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Abstract

The use of predictive techniques based on image acquisition at field level is presented to improve livestock production.
With this, the farmer can plan the management of the herd and the need for supplemental feeding. The use of the Body
Condition Score (BCS) measured by visual assessment has been proposed as a method of subjective evaluation of the
nutritional status of cattle. Studies show that a good BCS at calving allows increases in the order of 10 to 15% in the
following pregnancy rate of the herd. This increase has a significant impact on farm productivity. Although the benefits of
the visual assessment scale are recognized, the percentage of breeders using this tool is still low, the main reason being
the lack of trained raters to record the BCS. The objective of this study was to develop a practical, repetitive, and non-
invasive method to evaluate BCS through a guided grading process using images taken in the field. The results show that
the BCS determination method proposed in this paper is presented as a simple and economical tool to evaluate BCS, so
that it can be accepted by the breeder for its simplicity and benefits. Additionally, it can serve as a tutorial for the acquisition
of experience in calibrating BCS in breeding cows.

Keywords: body condition score, digital imaging, beef cattle, information technology

Resumen

El uso de técnicas predictivas basadas en la toma de imagenes de campo es propuesto como un método de auxilio en la
cria animal, en donde el productor podria planificar el manejo de la nutricién del rodeo. La condicién corporal (CC) medida
en vacas de cria mediante apreciacion visual ha sido propuesta como un buen estimador del estado nutricional del rodeo.
Estudios previos demuestran que en vacas con mayores CC al parto la prefiez al siguiente servicio se incrementa de 10
a 15%, teniendo este resultado gran impacto en la produccién de los sistemas. Aunque se reconocen los beneficios de la
escala de CC, el porcentaje de criadores que utilizan esta herramienta sigue siendo bajo, siendo la razén principal la falta
de calificadores formados para registrarla. El objetivo de este estudio fue desarrollar un método préctico, repetitivo y no
invasivo para evaluar la CC mediante un proceso de calificacion guiada, utilizando imagenes tomadas en el campo. Los
resultados muestran que el método de determinacion de la CC propuesto se comporta como una herramienta sencilla y
economica para evaluar el estado nutricional, por lo que puede ser aceptado por el criador dada su sencillez y los bene-
ficios obtenidos. Adicionalmente, esta herramienta también puede constituir un tutorial para la generacién de experiencia
en la calificacion de la CC en vacas de cria.
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Resumo

O uso de técnicas preditivas baseadas em imagens de campo é proposto como um auxilio na criagdo de animais, onde
o produtor poderia planejar 0 manejo nutricional do rebanho. A condigdo corporal (CC) medida em vacas mediante avali-
acao visual foi proposta como um bom estimador do estado nutricional do rebanho. Estudos prévios mostram que em
vacas com maiores CC ao momento do parto, a gravidez no préximo servigo € aumentada de 10 a 15%, tendo um grande
impacto na produtividade dos sistemas. Embora os beneficios da escala CC sejam reconhecidos, a percentagem de
criadores que adotam esta ferramenta ainda € baixa, sendo a principal razao a falta de avaliadores treinados para registra-
la. O objetivo deste estudo foi desenvolver um método pratico, repetivel e ndo-invasivo para avaliar a CC através de um
processo guiado, utilizando imagens tomadas no campo. Os resultados mostram que o método de determinagao proposto
comporta-se como uma ferramenta simples e barata para avaliar o estado nutricional, podendo ser aceito pelo criador
dada a sua simplicidade assim como aos beneficios obtidos. Além disso, esta ferramenta também pode constituir um

tutorial para a geragao de experiéncia na qualificacdo de CC em vacas reprodutoras.

Palavras-chave: condigao corporal, imagens digitais, vacas de corte, tecnologia da informagao

1. Introduction

Body condition score (BCS) is a quantitative and
subjective indicator of an animal's ability to deposit
body fat, and it has been proposed as one of the
methods to increase reproductive efficiency of
herds. BCS does not increase reproductive effi-
ciency by itself, but the evaluation of BCS and the
management associated with these records allow
improving the reproductive efficiency of the herd.
These scores in cattle are evaluated by assigning
an index on a scale that varies by breed and country.
In Uruguay, a scale of classification of body condition
by visual appreciation, developed for dairy cattle(®,
was adapted for Hereford cows. Most national scien-
tific papers use this scale, which consists of 8 cate-
gories, where 1 represents a very skinny cow while
8 represents an extremely fat cow(). Extreme val-
ues of BCS are related to low productivity, lower
pregnancy rate, and health risks.

Traditional methods of evaluation (palpation, visual
assessment), although fast, require a trained asses-
sor and have the disadvantage of being subjective,
as it depends on each evaluator's assessment to
assign a different score for the same cow®). The
evaluation can be tedious when large numbers of
animals are analyzed, and large volumes of data are
generated in the field. Ferguson and others® and
Bewley and others(®) determined that trained raters
obtain equivalent results in direct observations as
when analyzing photographic images, finding that
80% and 90%, respectively, of the ratings made
from images matched the BCS observed in the field
with an accuracy level of £ 0.25 points. Therefore,
the use of more objective methods to determine
BCS, independent of trained observers, would allow
a better training of observers and a massive use in
cattle farms.

There is currently an intense field of research world-
wide aimed at developing objective methods for the
determination of BCS, and different alternative tech-
niques have been tested. In general, the advantage
of automated or semi-automated methods lies in
speeding up the evaluation process and achieving
greater objectivity. In addition to this, there is a
growing availability of information and communica-
tion technologies (ICT), which allows obtaining
more and better information to support the decision
making that farmers face daily.

Regarding the automation process of body condi-
tion measurement, there are works that require a
manual selection of images to build the method to
differentiate the levels of fat reserves of cows(®-7);
while in others it is necessary to additionally iden-
tify reference points that facilitate the extraction
of features from the images used®)®. Other au-
thors have implemented fully automated systems
using thermal imaging(©-10).

Currently, work on body condition measurement
based on 2D/3D sensors shows significant ad-
vances. The equipment using 2D cameras is based
on capturing images mainly from rear or top views to
analyze the dorsal area, obtaining a two-dimensional
projection of the animal('-12. On the other hand, the
use of 3D sensors provides more information about
the surface of the animal(3-14), Zin and others('%, us-
ing 3D cameras, extracted surface roughness pa-
rameters for BCS prediction by regression analysis
with 3D sensors. Machine learning techniques have
also gained popularity in obtaining BCS from sensor
data(®®. Song and others('’) improved automated
BCS classification using features related to 8 body
regions. An important consideration about these ap-
proaches is that many labeled images with an equal
distribution are required to achieve higher accuracy
in the system, which limits their applications in small
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and medium-sized farms. Other considerations have
to do with the higher cost of 3D sensors relative to 2D
sensors, which means that for the time being they will
not completely replace 2D tools in automatic BCS as-
sessment('®). While 3D sensors have their ad-
vantages over 2D sensors, the former have a higher
cost, and the processing and related algorithms are
more complex.

In Uruguay, methods have been developed to de-
termine carcass variables (steak eye area, subcuta-
neous fat thickness, and intramuscular fat content)
through the interpretation of ultrasound and RGB
images('8-20), Based on this background, the objec-
tive of this work was to develop a practical and more
reproducible method to evaluate BCS, non-invasive
for the animal, through a guided image classification
process using images taken in the field.

2. Materials and methods

The experimental protocol (020300-000845-20)
was approved and performed in accordance with
the animal experimentation norms of the Comision
Honoraria de Experimentacion Animal, CHEA, Uni-
versity of the Republic, Uruguay. The general idea
of the methodology is the determination of BCS from
photographic images. For the determination, a
guided classification is performed by comparing a
photo to be classified with respect to a set of previ-
ously calibrated images. This methodology is like
the one proposed by Vizcarra and others@, but as-
sisted by a bank of pre-calibrated images and
guided by a software. Hereafter this software is re-
ferred to as cond_corp.

The work was carried out jointly by researchers
from the Faculties of Agronomy and Engineering of
the University of the Republic (Udelar, Uruguay),
with the aim of linking knowledge and methodolo-
gies from different areas to achieve a technological
tool that, in the medium term, could be applied by
livestock farmers in Uruguay.

2.1 Determination of the image bank

The aim of the guided classification is to construct a
set of images classified first by experts. This set is
specific to each breed and can also be tuned for the
different seasons of the year. Fieldwork was carried
out in the Experimental Station of the Faculty of
Agronomy (“Dr. Mario A. Cassinoni”, EEMAC), and
in commercial farms, in the period between the
years 2013 and 2019(21-26),

At different times of the year, a total of more than
1000 images were taken of cows of different breeds
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(Braford, Hereford, Aberdeen Angus, and their
crossbreeds) and age-categories. The images were
taken in the livestock facilities, using the scale box,
and the camera was installed at a fixed distance from
the animals. Each animal was graded with a BCS by
each observer by visual assessment.

In the initial stage of this work(2") the information pro-
vided by images taken at different heights and dis-
tances with respect to the animal was evaluated.
Photographic images taken at 3 combinations of
heights, distances and angles were evaluated. The
evaluation was made by observers trained in body
condition scoring by answering the following ques-
tions:

¢ Which areas of the animal do you observe to
define BCS?

e |n which order do you observe these areas?

e Are you able to define the degree of BCS by
observing photographs?

¢ Are you able to define the degree of BCS by
observing only one photograph?

¢ Which is the best combination angle/distance to
determinate the BCS from the images?

Based on the answers obtained, the best location of
the camera was defined, being the best placement
at a height of 175 cm and a distance of 125 cm from
the cow, with an angle of 54°, as shown in Figure 1.

—_——————

I 175cm

e = = = -

Figure 1. Selection of the distance and angle to
highlight BCS features

2.2 Image database

In parallel to image acquisition, each cow was
graded by 3 observers trained in BCS by visual ap-
preciation, using the scale validated by Vizcarra and
others(@), also identifying the number of each animal.
Since 2006, livestock breeders have been register-
ing 100% of calf births through the National Live-
stock Identification System (SNIG)(@). With the most
representative images of each point of the scale,
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reference image bases were created for Braford,
Hereford, Angus breeds and their crosses.

At this stage, a set of photos were collected (one
photo per cow), corresponding to about 1000 differ-
ent cows, labeled with the average BCS made by
the expert observers by visual appreciation. Each
photo was identified with the identification number
(ID) corresponding to each animal.

Finally, to construct the program's database, the
photographs with the greatest number of coinci-
dences between the experts were used. Four image
databases were created, for the Braford, Hereford,
Angus breeds, and their F1 crosses, containing the
three most representative images of every point of
the observed scale (points from 2 to 6, each 0.25
units).

2.3 Classification methodology

The general idea of the methodology is to perform a
guided classification based on the comparison of a
photo to be classified with respect to a set of previ-
ously calibrated photos. This set forms the refer-
ence image database calibrated by an expert
grader. In the first step, the image to be classified is
compared with extreme BSC images. From these
three images, the most similar one to the photo to
be classified will be selected. The process contin-
ues by reducing the BSC range to be compared
around the selected image. Again, the user will
choose the photograph closest to the image of the
cow to be graded, allowing the range of possible val-
ues to be narrowed at each stage until the result is
defined.

Here we present the example of the classification
tree for a typical database. In this case, extreme
BCSs are 3 and 6 for the skinniest cow and the fat-
test cow, respectively. The entire process has five
steps. In the first one, the distance between the im-
ages is 1 point of BCS [3.5 4.5 5.9]. In the second
step, the distance is reduced to 0.5 BCS points cen-
tered in the value selected in step 1. Third to fifth
steps reduce the distance to 0.25 BCS points, mak-
ing three repetitions with the same distance to take
the average.

Figure 2 shows the grading process in schematic
form, indicating the different options presented to
the user in the successive stages. First, the user
must choose the database corresponding to the
breed he/she wants to qualify (Angus, Hereford, or
crossbreeds). To exemplify the methodology, the
decision tree to classify a cow with a BCS=5 is pre-
sented. The blue cells represent the available op-
tions, and the red boxes cells represent the possible

4

values chosen by the user at each step. The result
is rounded to the closest value.

STEP\BC | 3.00 | 3.25 | 3.50 | 3.37 | 4.00 | 4.25 | 4.50 | 4.75 | 5.00 [ 5.25 | 5.50 | 5.75 | 6.00
Stepl | 350 450 | [ 5.50
Step 2 ‘ 4.00 m 5(]!)~
Step3 | [ 4.7515.00 | 5.25
Stepd | ‘ 450475 {5.00.
Step5 | [ 4.75 '5.00= 5.25
BCS | ‘ 500

Figure 2. Example of BCS qualification process

In the implementation, each blue box is an image
from the database. At each step, the program se-
lects 3 photos, one from each strip. In this way, the
observer has the chance to reach any value within
the whole range of BCS. In steps 1 and 2, images
of cows with contrasting BCSs are shown, since the
objective of these steps is to orient the user towards
a narrower range. The database can be tuned for a
specific herd of cattle. In the proposed example us-
ing intermediate-fat cows, in step 1 the bands are 3
to4,4to 5and 5to 6. The photos shown to the user
correspond to the midpoint of each band.

Different range can be used for other breeds. For
example, in the case of skinny cows, the image ba-
ses can be divided into 3 bands: from 2 to 3, from 3
to 4, and from 4 to 5. In step 2, each of the 3 stripes
has an amplitude of 0.5 points, with the amplitude of
the range of possible values being 1.5 points. In this
step the user has a photo of a cow with the same
BCS as the one selected in the previous step, and
2 photos spaced 0.5 points apart from it. As in the
previous example, the objective of steps 3, 4 and 5
is to refine the final value of BCS. In these steps the
range of possible values is 0.5 points of BCS. The
user has a photo of a cow with the same BCS as the
one selected in step 2 and 2 photos spaced 0.25
points apart from it. The BCS values of the images
selected in these last three steps are averaged and
the result is displayed.

As this is a subjective evaluation, accuracy was un-
derstood as the difference between consensus of a
group of trained observers and the result obtained
by one observer using the present methodology.
The resolution or the smallest increment that can be
detected by the methodology is limited to £0.25
points of BCS. Photographs rated within this error
range were incorporated into the program's image
databases.
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In this example, the results of steps 3, 4 and 5 are
[4.75 5.00 5.00]. The average is 4.92, rounded to
5.00.

2.4 Grading program

To apply the proposed methodology a prototype pro-
gram for the guided grading of the BCS was imple-
mented. The prototype was named cond_corp, and
was developed from MATLAB® version R 2012b.

The MATLAB® program is a mathematical software
tool owned by Mathworks company, and its features
include the implementation of algorithms and the
creation of user interfaces.

Figure 3 shows the general look of the cond_corp
software interface. The three options offered to the
user can be seen, the image of the cow to be clas-
sified and the basic interface buttons.

IMAGES TO CLASSIFY
MEASURE

IMAGES DATABASE
BASE

Figure 3. Screen picture of the first step of BCS qualification in cond_corp software

There are four possible actions:

o Selection of the database: the first choice to make
by the user is the selection of the proper database.
The button linked to this action is “DATABASE".

o Selection of the image to be classified: we select
the proper image from the computer and the image
in the “ACTUAL IMAGE" is refreshed. When this op-
tion is selected all previous calculus are erased. The
button linked to this action is “IMAGE".

o Classification option: this option is made by a
click on the selected photo. The partial result is in-
dicated in the BSC box.

¢ Save: when the fifth step is done, the program
enables saving the result. The button linked to this
action is “SAVE”".

The BCS results assigned to each cow are saved in
a file together with the identification number allowing
the traceability. In addition, the program generates a
log file containing the options selected by the user
at each step. Although this file is not intended to be
read by an end user, it is very useful because it al-
lows knowing the decision taken at each step and

detecting possible errors, i.e., it is useful for training
in the use of this tool. This procedure allowed the
validation stage of the logic proposed for the devel-
opment of the program.

2.5 Validation of the methodology with the
cond_corp program implementation

The proposed methodology was validated through
different works in which the BCS was rated by visual
appreciation in the field and using the cond_corp
program as classification guide.

Correlation coefficients (Pearson) and coincidence
percentages were estimated (Proc MIXED, SAS V
9.4) between the ratings taken by visual apprecia-
tion vs. those obtained through images using the
cond_corp implementation of the methodology. In
the following section the results of different valida-
tions of the methodology and the software are pre-
sented.

3. Results and discussion

Four works were carried out to validate the pro-
posed methodology(?3-29). The BCS ratings obtained
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in the cond_corp and their corresponding ratings by
visual appreciation by experts were analyzed by cal-
culating the degree of coincidence for each case by
each observer, as well as the study of the correla-
tion coefficients between the BCS values taken by
visual appreciation (field) with those obtained using
the guided classification.

The results indicated that ratings vary with observ-
ers as expected. However, as they acquire training
using the classification software, the matches in-
crease between experts by visual appreciation in
the field and inexperienced users of the software.

For the Hereford database@3), correlations between
ratings by visual appreciation made by experts and
those obtained using the cond_corp program by in-
experienced users ranged from 0.20 to 0.74. Table 1
shows the correlations obtained by three inexperi-
enced observers, between their ratings by visual ap-
preciation and by means of the software, at three dif-
ferent times throughout the year (autumn, winter, and

spring).

Table 1. Correlations between ratings obtained by
visual appreciation and by cond_corp at 3 different
times along breeding cycle

TIME OBSERVER1 OBSERVER2  OBSERVER3

1 0.33 0.28 048
2 0.49 0.20 0.40
3 0.74 0.44 0.61

Time 1: Autumn; Time 2: Winter; Time 3: Spring

Correlation values were statistically significant
(P<0.0001) and increased as the observer gained ex-
perience in using the program. On average, the corre-
lations between visual appreciation ratings in time 1
were 0.36, while in the last measurement they in-
creased to 0.59. It can be said that this software con-
stitutes a rating guide, and, at the same time, a training
module in the recording of this variable.

Azambuja and others) discuss correlation as an in-
dicator parameter for the validation of this software.
Figure 4 shows the percentages of coincidence ob-
tained, and the cormrelation coefficients between the
observations of BCS by visual appreciation and by
scoring in the software, from four different observers.

78

48

34

Observer 1 Observer 2 Observer 3 Observer 4

12

Figure 4. Percentage of coincidences (%, dark bars)
and correlation coefficients (light bars) between BCS
ratings by visual appreciation and cond_corp

While the correlation shows the joint variation given
by the BCS between field and desk of each of the
observers, the percentages of coincidences would
indicate the degree of accuracy achieved by each of
the observers. There are differences between the
ratings registered by the different observers. While
three of them showed high percentages of coinci-
dences (74 to 84%), one of them presented only
23%. Throughout the work, in all cases the correla-
tion coefficients increased from the first to the last
measurement (on average from 0.43 to 0.60), so it
is possible to establish that the higher correlations
observed in the third measurement are the result of
greater visual ftraining achieved using the
cond_corp program. Again, this work can be indicat-
ing an increase of training level for BC scoring with
the use of this program.

However, the authors emphasize the importance of
a correct selection of the photographs taken to ob-
tain the best image of each cow at the time of grad-
ing with the software.

In this sense, the work developed by Oborsky and
Pachon(®) presents the behavior of these coinci-
dences in the qualification of photos taken with cell
phone cameras and without keeping the distances
or positions established as optimal().

The percentages of coincidence between ratings
also varied between observers, but in a range of 30
to 50%. The importance of using high resolution im-
ages where the different anatomical regions are
clearly visualized to qualify the cows is emphasized.

Finally, with the aim of testing whether the cond_corp
software could be used as a trainer in the qualification
of BCS in breeding cows, a final experiment was de-
signed. In this case, starting from untrained raters,
the matches of their ratings in the software with re-
spect to a trained observer were studied in BCS rat-
ings at different times over 1 year.
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The work developed by Gaimari and Pefiagaricano(@)
demonstrated that cond_corp can work as a field
grading tutorial. This work consisted of three differ-
ent stages. Initially, observers graded 90 cows by
visual appreciation. Subsequently, images of those
same cows were scored using the software, and fi-
nally they returned to score by visual assessment in
the field. In the first stage, the untrained observers
had correlations that ranged from 0.43 to 0.46 be-
tween their visual assessment determinations and
those of the trained observer. This correlation value
increased significantly after using the software, with
values ranging from 0.83 to 0.86.

Throughout all the tests carried out for the validation
of this method of BCS qualification using images,
the importance of the quality of the images (defini-
tion and position of the animals), as well as the rep-
resentativeness of the different points of the scale
in the program's photographic database were em-
phasized. The grading of several images leads to
the acquisition of some training by the observers in
the use of the program.

Finally, this work was of an exploratory and descrip-
tive nature in relation to the scope of this tool for ob-
taining digital records in cattle production systems.
Future lines of research should include a greater
number of data that allow more adequate statistical
processing to obtain conclusive results.

4. Conclusions

It was possible to develop a method for classifying
breeding cows by body condition using a pre-classified
image guide (cond_corp software). This hypothesis
was validated by different experiments and classifiers.

The degree of agreement of ratings between visual
appreciation and cond_corp increases over time for
different raters.

It is important that the images be taken using the pa-
rameters defined as optimal for later visual interpreta-
tion. When the images were taken by cell phones with-
out considering optimal distances or positions,
matches between BCS ratings reduced by visual ap-
preciation or by cond_corp software. The importance
of the lighting and the environment must be investi-
gated. All experiments were conducted using natu-
ral light with “similar” conditions.

The experiments confirm that as the observer uses
the software, his/her accuracy in subsequent BCS
grading by visual judgment improves.

Agrociencia Uruguay 2023 27

Espasandin AC, Larracharte Cardoso A, Pérez N b

&

Acknowledgements

Within the framework of this project, to the under-
graduate theses of the students Andrés Arotxarena
and Paco Irazabal (2014), Santiago Bomio, Felipe
Cabrera, and Juan Pablo Horta (2015), Nicolas
Azambuija, Francisco Carriquiry, Manuel Pérez, and
Ignacio Sicardi (2015), Matias Oborsky and Fer-
nando Pachdn (2016), Karina Gaimari and Elena
Pefagaricano (2017). To Prof. Pablo Soca, Ricardo
Rodriguez Palma, Ana Inés Trujillo, Soledad Orcas-
berro, Fernando Pereyra and, especially, to Dorrel
Bentancur and Oscar Caceres from the Faculty of
Agronomy (EEMAC and EEBR), and Engineers
Juan Cardellino and Gaston Notte from the Depart-
ment of Applied Engineering to Agricultural and Bi-
ological Processes, Udelar.

Transparency of data

Available data: The entire data set that supports the
results of this study was published in the article it-
self.

Author contribution statement

Ana Carolina Espasandin: conceived, designed,
collected information, performed analysis and wrote
the article.

Andrea Larracharte Cardoso: performed analysis of
information, wrote and corrected the article.

Nicolas Pérez: conceived, designed, collected infor-
mation, performed analysis and wrote the article.

References

1. Earle DF. A guide to scoring dairy cow condition.
J Agric. 1976;74:228-31.

2. Vizcarra JA, Ibafiez W, Orcasberro R. Repeatability,
and reproducibility of two scales for estimating
body condition in Hereford cows. Investigaciones
Agrondmicas. 1986;(7):45-7.

3. Azzaro G, Caccamo M, Licitra G, Ferguson JD.
Estimation of cow's body condition score from
images. In: International Workshop on Visual
Observation and Analysis of Animal and Insect
Behavior (VAIB) [Internet]. [place unknown]: ICPR;
2010 [cited 2023 Jul 31]. 4p. Available from:
https://homepages.inf.ed.ac.uk/rbf/VAIB10PAPER
S/gfVAIB2010Final.pdf


https://homepages.inf.ed.ac.uk/rbf/VAIB10PAPERS/gfVAIB2010Final.pdf
https://homepages.inf.ed.ac.uk/rbf/VAIB10PAPERS/gfVAIB2010Final.pdf

R Espasandin AC, Larracharte Cardoso A, Pérez N

4. Ferguson JD, Azzaro G, Licitra G. Body
condition using digital images. J Dairy Sci.
2006;89(10):3833-41. Doi: 10.3168/jds.S0022-
0302(06)72425-0.

5. Bewley JM, Peacock AM, Lewis O, Boyce RE,
Roberts DJ, Coffey MP, Kenyon SJ, Schutz MM.
Potential for estimation of body condition scores in
dairy cattle from digital images. J Dairy Sci.
2008;91(9):3439-53. Doi: 10.3168/jds.2007-0836.

6. Krukowski M. Automatic determination of body
condition score of dairy cows from 3D images
[master’s thesis]. Stockholm (SE): KTH Royal
Institute of Technology; 2009. 89p.

7. Bercovich A, Edan Y, Alchanatis V, Moallem U,
Parmet Y, Honig H, Maltz E, Antler A, Halachmi |.
Development of an automatic cow body condition
scoring using body shape signature and Fourier
descriptors. J Dairy Sci. 2013;96:8047-59.

Doi: 10.3168/jds.2013-6568.

8. Azzaro G, Caccamo M, Ferguson JD, Battiato S,
Farinella GM, Guarnera GC, Puglisi G, Petrigiliero
R, Licitra G. Objective estimation of body condition
score by modeling. J Dairy Sci. 2011;94:2126-37.
Doi: 10.3168/jds.2010-3467.

9. Halachmi [, Klopcic M, Polak P, Roberts DJ,
Bewley JM. Automatic assessment of dairy cattle
body condition score using thermal imaging.
Comput Electron Agric. 2013;99:35-40. Doi:
10.1016/j.compag.2013.08.012.

10. Shelley AN, Lau DL, Stone AE, Bewley JM.
Short communication: measuring feed volume and
weight by machine vision. J Dairy Sci. 2016;99:386-
91. Doi: 10.3168/jds.2014-8964.

11. Tedin R, Becerra JA, Duro RJ, Ismael Martinez
. Towards automatic estimation of the body condition
score of dairy cattle using hand-held images and
active shape models. In: Grafia M, Toro C, Posada
J, Howlett RJ, Jain LC, editors. Advances in
knowledge-based and intelligent information and
engineering systems. Amsterdam: 10S Press; 2012.
pp. 2150-9. Doi: 10.3233/978-1-61499-105-2-2150.

12. Halachmi |, Klopcic M, Polak P. Body condition
scoring using thermal camera. In: Proceedings of
the 20th Conference on Dairy Science. Jerusalem:
ICBA; 2008. pp. 26.

13. Spoliansky R, Edan Y, Parmet Y, Halachm I.
Development of automatic body condition scoring
using a low-cost 3-dimensional Kinect camera. J
Dairy Sci. 2016;99:7714-23. Doi: 10.3168/jds.2015-
10607.

14. Yukun S, Pengju H, Yujie W, Ziqi C, Yang L,
Baisheng D, Runze L, Yonggen Z. Automatic
monitoring system for individual dairy cows based
on a deep learning framework that provides
identification via body parts and estimation of body
condition score. J Dairy Sci. 2019;102(11):10140-51.
Doi: 10.3168/jds.2018-16164.

15.Zin TT, Seint PT, Tin P, Horii Y, Kobayashi |.
Body condition score estimation based on regression
analysis using a 3D, camera. Sensors (Basel).
2020;20(13):3705. Doi: 10.3390/s20133705.

16. Qiao Y, Kong H, Clark C, Lomax S, Su D,
Eiffert S, Sukkarieh S. Intelligent perception-based
cattle lameness detection and behaviour recognition:
a review. Animals (Basel). 2021;11(11):3033. Doi:
10.3390/ani11113033.

17. Song X, Bokkers EAM, Van Mourik S, Groot
Koerkamp PWG, Van der Tol PPJ. Automated
body condition scoring of dairy cows using 3-
dimensional feature extraction from multiple body
regions. J Dairy Sci. 2019;102(5):4294-308. Doi:
10.3168/jds.2018-15238.

18. Cancela P, Reyes F, Rodriguez P, Randall G,
Fernandez A. Automatic object detection using
shape information in ultrasound images. In:
Proceedings 2003 International Conference on
Image Processing. Vol. 3. Tampere: IEEE; 2003.
pp. 417-20. Doi: 10.1109/ICIP.2003.1247270.

19. Arias P, Pini A, Sanguinetti G, Sprechmann P.
Segmentacion con informacién a priori de forma
aplicada a Sistema de Valoracion Carnica [grade’s
thesis]. Montevideo (UY): Universidad de la
Republica, Facultad de Ingenieria; 2005. 150p.

20. Bianculli M, Duffour AY, Lezama J. Proyecto
Ojo de Bife: Extraccidn automatica de informacion
de imagenes color del musculo longissimus dorsi
[grade’s thesis on Internet]. Montevideo (UY):
Universidad de la Republica, Facultad de Ingenieria;
2007 [cited 2023 Jul 31]. 145p. Available from:
https://hdl.handle.net/20.500.12008/2849

21. Arotxarena A, Irazabal P. Clasificacion guiada
de imagenes para la determinacion de la condicion
corporal en ganado Hereford [grade’s thesis on
Internet]. Montevideo (UY): Universidad de la
Republica, Facultad de Agronomia; 2014 [cited
2023 Jul 31]. 47p. Available from: https://hdl.handl
e.net/20.500.12008/8762

Agrociencia Uruguay 2023 27



22. Azambuja N, Carriquiry F, Pérez M, Sicardi I.
Validacion y clasificacion guiada de imagenes para
la determinacion de la condicion corporal en
ganado Aberdeen Angus y cruza Angus-Hereford
[grade’s thesis on Internet]. Montevideo (UY):
Universidad de la Republica, Facultad de Agronomia;
2015 [cited 2023 Jul 31]. 39p. Available from:
https://hdl.handle.net/20.500.12008/8722

23. Bomio S, Cabrera F, Horta J. Validacion del
programa cond_corp en el rodeo Hereford de la
Estacion Experimental Mario Alberto Cassinoni
[grade’s thesis on Internet]. Montevideo (UY):
Universidad de la Republica, Facultad de Agronomia;
2015 [cited 2023 Jul 31]. 51p. Available from:
https://hdl.handle.net/20.500.12008/8718

24. Armand-Ugén J, Invernizzi A, Secco A.
Generacion de una base de datos en el programa
Cond_corp para la raza Braford [grade’s thesis on
Internet]. Montevideo (UY): Universidad de la
Republica, Facultad de Agronomia; 2016 [cited
2023 Jul 31]. 50p. Available from:
https://hdl.handle.net/20.500.12008/19724

Agrociencia Uruguay 2023 27

&

Espasandin AC, Larracharte Cardoso A, Pérez N b

25. Oborsky M, Pachén F. Validacién de la
metodologia del programa cond_corp para la
calificacion de la condicién corporal en vacas de
diferentes genotipos en situaciones reales de
produccion [grade’s thesis on Internet]. Montevideo
(UY): Universidad de la Republica, Facultad de
Agronomia; 2016 [cited 2023 Jul 31]. 38p. Available
from: https://hdl.handle.net/20.500.12008/19706

26. Gaimari K, Pefiagaricano E. Entrenamiento en
la calificacion de la condicidn corporal mediante el
software Cond_corp [grade’s thesis on Internet].
Montevideo (UY): Universidad de la Republica,
Facultad de Agronomia; 2017 [cited 2023 Jul 31]. 50p.
Available from: https://hdl.handle.net/20.500.12008/18
647

27. Ministerio de Ganaderia, Agricultura y Pesca,
SNIG (UY). Conceptos sobre trazabilidad individual
[Internet]. Montevideo: MGAP; 2022 [cited 2023 Jul
31]. Available from: https://www.snig.gub.uy/princip
al/snig-principal-trazabilidad-trazabilidad-individual-
prueba



