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lc]ve Joumal of Visualized Experiments WWW_jove.com

Video Article

Spotting Cheetahs: Identifying Individuals by Their Footprints
Zoe C. Jewell'?, Sky K. Alibhai'?, Florian Weise™, Stuart Munra, Marlice Van Vuuren®, Rudie Van Vuuren®

A footprint technique to identify white rhino “WidTrack 501(c)3 (widirack org)

Ceratotherium simum at individual and species levels olas Schoal of the Environmen, Duke University
a'an ku sé& Research Programme

Sky K. Alibhai', Zoe C. Jewell'*, Peter R. Law® *Division of Biokgy and Conservation Ecology. Schoal of Science and the Environment, Manchester Metropolitan University
ENdlan ku sé Foundafion

*Apartado 210, B550-909 Monchique, Portugal
3 : "
1 Mack Mace, Monros, New York 16058, USA. Correspondence to: Sky K. Alibhai at wildtrack.menitoring@gmail.com

'HEME SECTION

URL: h ww.jove .comivideo/54034
DOI: doi:10.37591/54034

Original Article species, image recognition, statistical modeling
Date Published: 511/2016

Sex Determination of Amur Tigers
3.8 5 P . Citation: Jewell, Z.C.. Alibhai, 5.K.. Weise, F.. Munro, 5., Van Vuuren, M., Van Vuuren, R. Spotting Cheetahs: Identifying Individuals by Their
(Panthera tigris altaica) From Footprints in Snow Foolprints. .. Vis. Exp. (111), 854034, dol:10.3791/54034 (2016).

’. Keywords: Environmen ciences, Issue 111, Footprint identification, Acinonyx jubatus, non-invasive monitoring, conservation, endangered
-
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Publications

GUANGSHUN JIAM stry University, 2 | Harbin, Heilonggiang 150040, P-R. China;
Feline Reses 4 Harbin 150040, P.R. CI
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Non-invasive Monitoring
from the ground up



https://wildtrack.org/conservationfit/publications/
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Working hypothesis: ,The (multivariate) variance of the tracks of different otter individuals is often bigger
than environmentally introduced variance of tracks, therefore images of footprints can be a useful source
of information to monitor Eurasian Otters (Lutra lutra).”

=>Is it possible to identify individual otters wi!:)h tracks even though every footprint is
uniquer:

02.03.2021



Publication Method Key Points:
Home Range of the Otter (Lutra lutra) in Southern Sweden * Tracking * Individuals
S.Erlinge (1967) * Measurements * Home range

of plaster casts

Estimating the density of Otter (Lutra lutra) populations using individual * Digital measurements of » Standardised image collection protocol
analyses of tracks digital images * Measurements in digital images
K. Hertweck et. al (2002) * Discriminant analysis (DA) ¢ Multivariat statistical approach to

as classification model attribute tracks in a trail to individuals
Preliminary study of the tracks of captive otters as a tool for field research  DA& * Footprints of captive otters
L. Mercier& G.Fried (2005) * Digital measurements * Sex classification
Identifying individual Eurasian Otters based on Measurements of their * DA & digital measurements ¢ Prints of captive and wild otters
footprint's standardization of the method and its potential for censusing and * Recommended to use FIT to overcome
monitoring wild otter populations limitations of DA

I.Vétrovcova (2006)

Previous work on Otter tracks

—ls it possible to identify individuals with tracks even though every footprint is unique?
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WlldTr a C k | FIT APPLICATION

| X PR Main Menu
.0 ‘~ ’- .. O ’. ‘. ”

Non- mv‘va Wildlife Monitoring SelectSpecies | oy,
Footprint Identification Technology (FI'T)

FIT Option @ Image Feature Extraction
() Pairwise Data Analysis
(0 Validated Discriminant Analysis
() Mapping
(O Help

Launch Application

For More Information
www.wildtrack.org
info@wildtrack.org

The Present: FIT for the
Eurasian Otter
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Current best practice
based on biometrics
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Reference database of known otters (currently N=29)
Ex-Situ Partners are important for this stage
Images can be uploaded via app

Training
image
database
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Unknown animals

.

Preparation of sites increase success rate
Footprints need to be grouped and labelled in trails
FIT can be combined with other non-invasive methods

Image
database

10
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Pre-defined landmarks are placed manually

Coordinates to generate geometric profiles (distances, angles,
areas, ratios)

193 measurements are automatically derived

Image
database

Geometric
Profiles
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Unknown animals

v Model 3
1~ Actual by Predicted

Training Validation
Metric  Value
o« ., ° RSquare 0,5789 . . L3 1
. é > ? ;.. o' LogLoss 0,2864 - - .'o.{.o:é
M . of o002y’ e RMSE 002868 M - PIRE L
R I MAE 0,070 w Kk
® L] O. .. ° .?" L ® [ ) ... b .: ...".
sex sex
o e I . " p A o -* <
.: e® o o .:.!0. \, CPY .’ O. &
F . . Nég £ e % .,..... O
L
Te o .... oty .o :. LIPS
v - . *
000 020 040 060 0,8 1,00 0,00 0,20 040 0,60 0,80 1,00
sex Prob[Actual] sex Prob[Actual]
1 Confusion Matrix
4 Training 4 Validation
Predicted Predicted =~ Metric  Value Predicted Predicted = Metric
Actual Count Actual Rate Accuracy 0,8992 Actual Count Actual Rate Accuracy
sex F M sex F M | Misclass 0,1008 sex F M sex F M | Misclass
F 200 19| |F 0,913 0,087 | F1 08797 |F 192 27||F 0,877 0,123 | F1
M 19 139||M 0,12 0,88 | MCC 07930 |M 24 134||M 0,152 0,848 | MCC

Metric  Value
RSquare 0,3430
Logloss 0,4956
RMSE  0,3239
MAE 0,2313

Value
0,8647
0,1353
0,8401
0,7230

k 02.03.2021 /

Geometric profiles train and validate Machine Learning
Classification Models

Sex can be classified on single footprints or trails
86% crossvalidated classification accuracy (preliminary N= 24)

Geometric

Image
database

Profiles
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I Known animals

4 Canonical Plot

I Unknown animals

< Canonical Fiot
-

e Pairwise Discriminant Analysis between trails

* Reference Centroid Value (RCV)

* 93% Pairwise Classification Accuracy (preliminary, N=24 otters)
* See Alibhai et al. (2008) for details
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Models



http://www.int-res.com/articles/esr2008/4/n004p205.pdf
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Dendrogram
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Male Lorenzo B

Male Lorenzo A

Male Lorenzo D

Male Lorenzo C o

| =/ Hierarchical Clustering

Datum distance: 2,165
Ward distance: 1,743
7 Otters Predicted

A

Chance of 7 Otter(s) = 100%

6 Otters Predicted

r '-\\.
JK L
Chance of 6 Otter(s) = 39.4%
8 Otters Predicted
6%

Chance of 8 Otter(s) = 69,

e Hierarchical Cluster Models to assign trails to clusters
* Probabilistic prediction of number of otters

e See Lietal. (2018) for details

Image
database

Geometric
Profiles



https://wildtrack.org/wp-content/uploads/2017/12/Panda-paper-BC.pdf
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| Known animals

| Unknown animals >

Gvantages of FIT based on biometrics \

* Non-invasive, standardised and cost-effective

* Can be implemented for many species

e Can be combined with other non-invasive methods
* Crossvalidated models with high accuracy

Challenges of the current approach

* For some species/areas hard to find (enough) footprints
of decent quality

e Generating geometric profiles is time-consuming and
a potential source for operator bias

* Impact of different substrates not yet fully understood J

< estimation |
< |
< validation >

Image
database

Geometric
Profiles

FIT
Models
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. The Future of FIT
using Artificial
Intelligence

1z 0Z &1

¥ -

..

}

~
~
~N
=
~
e
~
w
~
o
~N
-~
~
L

t
i
:‘
{
-
}
|

02.03.2021



https://wildtrack.azurewebsites.net/model
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/Deep Learning approach:

Convolutional neural networks (CNNs) with transfer learning
Multispecies models (under development)

Implementation in an App for an automated instant output
(under development)

Image
database

Geometric
Profiles

FIT
Models



Images Uploaded

Species Modeled

Species Classification Individual Identification
9031 13

80 % accuracy
51 Contributors 4874 Training Images
59 Species

O,
67% accuracy
Evaluated on 402 images
Average Image Quality: 4.22/5 Average Image Quality: 4.65/5
Details Details Details

Evaluated on 1876 images
Covers 210 Individual Animals

Details

|5|l|l|'|'||n||'|“l|'|||-|.
Seetatyy CONSERVATION

|||||.|I‘|'
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If you see footprints on a hike, or as

work, you can join us!

Ill. How can this be implemented in your research?
How can you contribute to improve the Al development?

frederick.kistner @kit.edu
* Collect footprints from captive and wild animals wildtrack.org
* Upload images onto our database info@wildtrack.ore

* Contact us for guidance and cooperation requests

20
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