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ABSTRACT

Although classic methods (such as ear tagging, marking, etc.) are generally used for
animal identification and recognition, biometric methods have gained popularity in
recent years due to the advantages they offer. Systems utilizing biometric markers have
been developed for various purposes in animal management, including more effective
and accurate tracking of animals, vaccination, disease management, and prevention
of theft and fraud. Animals’ irises, retinas, faces, muzzle, and body patterns contain
unique biometric markers. The use of these markers in computer vision approaches
for animal identification and tracking systems has become a highly effective and
promising research area in recent years. This review aims to provide a general overview
of the latest developments in image processing approaches for animal identification and
recognition applications. In this review, we examined in detail all relevant studies we
could access from different electronic databases for each biometric method. Afterward,
the opportunities and challenges of classical and biometric methods were compared. We
anticipate that this study, which conducts a literature review on animal identification
and recognition based on computer vision approaches, will shed light on future research
towards developing automated systems with biometric methods.
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INTRODUCTION

The worldwide purpose of animal identification is to
identify and register animals, ensure effective control of
animal diseases and movements, maintain records related
to livestock support, health, breeding, and statistics.
Tracking, monitoring, and individually identifying farm
animals hold significant socio-economic importance.
Additionally, the increasing consumer demands for
food safety have underscored the necessity of secure
traceability systems for the origin and production stages
of animals and animal products 2. Many international
organizations, such as the World Health Organization
(WHO) and Food Safety Authorities, actively support the
development of identification and traceability systems,
recognizing their importance in ensuring food safety and
animal health.

Permanent and reliable identification is the primary goal
of animal tracking systems. Traditional identification
methods (fleece marks, tattoos, ear notches, plastic or metal

ear tags) are inconvenient for sheep-goat-type animals and
increase cost, especially in large herds ©\. The reasons for
the ineffectiveness of these methods are; losses, deletion,
short reading distances, reading errors, adversely affecting
the welfare of animals, and being vulnerable to cheating ™.
For this reason, the necessity of reliable methods that
can be an alternative to classical identification methods
emerges. With epidemics, it was understood that animal
identification methods were insufficient in monitoring
animals, and new traceability tools were needed . Thus,
the process of utilizing biometric technologies as well
as electronic identification systems in the traceability of
animals and animal products has begun.

The World Organization for Animal Health (WOAH)
attaches great importance to the individual identification
and tracking of animals, especially farm animals. In
addition, consumers all over the world want to have
information about the source and production stages of
the products they consume, worrying about animal health
and the safety of animal products . The transmission
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of some diseases such as mad cow, anthrax, alum,
tuberculosis, brucellosis, and rinderpest to humans by
crossing the species barrier in animals brings animal food
safety to the fore. From the point of view of the country’s
economy, the identification and tracking of animals are
of great importance. As a matter of fact, in the first mad
cow case in England in 1996, meat consumption fell by
40%, resulting in serious economic losses. Beef and beef
exports were stopped in 53 countries in 2003 due to
the mad cow case in a single cow. This situation caused
an economic loss of 3.2-4.7 billion dollars . With an
effective animal identification and tracking system, the
disease outbreak can be tracked, slowed, and isolated
quickly . For these reasons, monitoring livestock has
developed rapidly all over the world and continues to
evolve. Major exporters such as Australia and Canada
have mandatory cattle identification systems. South Korea
introduced a comprehensive beef monitoring system in
December 2008. In the US, a total expenditure cost of
$75.87 million was incurred in 2009 for the identification
of cattle alone 1. In our country (Tiirkiye), the Ministry of
Food, Agriculture, and Livestock started the tagging and
registration procedures for bovine animals in 2002.

Animal welfare is an extremely important issue, and
some regulations have been made in developed countries,
especially in the European Union (EU) countries, with
laws and regulations to raise animal welfare standards
in animal production and to make animals happier ..
Animal welfare positively affects the quantity and quality
of products obtained from animals. Ear tag application is
one of the most used identification methods in our country
and all over the world. Ear tagging can not only cause
pain and stress in animals but also cause tissue reactions
and infections. While ear wounds lead to earring loss,
re-identification of the animal will cause pain once again
and cause an extra cost. In addition, it is known that pain
and stress negatively affect hereditary characteristics such
as growth rate, resistance to diseases, milk production,
and reproductive ability in farm animals . Also, the ear
tag can be easily copied or removed and discarded after
the animal is stolen. In this case, there is nothing to be
done. Because with other systems other than biometric
systems, device tracking is done, not animal tracking.
Biometric methods have become one of the popular topics
of recent times, as they do not have the above-mentioned
disadvantages of classical methods .

The use of artificial intelligence methods in animal
husbandry is becoming increasingly widespread day by
day 25 In parallel with this, in recent years, the topic
of animal identification and automatic animal recognition
through computer vision approaches has also gained
popularity ¢ With this system, a database is created from
images obtained from animal biometrics. In almost all

scientific researches, biometric data collected from animals
are not publicly published for researchers to use. To our
knowledge, there are several publicly accessible databases
that can be used for animal identification and recognition.
These databases consist of bovine iris images 7], cattle
body patterns ¥, and cattle muzzle images "\ Several
biometric features are extracted from the biometric data
taken from each living thing, and individual identification
and recognition are performed based on this feature set.

The iris patterns, retinal vascular patterns, face, muzzle,
and animal body pattern biometric data of animals are
analogous to human fingerprints and contain unique
biometric features for every living thing. Thanks to these
biometric markers, identification, and recognition in
animals are successfully performed with the computer
vision approach.

This review aims to examine in detail the recognition and
identification studies with the computer vision approach
and biometric methods in the field of animal husbandry
and draw a roadmap for researchers who will work in this
field. In addition, the comparative analysis of classical
identification methods and biometric identification
methods is among the objectives of the study. Considering
the contribution of agriculture and animal husbandry to
the national economy, the importance of this study can
be understood more clearly. In this sense, the importance
of this review, which will shed light on the studies to
be carried out in the field of agriculture and animal
husbandry, becomes more evident.

ANIMAL IDENTIFICATION AND
RECOGNITION METHODS

Classical identification methods leave their place for
modern methods due to disadvantages such as animal
welfare, losses, deformations, and fraud ?°. Since biometric
methods are modern methods and cannot be copied,
frauds can be prevented, and there is no such thing as
loss or deformation as long as the animal lives. With
biometric methods, the animals are not stressed, and
animal welfare is protected as an important advantage.
Animal welfare is at the center of all these. Animal welfare
is a concept related to meeting the needs of the animal
in its natural life. In animal breeding, natural lifestyles,
shelter conditions suitable for their unique behaviors,
feeding the animal without disturbing its physiological,
biological, and psychological integrity, and carrying out
production activities in a way that does not impair the
health of the animal and not restrict its movements are
the basic elements of animal welfare !1.

Animal identification systems have been an essential
component used in traceability for centuries and are
divided into four categories: permanent, temporary,
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Fig 1. Classical and trend methods in animal identification

electrical, and biometric 2°. These identification methods
are presented in Fig. 1.

In recent years, identification methods using biometric
markers in animals are called trend identification
methods. Retinal vessel patterns in animals, muzzle
prints, iris, face, and patterns in various parts of their
body are biometric markers. Biometric markers are a good
alternative to classical methods as they are unique, cannot
be changed by others, do not require additional costs, and
most importantly do not adversely affect animal welfare.
Opportunities and challenges of these classical and trend
methods used for identification are presented in Table 1.

Traditional methodsare still used foridentification in many
countries. As seen in Table 1, traditional identification
methods have several disadvantages. RFID microchip
technology, one of the trending methods, has been widely
employed in recent years, especially in pet identification.
However, this method also has a series of disadvantages
similar to traditional identification methods. For instance,
microchip implantation requires a medical procedure,
must be administered by a specialist, carries a risk of

infection, microchips can migrate within the body, they
can malfunction, and can only be read with specialized
scanners. While RFID is considered a trending approach,
it structurally differs from other trending identification
methods, such as biometric-based identification, as shown
in Table 1. As observed, biometric-based identification
methods offer numerous advantages, making them a
popular research topic in recent years 221,

BIOMETRIC METHODS IN ANIMAL
IDENTIFICATION A RECOGNITION

Biometrics is an automated system that measures an
individual’s physical or behavioral uniqueness and performs
identification by comparing it to existing records.
Biometric identification methods do not cause pain and
do not change the appearance of the animal. Biometric
features are unique, non-replicable, reusable, measurable,
robust, and have distinctive physical features. There is no
confusion in biometric systems compared to traditional
methods .

Biometric identifiers include retinal vascular patterns,
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Fig 2. Flow diagram of the image processing for animal identification
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Table 1. Opportunities and challenges of identification methods

Parameters Method Opportunities Challenges
® wide range of applications e painful
e can store information (i.e., owner, the ® costly
RFID farm, diseases, and the animal>s vaccination | ® needs a professional person
status) o Jow reliability
e integrated with mobile computing e minimum recognition rate
e easily managed remotely ® object tracking, not animal
® non-painful
o time-immutable
e applied across a wide variety of animals L
Retinal Vascular ® Jess prone to error and fraud ° Pﬁoaéi?n%tlmﬁ . inal i d
Pattern o useful in monitoring and tracking ;.t ¢ difficulty of capturing a retinal image due to eye
L . iseases
e injury to the cornea does not interfere
with the retina image
o considerable identification accuracy
® non-painful
® time-immutable . .
Trend Identification Muzzle Print ® Jess prone to error and fraud : ;ag:[urll?g accurate Images
Methods e cannot be forged or altered Hhcult image processing
o useful in monitoring and tracking
® non-painful
® time-immutable o capturi tei
Face ® less prone to error and fraud capturing accurate Images

o cannot be forged or altered
o useful in monitoring and tracking

® pose, expression, illumination, aging, and disguise

Iris Pattern

® non-painful

® less prone to error and fraud

® cannot be forged or altered

o useful in monitoring and tracking

e time-mutable iris texture (with age, disease, and
medication)

o difficult to capture iris images (blurred images and
images occluded by eyelids or eyelashes)

Body Pattern

® non-painful

® time-immutable

® less prone to error and fraud

o cannot be forged or altered

o useful in monitoring and tracking

@ applicable to animals with the pattern
® capturing accurate images

Traditional Identification
Methods

Ear notching

® Permanent

o relatively quick and simple
o highly visible

® Jow cost

e painful

e laborious operation /An exhausting

® time-consuming

e limited scalability (not suitable for large-sized farms)
e unbounded cost

o susceptible to theft, fraud, and duplication

e not useful in monitoring and tracking

Ear tattooing

® Jess painful

® permanent

® Jow cost

® equipment portable

o limited scalability

® time-consuming

® laborious operation

o time-mutable

o less useful dark animals

o susceptible to theft, fraud, and duplication
® not useful in monitoring and tracking

Hot iron branding

® casy and simple

e painful

e manually identified

e time-mutable

o susceptible to theft, fraud, and duplication
e not useful in monitoring and tracking

e causes inflammation

Freeze branding

o faster application time

® painful

© manually identified

o susceptible to theft, fraud, and duplication
® not useful in monitoring and tracking

Ear tagging

® Jow cost

® most widely used

o relatively atraumatic

® quick and easy to perform

e painful

e time-mutable

e susceptible to damages, duplications, losses,
unreadability, and fraud

e do not perform well as a long-term identification
® can cause infection

e unbounded cost (tags can fall out)

e not useful in monitoring and tracking
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muzzle print images, face images, animal body patterns,
and iris patterns. Thanks to image processing techniques,
animal identification is successfully carried out with
these biometric identifiers. Fig. 2. illustrates the image
processing steps commonly employed in past and present
studies of animal identification.

The image processing steps provided in the flowchart
may vary depending on the requirements of the specific
study; therefore, additional steps can be added to these
procedures, or certain steps may not be implemented.

Thisarticle reviews the evolution of animal recognition and
tracking from traditional methods to animal biometrics. It
also reports on traditional and trend animal identification
methods, their advantages, and their disadvantages.
Also, this article explains the use of biometric identifiers
to recognize, identify and trace animals effectively. This
review presents the latest research findings in animal
biometrics with a strong focus on biometric descriptors
such as muzzle prints, animal body patterns, iris patterns,
and retinal vascular patterns. A discussion of the current
challenges in biometric-based identification systems is
included in the results that may guide future research
directions. In the following titles, the types of biometric
methods and the studies carried out in these fields are
examined separately.

Recognition and Identification Based on Retinal
Vascular Pattern

The retinal vascular pattern at the back of the eye is used as

a biometric marker in humans and animals. Although this
biometric descriptor has been extensively studied in the
literature for humans, limited studies have been conducted
on animals. Due to the static nature of retinal vasculature
throughout the animals’ lifespan, retinal imaging remains
impervious to alterations. In stark contrast, items like
ear tags are susceptible to replacement, removal, or
misplacement ?Y. The animal retina has similar features
to the human retina, and it is known that it is a biometric
feature that does not change throughout its life 2°..

Image processing techniques are increasingly being
utilized in the analysis of retinal vascular patterns in
animals within the field. However, it is evident from the
current literature that such studies are limited in number.
In these studies, identification is typically carried out
using vascular patterns in the retinas of animals such as
lambs/sheep, cattle, dogs and goats. Nevertheless, in most
of these studies, embedded software-based devices are
preferred over image processing methods. These devices
provide a matching score that determines whether the
data is present in the database when brought close to
the animal’s eye. However, this approach has several
disadvantages. Firstly, the processing capabilities of these
software devices are limited and cannot perform complex
image processing tasks. Additionally, updating and
customizing such software is often challenging and costly.
The use of image processing techniques may offer greater
flexibility and customization possibilities and has the
potential to cover a broader animal population. Details
of studies conducted based on retinal vascular patterns in

Table 2. Overview of studies based on retinal vascular patterns

. #Animal Comparison
Year Country Animal vz Method(s) Best Method Metric(s) Accuracy Ref.
Technology Driven Technology Driven Multivariate Age 5 26]
U e 18/18 | products GNU Gimp Products GNU Gimp ANOVA 94.00+6.00%
2008 North Ireland Cattle | 869/1738 | Optibrand Software Optibrand Software Optlbr.and . 98.30% @)
Matching Engine
2008 Ireland ke 64/128 Statlstl.cal Methods, Image Statlstl.cal Methods, Image | ROC, Matching 93.10% (28]
Matching Matching Score
Age: 1 week
Regression-based Random | Regression-based . 86.00% 025]
2008 Ireland Lamb 19/38 Effect Random Effect Matching Score Age: 8 weeks
96.00%
. . . Age<296.16% |
2011 Ireland Sheep | 160/320 | Optibrand Software Optibrand Software Matching Score Age>2 96.89%
2012 SB;;icrelbna’ Lamb | 143/2534 | CATMOD ML CATMOD ML Accuracy 94.80+0.60% 0
Right eyes 75.46%
78.93%
s Matching Scores, Pearson | Matching Scores, Pearson . 79.97% 31]
2019 Tirkiye Sheep 607360 Correlation Coefficient Correlation Coefficient Matching Score Left eyes 89.28%
89.10%
89.74%
Template Matching, Template Matching,
2021 }’XZ?;Bengal’ Goat | 12/200 |Hamming Distance, Hamming Distance, I‘l}rcec(::;?(fr}: Recall 99.00% B2
CLAHE CLAHEv
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Table 3. Overview of studies based on muzzle print
. #Animal Best . .
Year Country Animal T Method(s) Method Comparison Metric(s) | Accuracy | Ref.
SIFT, BRISK, ORB
_ ’ > > ; 9 135]
2023 Cattle 20/600 KAZE, AKAZE KAZE Matching score 76.18%
Shi-Tomasi
. Shi-Tomasi, SURE, ; Accuracy, TPR, FPR, o 361
2022 India Cattle 186/930 SIFT, MLP, DT, RF SURE, SIFT AUC 83.35%
+RF
2022 USA Cattle 268/4923 | > deep learning VGG Accuracy, Processing 98.70% (15
models speed, CL
2021 - Dog 302/2561 | DNNet DNNet ROC, FAR 98.99% 1371
2021 Nigeria Cow 400/4000 | CNN, DBN DBN Accuracy 98.99% (&)
2020 Nigeria Cow 400/4000 | CNN, SDAE, DBN DBN Accuracy 98.99% B3]
2020 - Arabian horse 50/300 SVM, SVM-GWO SVM-GWO | Accuracy 99.60% 1ol
2020 Korea Dog 11/1045 E)IIIZ]I; SURE, BRISK, ORB EER 65.00% (75
. 93.05%
2020 Indonesia Cattle 60/460 SIFT- RANSAC SIFT- RANSAC | Accuracy 142]
2018 India Cattle 500/5000 | SDAE, CNN, DBN DBN Accuracy 98.99% [EE]
Accuracy,
2016 - Cattle 31/217 AdaBoost, AdaBoost | Sensitivity, Specificity, 99.50% 144]
k-NN, Fk-NN
AUC, Error
2015 - Cattle 52/1040 | MSVMs MSVMs | Accuracy 96.20% (15
2014 - Cattle 31/217 | NN, NB, SVM, k-NN SVM Accuracy 99.50% | U9l
2013 Indonesia Cattle 48/1440 | SIFT SIFT EER 99.70% [EEY

the literature are presented in Table 2.

The implementation of identification from retinal images
has some challenges. For instance, the devices used to
obtain retinal images are costly. Obtaining retinal images
from animals can be challenging, and external conditions
(such as lighting, flash, etc.) can affect the quality of retinal
images. Additionally, since obtaining retinal images
requires close contact, it can be dangerous to capture
images from predatory animals.

Recognition and Identification Based on Muzzle Print

Muzzle prints in animals contain some distinctive features
similar to fingerprints in humans. These features are
unique to the living thing, do not change over time, and
cannot be changed. The use of the muzzle mark as a
recognition tool dates back to 1921 . The first image-
processing studies were made from the prints of the
ink applied to the animal’s muzzle and taken on paper.
Although the accuracy of this identification method has
been proven, it has been accepted as a disadvantage that
the printing process takes time, and the ink print images
are not of sufficient quality to be used in the computer
environment *4,

Collecting muzzle print images has been a subject of

extensive research in this field due to its relative ease
compared to other biometric features, and ongoing efforts
are being made in this regard. In the literature, machine
learning methods are commonly employed in studies in
this field, and in recent years, identity verification and
recognition using deep learning techniques have gained
momentum. When examining studies based on muzzle
prints, it is generally observed that muzzle prints from
various animals such as dogs, cows, horses, and cattle
are utilized. Information pertaining to these studies is
presented in Table 3.

The uniqueness of each animal’s muzzle print, as with
other biometric identifiers, is advantageous, making
muzzle prints a viable authentication tool. Furthermore,
the ease and low cost of collecting muzzle print data from
animals in a manner that minimizes stress is considered an
advantage. However, in implementation, environmental
factors such as dirt, humidity, or lighting conditions may
affect the quality of muzzle prints, and collecting muzzle
prints from certain animals, especially larger and more
dangerous species, can be challenging. Additionally,
disparities may arise when comparing muzzle print
images acquired using different camera types or under
different conditions.
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Table 4. Overview of face image-based image processing studies
. #Animal Best . q
Year Country Animal i Method(s) Method Comparison Metric(s) Accuracy Ref.
99.50%
. _ isi b 4]
2023 Horse /1103 YOLOv7 YOLOv7 Precision 99.70%
) ResNet50V2- | Average Precision, o 501
2022 Sheep 81/5265 CNNs ArcFace Recall, F1-Score 97.00%
GGFace, AlexNet, 0
2022 China Sheep 67/6526 ResNet50, YOLOV3, OO mAP Ak, 151]
CBAM-TL 90.61%
YOLOv4
Precision, Recall,
F1-score, Support, 94.00%
2021 - Sheep 420/1680 Resnet50, VGG16 VGG16 Accuracy, Macro s2]
Average, Weighted
average
2020 Brazil Cattle 5127849 | DenseNet ResNet3(, DenseNet | Frecision, Recall, Fl- 99.85% |
InceptionResnetV2 score, Accuracy
2020 China Pig 30/1800 CNN CNN Accuracy 83.00% (e
CNN, Cosine
- > > 9 [48]
2019 Sheep 52/52000 AlexNet CNN Accuracy 98.00%
2019 | West Africa| Chimpanzee 23/10 million | CNN CNN Accuracy 92.50% (s3]
2019 Tiirkiye Cattle 5/1579 Faster R-CNN Faster R-CNN | Accuracy 98.44% =
SVM, FLPP, PCA,
. 5 > > X 0 [57]
2018 Dog 500/5000 LDA, ICA, LBP, SURF SVM-FLPP Accuracy 96.87%
CNN, Fisher face
i > > 9, [58]
2018 Scotland Pig 10/1553 VGG-Face + SVM CNN Accuracy 96.70%
2015 Varanasi Cattle 120/1200 EICSZII} oD, O IOEE SURF- LBP | Accuracy 92.50% (2]
2007 - Sheep 50/200 Cosine distance Cosine distance | Accuracy 96.00% Ll

Recognition and Identification Based on Face Images

Another biometric-based method using image processing
technology is animal face recognition. Like the face
recognition system in humans, animal recognition and
identification can be performed using facial images of
animals. Animal facial biometrics includes important
features that can be used in recognition, such as eyes,
muscles, mouth, and many hidden features 47,

In the literature, it has been seen those different types
of animals, such as cattle, horses, pigs, sheep, dogs, and
non-human primates, can be successfully recognized
and identified from facial images. Various summary
information about the identification, classification,
and recognition studies based on facial biometrics are
presented in Table 4.

Identification from facial images also has some practical
challenges. Animals can often be restless, and ensuring
they stay still to capture facial images can be difficult.
External conditions can affect the quality of facial
images. Particularly, lighting conditions can influence
image quality. The facial structures of some animals can
complicate the recognition process. Obtaining facial

images may require close contact with animals, which can
be dangerous in some cases. Differences between facial
images obtained with different camera types or under
different conditions can impact recognition accuracy.

Recognition and Identification Based on Animal Body
Pattern

Some animals exhibit patterns or spots on their bodies,
representing a biometric approach utilized in animal
identification or recognition studies. Research based on
such patterns has a limited overall impact in the literature
when compared to more common biometric features like
facial recognition or retinal scans. This limitation stems
from several key factors, including the limited population
of animals with these patterns, the highly individualistic
nature of these patterns, and the restricted scope of
applications. For example, in the literature, studies have
been conducted on identification using patterns on the
bodies of cattle and cows, speckle patterns on the skin of
Atlantic salmon, patterns on the shells of sea turtles, black
stripes on the body of Sumatra barbs, and feather patterns
of Saimaa Ringed Seals. Detailed information on these
studies is provided in Table 5.
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Table 5. Overview of pattern-based image processing studies
. #Animal Best . .
Year Country Animal j e Method(s) Method Comparison Metric(s) Accuracy Ref.
2022 Us Cattle 268/4923 >9 DL VGGl6 BN | Accuracy 98.70% b
models CI
Precision, Recall, -
2022 = Cattle 48/12000 SVM SVM .. 98.67% (60l
Average precision, F1-score
2021 - Cattle 46/4736 CNN CNN Accuracy 93.80% (s1]
2021 Cattle 18/10402 CNN, GMM GMM Accuracy 76.90% il
2021 Norway | Atlantic salmon | 328/1312 CNN CNN Accuracy 96.70% 521
Lundu, SIFT, SURE, ORB, . o
2021 Sarawak Sea turtles 16/70 HOG HOG Accuracy 65.00%
2021 Sumatra barb 43/215 s LBP Accuracy 93.00% =
body shape
2021 - Cow 4/2500 YOLO yoro | Precision, Fl-score, 90.00% ()
Accuracy
2019 - Cattle 17/147 YOLO v2, LRCN LRCN Accuracy 94.40% fos
FAST +
FAST, SIFT, FLANN, SIFT + . o
2019 = Cattle 66/528 ORB, Brute Force FLANN Accuracy 96.72%
2017 China Cattle 10/1965 QDA, SVM QDA il 99.70% s
Accuracy
PAT +
2015 Varanasi Ringed seal 46/2000 | PAT, ROT, TOP, k-NN ROT + Accuracy 88.60% (6]
TOP +

Pattern-based identification studies face several challenges,
including the following: Some animals’ body patterns
may change over time or differ as the animals grow. This
can make it difficult to record animal body patterns in a
standardized manner. The visibility and quality of patterns
can be influenced by environmental factors. Especially in
open areas or natural habitats, environmental conditions
(such as seasonal changes or their living environment) can
affect the perception of body patterns. Developing suitable
technologies to record and recognize body patterns may be
necessary. The cost and complexity of these technologies
can pose challenges to implementation.

Recognition and Identification Based on Iris Patterns

Animal iris, like human iris, is a unique biometric
marker. The use of iris images for biometric identification
is common. Recognition systems have been developed
using iris images of animals such as tarentola, cattle,
Atlantic salmon, goats, cow, horse, owl, and tiger, as given
in Table 6.

When examining recognition studies conducted using iris
images, it is observed that a wide range of animal species,
from fish to tigers, have been utilized in these studies.

Among biometric markers, iris is considered more reliable
compared to other methods such as facial recognition,
pattern recognition, and muzzle prints. Additionally, the
collection of iris images is easy and cost-effective when
compared to retina scans, making it a more practical
choice in biometric recognition systems. Iris-based
recognition is seen as a potentially valuable tool for the
identification and tracking of animals.

Identification from iris images also has challenges in real-
world applications, including the following: The mobility
of animals can make iris scanning challenging. Ensuring
that the animal remains still, as the eye must stay fixed, can
be a challenging process. The structure and characteristics
of irises can vary among different animal species.

CONCLUSION AND
RECOMMENDATIONS

Animal identification is essential to prevent epidemics,
administer vaccines, monitor animal health, and prevent
theft and fraud. Many methods have been used to identify
animals from the past to the present. Traditional methods
of identification, which adversely affect animal welfare,
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Table 6. Overview of iris-based recognition studies
. #Animal Best . ;
Year Country Animal T Method(s) Method Comparison Metric(s) Accuracy Ref.
82.49%,
. Black Bengal 92.68%, il
2023 India Goats 49/ 5880 Resnet152V2 Resnet152V2 Accuracy 77.17%,
87.76%
2023 - Angus 11/80 15 DNN models U-Net + VGG16 | Dice, Accuracy, Precision 99.50% 71
Atlantic . . .
2020 Norway 14/41 VeriEye VeriEye Matching Score 98.00% (721
Salmon
. Black Bengal . . . . .
2020 India Goats 5/25 Hamming Distance | Hamming Distance | Matching Score 59.00% (731
HSV + o
2019 - Cattle 1780 | SV Watershed Watershed | Lrecision, Recall, Fl-score, 96.25% |
Segmentation : Intersection over union
Segmentation
2017 = Horse 28/2000 DCNN DCNN EER 90.50% (73]
Circular Hough
Circular Hough Traniform
2017 - Horse 145/1015 Transform, C.anny Canny Edge Jaccard similarity 95.00% (76l
Edge Detection, .
. Detection
K-means clustering N
K-means clustering
Different
2015 - Owl images of | Hamming Distance | Hamming Distance | Accuracy 94.00% 771
Owl
2015 - Cow 8/48 SURF SURF Accuracy 91.67% (71
2014 = Cow 6/60 Hamming Distance | Hamming Distance | Matching Score 98.33% 2
Lizard
2013 - (Tarentola 54/924 JEXY I3S Accuracy 95.00% 72)
geckos)
Different
2012 - Tiger images of | Hamming Distance | Hamming Distance | Matching Score not specified | [
Tigers

have begun to give way to modern methods with the
development of technology. Ear notching, ear tattooing,
hot iron branding, and freeze branding, which are among
the traditional methods, are almost no longer used,
and the ear tagging method is used more widely. While
classical identification methods negatively affect animal
welfare, problems such as loss, repetition, fraud, and
security cannot be avoided.

Unlike traditional methods, biometric identification using
retinal vascular patterns, iris patterns, muzzle prints, facial
features, and body patterns offers numerous advantages
over conventional approaches. These applications are
painless, ensuring animal welfare, and are highly resistant
to fraud or loss. Technological advancements and increased
interdisciplinary studies have driven a growing shift
towards biometric methods for animal identification. This
review aims to provide a comprehensive examination of
studies employing biometric techniques for identification

and recognition, presenting both their strengths and
weaknesses to researchers. In this review, studies that
utilized retinal vascular patterns, iris patterns, muzzle
prints, facial recognition, and body pattern biomarkers
were scrutinized meticulously, and their advantages and
disadvantages were assessed individually. Additionally,
the challenges that may be encountered in the practical
implementation of these biomarkers for identification
were presented. As a result of this review, it is evident that
using retinal vascular patterns for animal identification
stands out as the most advantageous method, ensuring
both animal welfare and economic benefits at a national
level.

This review article presents the following recommend-
ations as a result:

- The widespread adoption of biometric animal identification
methods, especially those based on facial, iris, and retinal
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vein patterns, is essential.

- The use of biometric methods in international trade
transactions should be encouraged as it can support both
animal welfare and economic growth.

- To develop successful biometric-based identification
systems, attention must be paid to the accuracy and
precision of data collection processes, ensuring high-
quality images are captured.

- Making animal biometric data accessible to researchers
can facilitate advancements in the field of animal science
by increasing the quantity and quality of interdisciplinary
studies.

The review emphasizes the significance of utilizing
biometric markers in the development of animal
identification and recognition systems. Considering
the undeniable role of animal husbandry in national
economies, it is anticipated that the use of the mentioned
biometric markers will become a necessity in the near
future.

Abbreviations

ANN: Artificial Neural Networks

ARTI: Adjusted Rand Index

AUC: Area Under Curve

BRISK: Binary Robust Invariant Scaling Keypoints
CIL: Comprehensive Index

CLAHE: Contrast Limited Adaptive Histogram Equalization
CNN: Convolutional Neural Network

CWT: Complex Wavelet Transform

DBN: Deep Belief Network

DCNN: Deep Convolutional Neural Networks
DL: Deep Learning

DNNet: Dog Nose Network

EER: Equal Error Rate

EU: European Union

FAR: False Acceptance Rate

FAST: Features from Accelerated Segment Test
Faster R-CNN: Faster Regional-Convolutional Neural Networks
Fk-NN: Fuzzy K-Nearest Neighbor

FLPP: Fisher Linear Projection and Preservation
FPR: False Positive Rate

GMM: Gaussian Mixture Model

GWO: Gray Wolf Optimization

HOG: Histogram of Directed Gradients

HP: Horizontal Density Profiles

HSV: Hue, Saturation, Value

I*S: Interactive Individual Identification System
ICA: Independent Component Analysis

IoU: Intersection over Union

KLT: Kanade-Lucas-Tomasi

k-NN: k-Nearest Neighbor

LBP: Local Binary Pattern

LDA: Linear Discriminant Analysis

LRCN: Long-term Recurrent Convolutional Network
ML: Maximum Likelihood

MSVMs: Multiclass Support Vector Machines
NB: Naive Bayes

NN: Nearest Neighbor

ORB: Oriented FAST and Rotated BRIEF

PCA: Principal Component Analysis

QDA: Second-order Discriminant Analysis
RANSAC: Random Sample Consensus

RFID: Radio Frequency Identification

ROC: Receiver Operating Characteristic

ROL: Region of Interest

SDAE: Stacked Denoising Auto Encoder

SIFT: Scale Invariant Feature Transform,
SUREF: Speeded Up Robust Feature

SVM: Support Vector Machine

TPR: True Positive Rate

WLD: Weber’s Local Descriptor

WOAH: The World Organization for Animal Health
YOLO: You Only Look Once

YOLOv4-CBAM-TL: Convolutional Block Attention
Module- Transfer Learning

Availability of Data and Materials
Not applicable.
Acknowledgements

Not applicable.

Competing Interests

The authors declared that there is no conflict of interest



Kafkas Univ Vet Fak Derg

591

CIHAN, SAYGILI, OZMEN, AKYUZLU

Author Contributions

PC: Conceptualization, designed, planned, methodology, investigation,
writing original draft. AS, NEO and MA: Conceptualization,
methodology, writing and editing. All authors read and approved
the final manuscript.

REFERENCES

1. Caja G, Ghirardi J, Hernandez-Jover M, Garin D: Diversity of animal
identification techniques: From ‘fire age’to ‘electronic age’ In, Proceedings
of 17th International Conference on Antiviral Research. 02-07 May, Tuscon,
Arizona, USA, 2004.

2. Marchant J: Secure animal identification and source verification. JM
Communications, UK, 1-28, 2002.

3. Conill C, Caja G, Nehring R, Ribo O: The use of passive injectable
transponders in fattening lambs from birth to slaughter: Effects of
injection position, age, and breed. ] Anim Sci, 80 (4): 919-925, 2002. DOI:
10.2527/2002.804919x

4. Saa C, Milan M, Caja G, Ghirardi J: Cost evaluation of the use of
conventional and electronic identification and registration systems for the
national sheep and goat populations in Spain. ] Anim Sci, 83 (5): 1215-1225,
2005. DOI: 10.2527/2005.8351215x

5. Bowling M, Pendell D, Morris D, Yoon Y, Katoh K, Belk K, Smith G:
Identification and traceability of cattle in selected countries outside of
North America. Prof Anim Sci, 24 (4): 287-294, 2008. DOI: 10.15232/S1080-
7446(15)30858-5

6. Pendell DL, Brester GW, Schroeder TC, Dhuyvetter KC, Tonsor GT:
Animal identification and tracing in the United States. Am ] Agric Econ, 92
(4): 927-940, 2010. DOI: 10.1093/ajae/aaq037

7. Fidan ED: Tiirkiyede ¢iftlik hayvanlar ile ilgili refah uygulamalari. Anim
Health Prod Hyg, 1 (1): 39-46, 2012.

8. Mouzo D, Rodriguez-Vazquez R, Lorenzo JM, Franco D, Zapata C,
Lopez-Pedrouso M: Proteomic application in predicting food quality
relating to animal welfare. A review. Trends Food Sci Technol, 99: 520-530,
2020. DOI: 10.1016/j.tifs.2020.03.029

9. Goudelis G, Tefas A, Pitas I: Emerging biometric modalities: A survey.
Multimodal User Interfaces, 2 (3): 217-235, 2008. DOI: 10.1007/s12193-009-
0020-x

10. Lee Y, Filliben JJ, Micheals R]J, Phillips PJ: Sensitivity analysis for
biometric systems: A methodology based on orthogonal experiment
designs. Comput Vis Image Underst, 117 (5): 532-550, 2013. DOI: 10.1016/].
cviu.2013.01.003

11. Ratha NK, Connell JH, Bolle RM: Enhancing security and privacy in
biometrics-based authentication systems. IBM Syst J, 40 (3): 614-634, 2001.
DOI: 10.1147/j.403.0614

12. Cihan P, Gokge E, Atakisi O, Kirmzigiil AH, Erdogan HM: Prediction
of immunoglobulin G in lambs with artificial intelligence methods. Kafkas
Univ Vet Fak Derg, 27 (1): 21-27, 2021. DOI: 10.9775/kvfd.2020.24642

13. Cihan P, Gokce E, Kalipsiz O: A review of machine learning applications
in veterinary field. Kafkas Univ Vet Fak Derg, 23 (4): 673-680, 2017. DOI:
10.9775/kvfd.2016.17281

14. Cihan P, Gokgee E, Kalipsiz O: A review on determination of computer
aid diagnosis and/or risk factors using data mining methods in veterinary
field. Ataturk Univ Vet Bil Derg, 14 (2): 209-220, 2019.

15. Cihan P, Kalipsiz O, Gokge E: Hayvan hastaligi teshisinde normalizasyon
tekniklerinin yapay sinir ag1 ve 6zellik se¢im performansina etkisi. Turkish
Stud, 12 (11): 59-70, 2017. DOI: 10.7827/TurkishStudies.11902

16. Kumar S, Singh SK: Visual animal biometrics: survey. IET Biometrics, 6
(3): 139-156, 2017. DOI: 10.1049/iet-bmt.2016.0017

17. Larregui JI, Cazzato D, Castro SM: An image processing pipeline to
segment iris for unconstrained cow identification system. Open Comput Sci,
9 (1): 145-159, 2019. DOI: 10.1515/comp-2019-0010

18. Gao J, Burghardt T, Andrew W, Dowsey AW, Campbell NW: Towards
self-supervision for video 1identification of individual Holstein-Friesian

cattle: The cows2021 dataset. Arxiv, 210501938, 2021. DOI: 10.48550/
arXiv.2105.01938

19. Li G, Erickson GE, Xiong Y: Individual beef cattle 1dentification using
muzzle images and deep learning techniques. Animals, 12 (11): 1453, 2022.
DOI: 10.3390/ani12111453

20. Awad AI: From classical methods to animal biometrics: A review on
cattle identification and tracking. Comput Electron Agric, 123: 423-435,
2016. DOI: 10.1016/j.compag.2016.03.014

21. Sert H, Uzmay A: Diinyada hayvan refahi uygulamalarinin ekonomik ve
siirdiiriilebilirlik agisindan degerlendirilmesi. Adnan Menderes Univ Sosyal
Bil Enst Derg, 4 (4): 263-276, 2017. DOI: 10.30803/adusobed.353373

22. Kumar S, Singh SK: Cattle recognition: A new frontier in visual animal
biometrics research. Proc Natl Acad Sci India Sect A Phys Sci, 90 (4): 689-708,
2020. DOI: 10.1007/s40010-019-00610-x

23. Bugge CE, Burkhardt J, Dugstad KS, Enger TB, Kasprzycka M,
Kleinauskas A, Myhre M, Scheffler K, Strom S, Vetlesen S: Biometric
methods of animal identification. Laboratory Animal Science at the
Norwegian School of Veterinary Science, 1-6, 2011.

24. Barron U, Butler E, McDonnell K, Ward S: The end of the identity
crisis? Advances in biometric markers for animal identification. Irish Vet ],
62 (3): 204-208, 2009.

25. Barry B, Corkery G, Gonzales-Barron U, Mc Donnell K, Butler F,
Ward S: A longitudinal study of the effect of time on the matching
performance of a retinal recognition system for lambs. Comput Electron
Agric, 64 (2): 202-211, 2008. DOI: 10.1016/j.compag.2008.05.011

26. Gionfriddo JR, Lee AC, Precht TA, Powell CC, Marren KK, Radecki
SV: Evaluation of retinal images for identifying individual dogs. Am J Vet Res,
67 (12): 2042-2045, 2006. DOI: 10.2460/ajvr.67.12.2042

27. Allen A, Golden B, Taylor M, Patterson D, Henriksen D, Skuce R:
Evaluation of retinal imaging technology for the biometric identification of
bovine animals in Northern Ireland. Livest Sci, 116 (1-3): 42-52, 2008. DOI:
10.1016/j.1ivsci.2007.08.018

28. Barron UG, Corkery G, Barry B, Butler F, McDonnell K, Ward S:
Assessment of retinal recognition technology as a biometric method for
sheep identification. Comput Electron Agric, 60 (2): 156-166, 2008. DOI:
10.1016/j.compag.2007.07.010

29. Barry B, Barron UG, Butler F, Ward S, McDonnell K: Verification of
sheep identity by means of a retinal recognition system. Trans ASABE, 54
(3):1161-1167,2011. DOI: 10.13031/2013.37081

30. Rojas-Olivares M, Caja G, Carné S, Salama A, Adell N, Puig P:
Determining the optimal age for recording the retinal vascular pattern image
of lambs. ] Anim Sci, 90 (3): 1040-1046, 2012. DOI: 10.2527/jas.2010-3648

31. Alturk G, Karakus F: Assessment of retinal recognition technology as a
biometric 1dentification method in Norduz sheep. In, Proceedings of 11"
International Animal Science Conference. 20-22 October, Cappadocia, Turkey,
2019.

32. Mustafi S, Ghosh P, Mandal SN: RetIS: Unique 1dentification system of
goats through retinal analysis. Comput Electron Agric, 185:106127, 2021.
DOI: 10.1016/j.compag.2021.106127

33. Noviyanto A, Arymurthy AM: Beef cattle identification based on
muzzle pattern using a matching refinement technique in the SIFT method.
Comput Electron Agric, 99, 77-84,2013. DOI: 10.1016/j.compag.2013.09.002

34. Barry B, Gonzales-Barron U, McDonnell K, Butler F, Ward S: Using
muzzle pattern recognition as a biometric approach for cattle identification.
Trans ASABE, 50 (3): 1073-1080, 2007. DOI: 10.13031/2013.23121

35. Kaushik K, Reddy DJ, Raman R: Muzzle Based Identification of Cattle
Using KAZE. In, 4" International Conference on Innovative Trends in
Information Technology (ICITIIT). 1-4. IEEE. 11-12 February, Kerala, India,
2023.

36. Kaur A, Kumar M, Jindal MK: Shi-Tomasi corner detector for cattle
identification from muzzle print image pattern. Ecol Inform, 68:101549,
2022. DOI: 10.1016/j.ecoinf.2021.101549

37. Bae HB, Pak D, Lee S: Dog nose-print 1dentification using deep neural
networks. IEEE Access, 9, 49141-49153, 2021. DOI: 10.1109/ACCESS.
2021.3068517


https://academic.oup.com/jas/article-abstract/80/4/919/4789389?redirectedFrom=fulltext&login=false
https://academic.oup.com/jas/article-abstract/80/4/919/4789389?redirectedFrom=fulltext&login=false
https://academic.oup.com/jas/article-abstract/80/4/919/4789389?redirectedFrom=fulltext&login=false
https://academic.oup.com/jas/article-abstract/80/4/919/4789389?redirectedFrom=fulltext&login=false
https://academic.oup.com/jas/article-abstract/83/5/1215/4790879?redirectedFrom=fulltext&login=false
https://academic.oup.com/jas/article-abstract/83/5/1215/4790879?redirectedFrom=fulltext&login=false
https://academic.oup.com/jas/article-abstract/83/5/1215/4790879?redirectedFrom=fulltext&login=false
https://academic.oup.com/jas/article-abstract/83/5/1215/4790879?redirectedFrom=fulltext&login=false
https://linkinghub.elsevier.com/retrieve/pii/S1080744615308585
https://linkinghub.elsevier.com/retrieve/pii/S1080744615308585
https://linkinghub.elsevier.com/retrieve/pii/S1080744615308585
https://linkinghub.elsevier.com/retrieve/pii/S1080744615308585
https://onlinelibrary.wiley.com/doi/10.1093/ajae/aaq037
https://onlinelibrary.wiley.com/doi/10.1093/ajae/aaq037
https://onlinelibrary.wiley.com/doi/10.1093/ajae/aaq037
https://dergipark.org.tr/en/download/article-file/1475165
https://dergipark.org.tr/en/download/article-file/1475165
https://www.sciencedirect.com/science/article/abs/pii/S0924224419311471?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0924224419311471?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0924224419311471?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0924224419311471?via%3Dihub
https://link.springer.com/article/10.1007/s12193-009-0020-x
https://link.springer.com/article/10.1007/s12193-009-0020-x
https://link.springer.com/article/10.1007/s12193-009-0020-x
https://www.sciencedirect.com/science/article/abs/pii/S1077314213000040?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1077314213000040?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1077314213000040?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1077314213000040?via%3Dihub
https://ieeexplore.ieee.org/document/5386935/
https://ieeexplore.ieee.org/document/5386935/
https://ieeexplore.ieee.org/document/5386935/
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2772.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2772.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2772.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_L_2101.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_L_2101.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_L_2101.pdf
https://dergipark.org.tr/en/pub/ataunivbd/issue/49777/462197
https://dergipark.org.tr/en/pub/ataunivbd/issue/49777/462197
https://dergipark.org.tr/en/pub/ataunivbd/issue/49777/462197
https://turkishstudies.net/DergiTamDetay.aspx?ID=11902
https://turkishstudies.net/DergiTamDetay.aspx?ID=11902
https://turkishstudies.net/DergiTamDetay.aspx?ID=11902
https://ietresearch.onlinelibrary.wiley.com/doi/10.1049/iet-bmt.2016.0017
https://ietresearch.onlinelibrary.wiley.com/doi/10.1049/iet-bmt.2016.0017
https://www.degruyter.com/document/doi/10.1515/comp-2019-0010/html
https://www.degruyter.com/document/doi/10.1515/comp-2019-0010/html
https://www.degruyter.com/document/doi/10.1515/comp-2019-0010/html
https://arxiv.org/abs/2105.01938
https://arxiv.org/abs/2105.01938
https://arxiv.org/abs/2105.01938
https://arxiv.org/abs/2105.01938
https://www.mdpi.com/2076-2615/12/11/1453
https://www.mdpi.com/2076-2615/12/11/1453
https://www.mdpi.com/2076-2615/12/11/1453
https://www.sciencedirect.com/science/article/abs/pii/S0168169916300837?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168169916300837?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168169916300837?via%3Dihub
https://dergipark.org.tr/tr/pub/adusobed/issue/33430/353373
https://dergipark.org.tr/tr/pub/adusobed/issue/33430/353373
https://dergipark.org.tr/tr/pub/adusobed/issue/33430/353373
https://link.springer.com/article/10.1007/s40010-019-00610-x
https://link.springer.com/article/10.1007/s40010-019-00610-x
https://link.springer.com/article/10.1007/s40010-019-00610-x
https://norecopa.no/media/7291/biometric-methods.pdf
https://norecopa.no/media/7291/biometric-methods.pdf
https://norecopa.no/media/7291/biometric-methods.pdf
https://norecopa.no/media/7291/biometric-methods.pdf
https://www.researchgate.net/publication/286688965_The_end_of_the_identity_crisis_Advances_in_biometric_markers_for_animal_identification
https://www.researchgate.net/publication/286688965_The_end_of_the_identity_crisis_Advances_in_biometric_markers_for_animal_identification
https://www.researchgate.net/publication/286688965_The_end_of_the_identity_crisis_Advances_in_biometric_markers_for_animal_identification
https://www.sciencedirect.com/science/article/abs/pii/S0168169908001488?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168169908001488?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168169908001488?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168169908001488?via%3Dihub
https://avmajournals.avma.org/view/journals/ajvr/67/12/ajvr.67.12.2042.xml
https://avmajournals.avma.org/view/journals/ajvr/67/12/ajvr.67.12.2042.xml
https://avmajournals.avma.org/view/journals/ajvr/67/12/ajvr.67.12.2042.xml
https://www.sciencedirect.com/science/article/abs/pii/S187114130700457X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S187114130700457X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S187114130700457X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S187114130700457X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168169907001755?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168169907001755?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168169907001755?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168169907001755?via%3Dihub
https://elibrary.asabe.org/abstract.asp??JID=3&AID=37081&CID=t2011&v=54&i=3&T=1
https://elibrary.asabe.org/abstract.asp??JID=3&AID=37081&CID=t2011&v=54&i=3&T=1
https://elibrary.asabe.org/abstract.asp??JID=3&AID=37081&CID=t2011&v=54&i=3&T=1
https://academic.oup.com/jas/article-abstract/90/3/1040/4764415?redirectedFrom=fulltext
https://academic.oup.com/jas/article-abstract/90/3/1040/4764415?redirectedFrom=fulltext
https://academic.oup.com/jas/article-abstract/90/3/1040/4764415?redirectedFrom=fulltext
https://www.sciencedirect.com/science/article/abs/pii/S0168169921001459?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168169921001459?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168169921001459?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168169921001459?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168169921001459?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168169921001459?via%3Dihub
https://elibrary.asabe.org/abstract.asp??JID=3&AID=23121&CID=t2007&v=50&i=3&T=1
https://elibrary.asabe.org/abstract.asp??JID=3&AID=23121&CID=t2007&v=50&i=3&T=1
https://elibrary.asabe.org/abstract.asp??JID=3&AID=23121&CID=t2007&v=50&i=3&T=1
https://www.sciencedirect.com/science/article/abs/pii/S157495412100340X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S157495412100340X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S157495412100340X?via%3Dihub
https://ieeexplore.ieee.org/document/9385064
https://ieeexplore.ieee.org/document/9385064
https://ieeexplore.ieee.org/document/9385064

592

Animal Biometric Identification

Kafkas Univ Vet Fak Derg

38. Bello R-W, Talib AZH, Mohamed ASAB: Deep belief network approach
for recognition of cow using cow nose image pattern. WJST, 18 (5): 8984-
8984, 2021. DOI: 10.48048/wjst.2021.8984

39. Bello R-W, Talib AZH, Mohamed ASAB: Deep learning-based
architectures for recognition of cow using cow nose image pattern. Gazi
Univ ] Sci, 33 (3): 831-844, 2020. DOI: 10.35378/gujs.605631

40. Taha A, Darwish A, Hassanien AE, ElKholy A: Arabian horse
1dentification and gender determination system based on feature fusion
and gray wolf optimization. Int J Intell Eng Syst, 13 (4): 145-155, 2020. DOI:
10.22266/ijies2020.0831.13

41. Jang D-H, Kwon K-S, Kim J-K, Yang K-Y, Kim J-B: Dog 1dentification
method based on muzzle pattern image. Appl Sci, 10 (24):8994, 2020. DOI:
10.3390/app10248994

42. Nurtanio I, Areni IS, Bugiwati SR, Bustamin A, Rahmatullah M: A
portable cattle tagging based on muzzle pattern. Int J Interact Mob Technol,
14 (13):2020, 2020. DOI: 10.3991/ijim.v14i13.13237

43. Kumar S, Pandey A, Satwik KSR, Kumar S, Singh SK, Singh AK,
Mohan A: Deep learning framework for recognition of cattle using muzzle
point image pattern. Measurement, 116, 1-17, 2018. DOI: 10.1016/j.
measurement.2017.10.064

44. Gaber T, Tharwat A, Hassanien AE, Snasel V: Biometric cattle
identification approach based on weber’s local descriptor and adaboost
classifier. Comput Electron Agric, 122, 55-66, 2016. DOI: 10.1016/j.compag.
2015.12.022

45. Mahmoud HA, Hadad HMRE: Automatic cattle muzzle print
classification system using multiclass support vector machine. Int J Image
Min, 1 (1): 126-140, 2015. DOI: 10.1504/1JIM.2015.070022

46. Tharwat A, Gaber T, Hassanien AE, Hassanien HA, Tolba MF: Cattle
identification using muzzle print images based on texture features approach.
In, Proceedings of the Fifth International Conference on Innovations in Bio-
Inspired Computing and Applications IBICA. 23-25 June, Ostrava, Czech
Republic, 2014.

47. Corkery G, Gonzales-Barron UA, Butler F, Mc Donnell K, Ward S: A
preliminary investigation on face recognition as a biometric identifier of
sheep. Trans ASABE, 50 (1): 313-320, 2007. DOI: 10.13031/2013.22395

48. Salama A, Hassanien AE, Fahmy A: Sheep identification using a hybrid
deep learning and bayesian optimization approach. IEEE Access, 7, 31681-
31687, 2019. DOI: 10.1109/ACCESS.2019.2902724

49. Ahmad M, Abbas S, Fatima A, Issa GF, Ghazal TM, Khan MA: Deep
transfer learning-based animal face 1dentification model empowered with
vision-based hybrid approach. Appl Sci, 13 (2): 1178, 2023. DOI: 10.3390/
app13021178

50. Hitelman A, Edan Y, Godo A, Berenstein R, Lepar ], Halachmi I:
Biometric identification of sheep via a machine-vision system. Comput
Electron Agric, 194:106713, 2022. DOI: 10.1016/j.compag.2022.106713

51. Zhang X, Xuan C, Ma Y, Su H, Zhang M: Biometric facial identification
using attention module optimized YOLOv4 for sheep. Comput Electron
Agric, 203:107452, 2022. DOI: 10.1016/j.compag.2022.107452

52. Bimantoro MZ, Emanuel AWR: Sheep face classification using
convolutional neural network. In, 3* East Indonesia Conference on Computer
and Information Technology (EIConCIT). 9-11 April, Surabaya, Indonesia 2021.

53. de Lima Weber F, de Moraes Weber VA, Menezes GV, Junior AdSO,
Alves DA, de Oliveira MVM, Matsubara ET, Pistori H, de Abreu
UGP: Recognition of Pantaneira cattle breed using computer vision and
convolutional neural networks. Comput Electron Agric, 175:105548, 2020.
DOI: 10.1016/j.compag.2020.105548

54. Marsot M, Mei ], Shan X, Ye L, Feng P, Yan X, Li C, Zhao Y: An adaptive
pig face recognition approach using Convolutional Neural Networks. Comput
Electron Agric, 173:105386, 2020. DOI: 10.1016/j.compag.2020.105386

55. Schofield D, Nagrani A, Zisserman A, Hayashi M, Matsuzawa T, Biro
D, Carvalho S: Chimpanzee face recognition from videos in the wild using
deep learning. Sci Adv, 5 (9):eaaw0736, 2019. DOI: 10.1126/sciadv.aaw0736

56. Dandil E, Turkan M, Mustafa B, Cevik KK: Daha hizli bolgesel-
evrisimsel sinir aglar1 ile sigir yiizlerinin taninmasi. Bilecik Seyh Edebali
Univ Fen Bil Derg, 6, 177-189, 2019. DOL: 10.35193/bseufbd.592099

57. Kumar S, Singh SK: Monitoring of pet animal in smart cities using
animal biometrics. Future Gener Comput Syst, 83, 553-563, 2018. DOI:
10.1016/j.future.2016.12.006

58. Hansen MF, Smith ML, Smith LN, Salter MG, Baxter EM, Farish M,
Grieve B: Towards on-farm pig face recognition using convolutional
neural networks. Comput Ind, 98, 145-152, 2018. DOI: 10.1016/j.compind.
2018.02.016

59. Kumar S, Tiwari S, Singh SK: Face recognition for cattle. In, Proceedings
of Third International Conference on Image Information Processing (ICIIP).
21-24 December, Waknaghat, India, 2015.

60. Xiao J, Liu G, Wang K, Si Y: Cow identification in free-stall barns based
on an improved Mask R-CNN and an SVM. Comput Electron Agric,
194:106738, 2022. DOI: 10.1016/j.compag.2022.106738

61. Andrew W, Gao J, Mullan S, Campbell N, Dowsey AW, Burghardt T:
Visual identification of individual Holstein-Friesian cattle via deep metric
learning. Comput Electron Agric, 185:106133, 2021. DOI: 10.1016/j.
compag.2021.106133

62. Cisar P, Bekkozhayeva D, Movchan O, Saberioon M, Schraml R:
Computer vision based individual fish identification using skin dot pattern.
Sci Rep, 11 (1): 1-12, 2021. DOI: 10.1038/541598-021-96476-4

63. Hipiny I, Ujir H, Mujahid A, Yahya NK: Towards automated biometric
1dentification of sea turtles (Chelonia mydas). ] ICT Res Appl, 12 (3): 256-
266, 2018. DOI: 10.5614/itbj.ict.res.appl.2018.12.3.4

64. Bekkozhayeva D, Saberioon M, Cisar P: Automatic individual non-
invasive photo-identification of fish (Sumatra barb Puntigrus tetrazona)
using visible patterns on a body. Aquac Int, 29 (4): 1481-1493, 2021. DOI:
10.1007/s10499-021-00684-8

65. Tassinari P, Bovo M, Benni S, Franzoni S, Poggi M, Mammi LME,
Mattoccia S, Di Stefano L, Bonora F, Barbaresi A: A computer vision
approach based on deep learning for the detection of dairy cows in free
stall barn. Comput Electron Agric, 182:106030, 2021. DOIL: 10.1016/j.
compag.2021.106030

66. Andrew W, Greatwood C, Burghardt T: Aerial animal biometrics:
Individual friesian cattle recovery and visual identification via an
autonomous uav with onboard deep inference. In, International Conference
on Intelligent Robots and Systems (IROS). 4-8 November, Macau, China,
2019.

67. Zhao K, Jin X, Ji J, Wang J, Ma H, Zhu X: Individual identification of
Holstein dairy cows based on detecting and matching feature points
in body images. Biosyst Eng, 181, 128-139, 2019. DOI: 10.1016/j.
biosystemseng.2019.03.004

68. Li W, Ji Z, Wang L, Sun C, Yang X: Automatic individual identification
of Holstein dairy cows using tailhead images. Comput Electron Agric, 142,
622-631,2017. DOI: 10.1016/j.compag.2017.10.029

69. Nepovinnykh E, Eerola T, Kalviainen H: Siamese network based pelage
pattern matching for ringed seal re-identification. In, Proceedings of the
IEEE/CVF Winter Conference on Applications of Computer Vision Workshops.
13-19 June, Seattle, WA, USA, 2020.

70. Laishram M, Mandal SN, Haldar A, Das S, Bera S, Samanta R:
Biometric identification of Black Bengal goat: unique iris pattern matching
system vs deep learning approach. Anim Biosci, 36 (6):980, 2023. DOI:
10.5713/ab.22.0157

71. Yoon H, Park M, Lee H, Ahn J, Lee T, Lee S-H: Deep learning
framework for bovine iris segmentation. ] Anim Sci Technol, 2023 (Article in
press). DOI: 10.5187/jast.2023.e51

72. Foldvik A, Jakobsen F, Ulvan EM: Individual recognition of Atlantic
salmon using 1ris biometry. Copeia, 108 (4): 767-771, 2020. DOI: 10.1643/
CI2020035

73. Roy S, Dan S, Mukherjee K, Nath Mandal S, Hajra DK, Banik S,
Naskar S: Black Bengal Goat Identification Using Iris Images. In,
Proceedings of International Conference on Frontiers in Computing and
Systems. 1 October, Catania, Italy, 2021.

74. Larregui JI, Espinosa J, Ganuza ML, Castro SM: Biometric 1iris
1dentification in bovines. Comp Sci Tech Ser, 111-121, 2015.


https://wjst.wu.ac.th/index.php/wjst/article/view/8984
https://wjst.wu.ac.th/index.php/wjst/article/view/8984
https://wjst.wu.ac.th/index.php/wjst/article/view/8984
https://dergipark.org.tr/en/pub/gujs/issue/56657/605631
https://dergipark.org.tr/en/pub/gujs/issue/56657/605631
https://dergipark.org.tr/en/pub/gujs/issue/56657/605631
https://www.scinapse.io/papers/3037520864
https://www.scinapse.io/papers/3037520864
https://www.scinapse.io/papers/3037520864
https://www.scinapse.io/papers/3037520864
https://www.mdpi.com/2076-3417/10/24/8994
https://www.mdpi.com/2076-3417/10/24/8994
https://www.mdpi.com/2076-3417/10/24/8994
https://online-journals.org/index.php/i-jim/article/view/13237
https://online-journals.org/index.php/i-jim/article/view/13237
https://online-journals.org/index.php/i-jim/article/view/13237
https://linkinghub.elsevier.com/retrieve/pii/S0263224117306991
https://linkinghub.elsevier.com/retrieve/pii/S0263224117306991
https://linkinghub.elsevier.com/retrieve/pii/S0263224117306991
https://linkinghub.elsevier.com/retrieve/pii/S0263224117306991
https://www.sciencedirect.com/science/article/abs/pii/S016816991600003X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S016816991600003X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S016816991600003X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S016816991600003X?via%3Dihub
https://www.inderscienceonline.com/doi/abs/10.1504/IJIM.2015.070022
https://www.inderscienceonline.com/doi/abs/10.1504/IJIM.2015.070022
https://www.inderscienceonline.com/doi/abs/10.1504/IJIM.2015.070022
https://elibrary.asabe.org/abstract.asp??JID=3&AID=22395&CID=t2007&v=50&i=1&T=1
https://elibrary.asabe.org/abstract.asp??JID=3&AID=22395&CID=t2007&v=50&i=1&T=1
https://elibrary.asabe.org/abstract.asp??JID=3&AID=22395&CID=t2007&v=50&i=1&T=1
https://ieeexplore.ieee.org/document/8663268
https://ieeexplore.ieee.org/document/8663268
https://ieeexplore.ieee.org/document/8663268
https://www.mdpi.com/2076-3417/13/2/1178
https://www.mdpi.com/2076-3417/13/2/1178
https://www.mdpi.com/2076-3417/13/2/1178
https://www.mdpi.com/2076-3417/13/2/1178
https://linkinghub.elsevier.com/retrieve/pii/S0168169922000308
https://linkinghub.elsevier.com/retrieve/pii/S0168169922000308
https://linkinghub.elsevier.com/retrieve/pii/S0168169922000308
https://www.sciencedirect.com/science/article/abs/pii/S0168169922007608?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168169922007608?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168169922007608?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168169919321490?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168169919321490?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168169919321490?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168169919321490?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168169919321490?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168169920300673?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168169920300673?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168169920300673?via%3Dihub
https://www.science.org/doi/10.1126/sciadv.aaw0736
https://www.science.org/doi/10.1126/sciadv.aaw0736
https://www.science.org/doi/10.1126/sciadv.aaw0736
https://dergipark.org.tr/tr/pub/bseufbd/issue/48474/592099
https://dergipark.org.tr/tr/pub/bseufbd/issue/48474/592099
https://dergipark.org.tr/tr/pub/bseufbd/issue/48474/592099
https://linkinghub.elsevier.com/retrieve/pii/S0167739X16307385
https://linkinghub.elsevier.com/retrieve/pii/S0167739X16307385
https://linkinghub.elsevier.com/retrieve/pii/S0167739X16307385
https://www.sciencedirect.com/science/article/pii/S0166361517304992
https://www.sciencedirect.com/science/article/pii/S0166361517304992
https://www.sciencedirect.com/science/article/pii/S0166361517304992
https://www.sciencedirect.com/science/article/pii/S0166361517304992
https://linkinghub.elsevier.com/retrieve/pii/S0168169922000552
https://linkinghub.elsevier.com/retrieve/pii/S0168169922000552
https://linkinghub.elsevier.com/retrieve/pii/S0168169922000552
https://www.sciencedirect.com/science/article/abs/pii/S0168169921001514?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168169921001514?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168169921001514?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168169921001514?via%3Dihub
https://www.nature.com/articles/s41598-021-96476-4
https://www.nature.com/articles/s41598-021-96476-4
https://www.nature.com/articles/s41598-021-96476-4
https://doi.org/10.5614/itbj.ict.res.appl.2018.12.3.4
https://doi.org/10.5614/itbj.ict.res.appl.2018.12.3.4
https://doi.org/10.5614/itbj.ict.res.appl.2018.12.3.4
https://link.springer.com/article/10.1007/s10499-021-00684-8
https://link.springer.com/article/10.1007/s10499-021-00684-8
https://link.springer.com/article/10.1007/s10499-021-00684-8
https://link.springer.com/article/10.1007/s10499-021-00684-8
https://www.sciencedirect.com/science/article/abs/pii/S016816992100048X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S016816992100048X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S016816992100048X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S016816992100048X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S016816992100048X?via%3Dihub
https://linkinghub.elsevier.com/retrieve/pii/S1537511018312984
https://linkinghub.elsevier.com/retrieve/pii/S1537511018312984
https://linkinghub.elsevier.com/retrieve/pii/S1537511018312984
https://linkinghub.elsevier.com/retrieve/pii/S1537511018312984
https://linkinghub.elsevier.com/retrieve/pii/S0168169917300649
https://linkinghub.elsevier.com/retrieve/pii/S0168169917300649
https://linkinghub.elsevier.com/retrieve/pii/S0168169917300649
https://doi.org/10.5713%2Fab.22.0157
https://doi.org/10.5713%2Fab.22.0157
https://doi.org/10.5713%2Fab.22.0157
https://doi.org/10.5713%2Fab.22.0157
http://www.ejast.org/archive/view_article?pid=jast-2023-e51
http://www.ejast.org/archive/view_article?pid=jast-2023-e51
http://www.ejast.org/archive/view_article?pid=jast-2023-e51
https://bioone.org/journals/copeia/volume-108/issue-4/CI2020035/Individual-Recognition-of-Atlantic-Salmon-Using-Iris-Biometry/10.1643/CI2020035.short
https://bioone.org/journals/copeia/volume-108/issue-4/CI2020035/Individual-Recognition-of-Atlantic-Salmon-Using-Iris-Biometry/10.1643/CI2020035.short
https://bioone.org/journals/copeia/volume-108/issue-4/CI2020035/Individual-Recognition-of-Atlantic-Salmon-Using-Iris-Biometry/10.1643/CI2020035.short
https://www.researchgate.net/publication/309458564_Biometric_Iris_Identification_in_Bovines
https://www.researchgate.net/publication/309458564_Biometric_Iris_Identification_in_Bovines

Kafkas Univ Vet Fak Derg

593

CIHAN, SAYGILI, OZMEN, AKYUZLU

75. Trokielewicz M, Szadkowski M: Iris and periocular recognition in
arabian race horses using deep convolutional neural networks. In,
Proceedings of IEEE International Joint Conference on Biometrics. 1-4
October, Denver, Colorado, USA, 2017.

76. Salama A, Hassanien AE, Fahmy A: Iris features segmentation for
arabian horses identification. In, Proceedings of the Ist International
Conference on Internet of Things and Machine Learning. 17-18 October,
Liverpool, United Kingdom, 2017.

77. De P, Ghoshal D: Identification of owls by the method of Iris pattern
matching and Recognition. Int ] Eng Innov Technol, 5 (4): 1-5, 2015. DOI:

10.17485/ijst/2016/v9i42/96165

78.Lu 'Y, He X, Wen Y, Wang PS: A new cow identification system based on
iris analysis and recognition. Int J Biom, 6 (1): 18-32, 2014. DOI: 10.1504/
IJBM.2014.059639

79. Rocha R, Carrilho T, Rebelo R: Iris photo-identification: A new
methodology for the individual recognition of Tarentola geckos. Amphib-
reptil, 34 (4): 590-596, 2013. DOI: 10.1163/15685381-00002918

80. hoshal D, De P, Saha B: Identification of tigers for census by the method
of tiger 1ris pattern matching and recognition. Int ] Comput Appl, 49 (2):
0975-8887, 2012.


https://indjst.org/articles/iris-pattern-recognition-of-the-kingfisher-bird-using-discrete-wavelet-transform-and-feature-extraction-from-histogram-orientation-gradient
https://indjst.org/articles/iris-pattern-recognition-of-the-kingfisher-bird-using-discrete-wavelet-transform-and-feature-extraction-from-histogram-orientation-gradient
https://indjst.org/articles/iris-pattern-recognition-of-the-kingfisher-bird-using-discrete-wavelet-transform-and-feature-extraction-from-histogram-orientation-gradient
https://www.inderscienceonline.com/doi/abs/10.1504/IJBM.2014.059639
https://www.inderscienceonline.com/doi/abs/10.1504/IJBM.2014.059639
https://www.inderscienceonline.com/doi/abs/10.1504/IJBM.2014.059639
https://brill.com/view/journals/amre/34/4/article-p590_17.xml
https://brill.com/view/journals/amre/34/4/article-p590_17.xml
https://brill.com/view/journals/amre/34/4/article-p590_17.xml
https://research.ijcaonline.org/volume49/number2/pxc3880316.pdf
https://research.ijcaonline.org/volume49/number2/pxc3880316.pdf
https://research.ijcaonline.org/volume49/number2/pxc3880316.pdf




