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Recurrent Convolutional Neural Networks(RCNN)

[Donahue et al.,2015]

&

Long short-term memory (LSTM)
[Hochreiter et al.1997]
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Bi-directional LSTM

[Graves et al.,2005]
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Bidirectional LSTM

"R
< O
U v
"% "

>CNNTCEIE D 7 L—.L % I8
' »Bi-LSTMCE{&IS U E D
BERT—4 208
> U—LEICY SRAEEZHA
T >ZHR%E L > THERE

2) P(T)

7

P(1) P

~~

ERZD I AERTESHIR

o ik 2

&
i




VINYFH AL X 1
vEBEI{E7ZILT) XL Adam

[Kingma
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et al.,2015]
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Sustainability Products & Services Careers

Cainthus uses breakthrough predictive imaging to monitor the health and
wellbeing of livestock. Their proprietary software uses images to identify
individual animals based on hide patterns and facial recognition, and tracks
key data such as food and water intake, heat detection and behavior patterns.
The software then delivers analytics that drive on-farm decisions that can

impact milk production, reproduction management and overall animal health.

“We are enthused about what this partnership will mean for farmers across the
world,” said David Hunt, president and co-founder, Cainthus. “Cargill is a
natural partner for us, given their focus on bringing a world-class digital
capability to the market and their understanding of how technology will truly help farmers succeed. We think this partnership

will be a game changer for farmers because it will allow them to efficiently scale their business.”

KCargill + ZCainthus
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['Studying Captive Animals: A Workbook of

Methods in Behaviour, Welfare and
Ecologyl (2015), Rees, Wiley-Blackwell

Lahiri, et al. (2011) Biometric animal databases from field
photographs identification of individual zebra in the wild

) Original (b) 10-row averaged

1\\‘&?‘?#"‘

) Median threshold by row

|

«’/\
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a) Regular photo b) Overlapping animals (¢) Occlusion, shadows d) Skew, species variation
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Figure 1. Identification of an African Penguin by its Chest Pattern:
Screenshot of Software Prototype; African penguins carry a unique
pattern of black spots on their chest. The detection of the chest
location and the decomposilion of the spol pattern allow checking a
photographed individual (here penguin ‘David’ from Bristol Zoo)
against a population database. (figure source [18], [19])

<l B Wy el
TP BN IM’SI ' : <
Figure 17. Result Images with Outlined Chests of Penguins:

Screenshots of outlined penguin chests in video clips. (figure source
L18], [19])

Burghardt et al. 2004, Fifth International Penguin Conference, Ushuaia, Tierra del Fuego, Argentina,
Automated Visual Recognition of Individual African Penguins
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Representative photograph of a bat’s left wing. Section 1: triangular —shaped section (dashed line) of the plagiopatagium
bordered by the radius and ulna, extending the length of the 5th metacarpal and associated phalanges. Section 2:
dactylopatagium between digits 4 and 5. Section 3: dactylopatagium between digits 3 and 4. Section 4: plagiopatagium
along humerus, extending along the body and along the trailing edge to the distal 5th phalanx.

Amelon et al. (2017). Journal of Mammalogy, 98 (3): 744
Bat wing biometrics: using collagen-elastin bundles in bat wings as a unique individual identifier.
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Kittle et al. 2017, Tropical Ecology 58(1):71-86

The ecology and behaviour of a protected area Sri Lankan leopard (Panthera pardus kotiya)

population
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Face & Facial Preprocessing Face |dentification
Feature Detection

- Multiple stages - Alignment - Global and local features
- Real-AdaBoost - Lighting Normalization - Decision fusion of SVM & SRC

Trained Model

- Local Model
- Glebal Model

Loos & Ernst (2013) EURASIP Journal on Image and Video Processing :49
An automated chimpanzee identification system using face detection and recognition
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Figure 4 Local feature extraction. The positions of the applied
SURF descriptor for local feature extraction. Three out of six positions
for local feature extraction are located under and between both eyes:
the remaining three interest points are situated on the nose tip and
both nostrils. The mouth region is not used for feature extraction
because we especially noticed that this region is often subject to
occlusion and facial expressions.

lWeighted
Rank Sum
v

Global and
Local Rankings
with Scores =1
Final Fused
Ranking

e

Figure 5 Proposed parallel fusion scheme. This figure shows the parallel fusion scheme to combine the results of global Gabor features and local
SURF descriptors. Both global and local features are first projected into a smaller dimensional subspace using LPP. Note that we transform each
SURF feature separately into the feature space before concatenating the resulting vectors to a comprehensive local feature vector. The global
feature is classified using SRC while the local feature vector is dassified by SVM with RBF kernel. The ranked results are then combined using the
decision fusion rank sum method explained in Section 3.3.4 to obtain the final result.

Loos & Ernst (2013) EURASIP Journal on Image and Video Processing :49
An automated chimpanzee identification system using face detection and recognition
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Matching process

Once a researcher is happy with all the data accompanying the
identification photo, they will look for a photo match, sometimes
using a computer vision algorithm. The algorithm is like facial
recognition software for animal paterns.
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MULTI-SCALE REGION OPEN CONTOUR  CONTOUR RANKING
DATASET SEGMENTATION CONSTRUCTION  AND FIN DETECTION

\

SPECIES-SPECIFIC  MATCH PATTERN INSTANCE FEATURES TO COMBINATORIAL BIOMETRIC CONTOUR
MATCH INTERPRETATION  MAP TO FIN SPACE POPULATION MATCHING FEATURE EXTRACTION REFINEMENT

4

Fig. 1 System overview: We perform a coarse and a fine-grained tion and opponentSIFT features. This forms the basis for computing
recognition task. The first is to simultaneously segment and detect individually distinctive contour features, which are embedded into a
shark fins, and the second is to recognise individuals. We begin by seg- species-specific ‘fin space’. Shark identities are finally recovered by a
menting an image into an ultrametric contour map, before partitioning non-linear, population-trained identification model that operates on this
boundaries inlo sels of open contours. We then train a random forest space

to rank contours and detect fin candidates based on normal informa

Hughes&Burghardt (2017), Int J Comput Vis., 122: 542-557
Automated Visual Fin Identification of Individual Great White Sharks
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HRATOHFA (Hughes&Burghardt 2017)
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CONTOUR MAP

MULTISCALE
REGION POOL

RANDOM
FOREST FIN
CLASSIFIER

STROKE SHAPE & CONTOUﬁ STROKE
OPPONENT-SIFT POOL
REGION FEATURES

Fig. 3 Fin detection model: partitioning the (closed) 2D region struc-
tures from across all levels of the ultrametric contour map via
DoG-generated keypoints (rightmost visualisation) yields a pool of
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(open) conlour strokes, whose normal-encoded shape and nearby oppo-

nentSIFT descriptors feed into a random forest regressor to detect fin
objects

Hughes&Burghardt (2017), Int J Comput Vis., 122: 542-557
Automated Visual Fin Identification of Individual Great White Sharks
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-7 -

Fig. 10 LNBNN individual identification examples: leff images are right. All example matches are obtained using multiscale DoGy descrip-
queries and right ones are predicted individuals. Coloured lines indi- tors combined using the LNBNN classifier. Out of respect for their
cate start and end of the ten sections contributing most evidence for the privacy, the human subject appearing in row 3, column 2, was masked
malched individual. For illustration of false malches, bolfom three rows, out of the image prior lo publication, bul only aller fin detection and
left pairs, show misidentifications while correct matches are shown photo-identification results had been obtained

Hughes&Burghardt (2017), Int J Comput Vis., 122: 542-557
Automated Visual Fin Identification of Individual Great White Sharks
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(i) Imaging

-
T e o g =

*

Tempord

resoution

——

Data saved as digital
image sequences with
defined spatial (pixel)
and temporal (FPS)
resolutions.

(ii) Tracking

Tracking software uses
computer vision algorithms
to isolate individuals
(foreground) from the
surrounding landscape
(background), using
methods such as
background
subtraction (see

Box 3)

~EL

Positions and r s
orientations =
of individuals are |
then integrated
across image sequences
to form trajectories through time

Automated image-based tracking and its application in ecology
Dell et al. (2014) Trends in Ecology & Evolution, 29(7)

(iii) Analysis

Analysis of trajectories
quantifies individual
(e.g., body velocity, £
turning rates, search
strategy) and inter-
individual (e.g., attack
distance) traits.

'lnl"l: — _—
L T —

Motk C— =
' f— —

Potagrrg | o

'mnn,i__ [ —
Pradator Peey | 1) Prey (2] Pewy |30

n W0 & w0
_Nody velocky [mm ]/ 3

Further analysis, which can be
automated if behaviors are
stereotyped, can condense
these high-dimensional
quantities into behavioral
categories,

TRENDS in Ecology & Evolution
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1 2 3 4
Individuals

TRENDS in Ecology & Evolution

Automated image-based tracking and its application in ecology
Dell et al. (2014) Trends in Ecology & Evolution, 29(7)




AV Ea—RZ L HBRENS DITENET
Dell ef al. (2014)D#EREKY

z

Left side

N w i~

Frequency (log)

Predator
‘ 4 A abundance
10 20 30 p d ||

Body velocity (mmy/s) by f 9 X % A Right side Low High

o
Q

—_
m
—

o
o

cm

404

N
o
"

a

Sharp turn

o
1

(F)
watk | 1| T | |
stop | | M 0 DRIV i .

sapturn | || | || |l || LTI 0 (0 TN
Active Crabwall | i 1 t
capture Ditackion 1 | ‘ .

Attack I . , Chasm
Sit-and-wait 1 Y ‘ ' a

o w
o o
i

»
o
RrIAY)

N
o
2s

Escape |

Distance moved (m) 5

o

A A
0 40 60 Wing Circling & wing
20 40 60
Time (min}) Time (min) extension extension

<

TRENDS in Ecology & Evolution

Automated image-based tracking and its application in ecology
Dell et al. (2014) Trends in Ecology & Evolution, 29(7)
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Automated image-based tracking and its application in ecology
Dell et al. (2014) Trends in Ecology & Evolution, 29(7)
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vanDam et al. (2013), Journal of Neuroscience Methods 218 : 214-224

Fig. 1. PhenoTyper® 4500 cage (PT4500).

Fig. 2. Different setups used for testing. See Table 1 for description.

vanDam et al. (2013), Journal of Neuroscience Methods 218 : 214-224
An automated system for the recognition of various specific rat behaviours



TEIfRHT S R T LODF EthoVision XT(Noldus) (4)
vanDam et al. (2013), Journal of Neuroscience Methods 218 : 214-224

Table 4
Ethogram of the automated behaviour recognition system (ABR), used for single housed rats in home-cage or open field.

behaviour Event type Description

Drink State Drinking from the drink nipple

Eat State Eat at feeder or from floor or eating while holding food in front paws

Groom State Grooming snout, head, fur or genitals. Includes scratch and licking of paws during a grooming session

Jump State Fast displacement, taking off with both hind legs at the same time

Rear unsupported State Standing on hind legs unsupported. Rearing events include the rise and descend.

Rear wall State Standing on hind legs with front paws leaning against the wall. Rearing events include the rise and descend.

Rest State Resting without hardly moving, either sit or lying down. Includes sleeping. No interest in environment

Sniff State Slight movements of the head in order to gather information about the environment, possibly with slight, discontinuous
displacement. The category includes: sniff air, wall, floor and other objects.

Twitch Point Sudden and short movement of the body or head. Includes body shake, head shake.

Walk State The rat moves to another place. Hind legs must move as well.

Other State Any behaviour other than described above

vanDam et al. (2013), Journal of Neuroscience Methods 218 : 214-224
An automated system for the recognition of various specific rat behaviours
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vanDam et al. (2013), Journal of Neuroscience Methods 218 : 214-224

Table 5

Merged ethogram. The behavioural categories were merged for analysis. Categories
of the human ethogram ‘root/dig’ and ‘gnaw/nibble’ were ambiguous for the ABR
ethogram but have been merged into the ‘explore’ category.

Human ABR Merged
Drink Drink Drink
Eat Eat Eat
Groom Groom Groom
Scratch

Hop/jump Jump Jump

Jerk Twitch Twitch
Shake

Rear supported Rear wall Rear
Rear unsupported Rear unsupported

Resting (lie and sit) Rest Rest

Attention Sniff Explore
Sniffing air

Sniffing other

Root/dig

Gnaw/nibble

Walk/forward move walk
Mobile exploration

Other Other (including dig
Stretch and gnaw)
Stretched attend

Undefined transition

Yawn vanDam et al. (2013), Journal of Neuroscience
scan Methods 218 : 214-224

Freeze

Circling/chase tail An automated system for the recognition of
Head-exploration various specific rat behaviours




TEHRT AT LD EthoVision XT(Noldus) (6)
vanDam et al. (2013), Journal of Neuroscience Methods 218 : 214-224

Event log videol

truth
generated

other

rear—unsup -

rear-wall |-

Frames

Fig. 3. Ground truth and generated annotation over time for test video 1. Ground truth and generated annotation over time for test Video 1. 71% of the target frames (all
frames except ‘other’) is correctly labeled by ABR. The main confusions are ‘sniff’ as ‘eat’, ‘'sniff’ as ‘walk’, ‘eat’ as ‘sniff, ‘sniff’ as ‘rear-unsupported’, accounting for 26%, 20%,
9% and 7% of the mistakes, respectively.

vanDam et al. (2013), Journal of Neuroscience Methods 218 : 214-224
An automated system for the recognition of various specific rat behaviours
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Toward a Science of Computational Ethology
Anderson & Perona (2014) Neuron, 84(1), 18-31.
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Methods in Behaviour, Welfare and
EcologyJ (2015), Rees, Wiley-Blackwell Fig, 6.22

connect pairs of stags such thar they point to the losers of fighung conrests, Stag J beats scags
\ and D, but loses o stags P, K and G, (See Section 6.7.1 for explination.)

How to calculare an index of fighting success. The focal animal is stag J. Arrows
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Automated image-based tracking and its application in ecology
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