example embodiment, comparing
the image data set to a set of comparison data may comprise,
generating, through discriminant analysis of the image data
and the set of comparison data, an image set of canonical
variates corresponding to the image data, a plurality of
comparison sets of canonical variates, wherein each of the
plurality of comparison sets of canonical variates corre-
sponds to a comparative object, and an RCV set of canonical
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variates corresponding to a cumulative set of image data and
comparison data, generating a first centroid value corre-
sponding to the image set of canonical variates, a plurality
of comparison centroid values, wherein each of the plurality
of comparison centroid values corresponds to a comparison
set of canonical variates of the plurality of comparison sets
of canonical variates, and an RCV centroid value corre-
sponding to the RCV set of canonical variates, plotting, in
two-dimensional space, the first set of canonical variates as
a first canonical centroid plot represented by a first ellipse
having a center point at the first centroid value, one of the
plurality of comparison sets of canonical variates as a
second canonical centroid plot represented by a second
ellipse having a center point at one of the plurality of
comparison centroid values, and the RCV set of canonical
variates as an RCV canonical centroid plot, represented by
a third ellipse having a center point at the RCV centroid
value, and determining whether the first ellipse overlaps the
second ellipse.

According to another example embodiment, determining
a classification of the object may comprise classifying the
object as having the same individual identity as a compara-
tive object in response to determining that the first ellipse
overlaps the second ellipse.

According to another example embodiment, the output
data representative of the determined classification of the
object may comprise an indication that the object has the
same individual identity as the comparative object.

According to another example embodiment, comparing
the image data set to a set of comparison data may further
comprise, determining a plurality of distance values wherein
a distance value comprises the distance between the first
centroid value and a comparison centroid value of the
plurality of comparison centroid values, the first centroid
value and the RCV centroid value, a comparison centroid
value of the plurality of comparison centroid values and the
RCV value, or a first comparison centroid value of the
plurality of comparison centroid values and a second com-
parison centroid value of the plurality of comparison cen-
troid values, applying a clustering technique to the plurality
of distance values, and generating, responsive to applying
the clustering technique, a cluster dendrogram.

According to another example embodiment, the clustering
technique may comprise Ward’s clustering technique.

According to another example embodiment, the output
data representative of the determined classification of the
object may comprise a cluster dendrogram.

According to another example embodiment, comparing
the image data set to a set of comparison data may comprise,
performing a validated discriminant analysis of the image
data, comprising, identifying a plurality of sets of known
object data, wherein each of the plurality of sets of known
object data comprises one of the plurality of sets of data
which comprise the comparison data, receiving a selection
of variables, responsive to receiving the selection of vari-
ables, generating, through discriminant analysis, a canonical
plot of the image data and the plurality of sets of known
object data, wherein the image data is located at a location
in the canonical plot, identifying a region of the canonical
plot that corresponds to a group criterion classification, and
determining the group criterion classification of the object
based on the location of the extracted data in the canonical
plot relative to the identified region.

According to another example embodiment, receiving a
selection of variables may comprise, designating the plural-
ity of sets of known object data as a Y variables in a
validated discriminant analysis, receiving a selection of a
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group criterion as an X variable in a validated discriminant
analysis, and receiving a selection of other validated dis-
criminant analysis variables.

According to another example embodiment, other vali-
dated discriminant analysis variables may comprise at least
one of validation type, number of folds, and stepwise
selection.

According to another example embodiment, the group
criterion may comprise one of sex, age-class or species.

According to another example embodiment, the output
data representative of the determined classification of the
object may comprise an indication of the group criterion
classification of the object.

According to another example embodiment, a method of
classifying an object may comprise, receiving a set of
images of an indication of the object, extracting image data
from each image comprising the set of images of the
indication of the object, comparing the image data to a set
of comparison data, wherein the set of comparison data
comprises a plurality of data sets, wherein each of the
plurality of data sets is associated with a comparative object,
wherein comparing the image data to a set of comparison
data comprises, generating, through discriminant analysis of
the image data and the set of comparison data, an image set
of canonical variates corresponding to the image data, a
plurality of comparison sets of canonical variates, wherein
each of the plurality of comparison sets of canonical variates
corresponds to a comparative object, and an RCV set of
canonical variates corresponding to a cumulative set of
image data and comparison data, generating a first centroid
value corresponding to the image set of canonical variates,
a plurality of comparison centroid values, wherein each of
the plurality of comparison centroid values corresponds to a
comparison set of canonical variates of the plurality of
comparison sets of canonical variates, and an RCV centroid
value corresponding to the RCV set of canonical variates,
plotting, in two-dimensional space, the first set of canonical
variates as a first canonical centroid plot represented by a
first ellipse having a center point at the first centroid value,
one of the plurality of comparison sets of canonical variates
as a second canonical centroid plot represented by a second
ellipse having a center point at one of the plurality of
comparison centroid values, and the RCV set of canonical
variates as an RCV canonical centroid plot, represented by
a third ellipse having a center point at the RCV centroid
value, determining whether the first ellipse overlaps the
second ellipse, determining a classification of the object
based on the comparison, and outputting, for display, output
data representative of the determined classification of the
object.

According to another example embodiment, comparing
the image data set to a set of comparison data may further
comprise, determining a plurality of distance values wherein
a distance value comprises the distance between the first
centroid value and a comparison centroid value of the
plurality of comparison centroid values, the first centroid
value and the RCV centroid value, a comparison centroid
value of the plurality of comparison centroid values and the
RCV value, or a first comparison centroid value of the
plurality of comparison centroid values and a second com-
parison centroid value of the plurality of comparison cen-
troid values, applying a clustering technique to the plurality
of distance values, and generating, responsive to applying
the clustering technique, a cluster dendrogram.

According to another example embodiment, the output
data representative of the determined classification of the
object may comprise a cluster dendrogram.






