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ABSTRACT

Disruptive technologies are of great relevance for the
advancement of animal science. Dairy cattle farming is of
uttermost importance in the global scenario, but hindrances
such as mastitis have been causing losses in the sector. This
study aimed to develop and validate an algorithm for threshold-
based segmentation of thermal images and automatic
classification of clinical cases of bovine mastitis. The research
was conducted at two milk production units located in the
municipalities of Capoeiras and Pesqueira, Pernambuco,
Brazil. The number of samples was determined according to
the selection criteria and totaled 120 animals (40 healthy
animals, 40 animals with subclinical mastitis, and 40 with
clinical mastitis). Thermal images of the animals' udder were
made with an infrared thermographic camera; the shots were
taken from the front left, front right, rear and lower mammary
quarters, with four images per animal, totaling 960 thermal
images for analysis of said quarters. For automatic
segmentation of images, an algorithm in C++ language was
developed using the OpenCV library to identify the
temperature referring to each pixel on the image through
interpolation by the technique of pixel thresholding and
quantification in the analyzed interval (t to tmax) of each image
. Healthy animals presented 11,034 to 21,521 pixels. Animals
with subclinical mastitis presented 12,582 to 40,032 pixels. In
those with clinical mastitis, pixels ranged from 45.223 to
49.451. The algorithm for automatic segmentation allowed
distinguishing the images of healthy animals from those of
animals with subclinical and clinical mastitis. The routine
implemented for determining the temperature of each pixel on
the image was coherent, derived from results obtained through
Flir Tools software.
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1. INTRODUCTION

The adoption of new technologies is of great importance in
advancing animal science. Currently, one of the challenges in
this area involves determining reliable means for measuring the
general status of animals [3].

Dairy cattle farming is an activity of major relevance in the
global scenario, but hindrances such as mastitis have been
causing losses in the sector. The economic impact of its
occurrence on milk production systems gathers a set of factors
responsible for damages, flock productive losses, costs
associated with treatment for clinical cases, discards and
premature death of animals, loss of quality and industrial yield
of milk in natura and its by-products. [5].
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Mastitis is an inflammation resulting from contagious or
environmental pathogens that colonize cow teats during the
lactation period and manifests in clinical and subclinical forms.

In its clinical form, signs are perceptible and usually include
sensitivity to touch on the udder and changes in milk
characteristics. In its subclinical form, signs are imperceptible,
and it can be detected by means of practical on-field or
laboratory tests [11].

Noninvasive exams such as infrared thermography (IRT) can be
used for obtaining reliable data as it generates thermal images or
thermograms, through which it is possible to therefore assess
and determine the physiological and/or pathological meaning of
a temperature variation on the surface of an animal's udder [3].

Early detection of symptoms is essential for a more efficient
management of the challenge that mastitis in dairy cattle is. As a
result, most researches addressing health detection are based on
surface temperature measurements using thermal cameras
[21][14][16][8][10]. Bovine mastitis can be detected based on
udder surface temperature variation before the first clinical signs
appear [11][4][18][5].

From the moment a digital image is obtained, computational
vision allows extracting information through protocols of
operations and/or transformations, which may result in a new
image representation until signs and patterns that help in
decision making processes are obtained [7]. In this context,
image segmentation consists of dividing an image into a set of
pixels based on the similarity shared by the pixels of said image.
The identification of image sections based on pixels with
similarities in terms of intensity values constitutes thresholding-
based methods. Studies like those by [17] and [20] used
segmentation of thermal images with emphasis on early
diagnosis of diseases, achieving satisfactory results.

Thus, this study aimed to develop and validate an algorithm for
thresholding-based segmentation of thermal images and
automatic classification of clinical cases of bovine mastitis.

2. RELATEDWORK

2.1 Acquisition of images

The research was conducted at two milk production units located
in the municipalities of Capoeiras (8° 36” 33” S latitude, 36° 37’
30” W longitude and altitude of 733 m) and Pesqueira (Latitude:
8° 21' 35" South, Longitude: 36° 41' 42" West, 652 m), Agreste
Mesoregion, Microregion of Vale do Ipojuca, state of
Pernambuco, Brazil.

The average rainfall in the region is 588 mm per year, with
average annual temperature of 22.1°C. According to the Képpen
climate classification, the climate of the region is characterized
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as Bsh, semiarid [22].The number of samples was determined
according to selection criteria — animals with same birth order,
lactation stage, body score, production, blood group — and

The animals' clinical condition was established by the
California Mastitis Test (CMT), before milking (after the first
milk gushes were discarded), because it is when milk fat
content is low and does not interfere with the CMT score visual
results. The test was run for each mammary quarter, with the
attribution of scores ranging from 0 to 5; at score 0, no
precipitate formed (healthy); at score 1, there was a light
precipitate (infection trace); at score 2, there was moderate
precipitate (subclinical mastitis); at score 3, there was a clear
precipitate, but without gel formation (subclinical mastitis); at
score 4, there was a clear gel formation (subclinical mastitis);
and at score 5, there was a pronounced gel formation
(subclinical mastitis). To limit subjectivity in interpretation of
results, only scores 2 to 5 were considered for selection of
animals with subclinical mastitis.

To detect clinical mastitis cases, the 'dark-bottomed mug' test
was run. It allowed noticing visible changes in the milk (lower
secreted volume, lumps, pus, or aqueous aspect). In addition,
the animals were checked for sensitivity to touch on the udder
and teats due to an inflammatory case.

Thermal images of the animals' udder were taken with an
infrared thermographic camera — resolution of 0.01°C, focal
length of 1.0, and emissivity adjusted to 0.98 [5]. The images
were taken in the morning, before the first milking, between
05:00 and 07:00, at the first place, of the front left quarter,
front right quarter, rear quarter and lower quarter, with four
images per animal —, and then again at 10:00 and 12:00, at the
second place, where shots of the rear and lower quarters were
taken. For the other quarters (left and right front sides), no
image was taken because, at the second place, the milking
parlor had a structure that only allowed making images of the
rear and lower mammary quarters, totaling 360 thermal images
for analysis (Figure 1).

Figure 1. Thermal images referring to the clinical pictures
and perspectives used in the analysis

The thermal images were visually analyzed using the
FlirQuickReport® program, with adjustment of the emissivity,
ambient temperature and relative humidity values obtained at
the time the images were recorded. Meteorological variables
(ambient temperature and relative humidity)were recorded
using a HOBO U12-12Datalogger.
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totaled 120 animals (40 healthy animals, 40 animals with
subclinical mastitis, and 40 with clinical mastitis).

2.2 Descriptive statistics

First, the mammary quarters (anterior right, left, posterior left
and right) were analyzed using descriptive statistics to observe
the temperature variation between the rooms of the different
clinical pictures (mean, median, standard deviation, coefficient
of variation, kurtosis and normality) The criterion adopted to
determine the coverage area of each mammary quarter was
developed from a Cartesian plane measuring 2.4 x 0.75 mm?,
adopting a spacing of 5 mm for each pixel, referring to the
surface temperature values for the composition in the selected
area, disregarding the edges; thus, a 25 x 80 mm matrix was
generated with 102 sampled points (Figure 2).\

Matrix 25 x 80 mm

Direction Y

Direction X

Figure 2. Sampling grid with X and Y coordinates with 102
points (A) referring to the surface temperature of the
selected area (B) on the mammary quarter

2.2 Image analysis
For automatic image segmentation, the images were converted
to shades of gray (figure 3).

For automatic image segmentation, an algorithm in language
C++ was developed using OpenCV, a multiplatform library used
for processing images. This algorithm aims to provide the
temperature referring to each pixel of the image through
interpolation (Eq. 1).

__ tmax—tmin
255

t * C 4+ tmin(1)

in which: .

t —threshold ( C);

tmax — maximum interval of temperature on the image
(°C);

tmin — minimum interval of temperature on the image (°C);
C — (tave - tmin) / ((tmax - tmin) / 255.0);

In image segmentation, an image is divided into a set of areas
based on similar resources shared by the pixels of said image.
The process consists of segregating the image into sections in
order to perform tasks on the segmented area [6]. The
identification of image sections based on pixels with similarities
in terms of temperature values constitutes the basis of the
thresholding method.

[9] defines thresholding as an operation that involves tests of a
T function of the form (Eq. 2).

T=f(xy,p(x¥)Q)

in which f(x, y) is the level of gray at the point (X, y) and p (X,
y) denotes a local property of said point. A thresholded image
g(x, y) is defined as (Eq. 3).
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g y) ={liffx,y > T;0if fx,y < T(3)

Therefore, pixels labelled as 1 (or any other convenient level of
gray) correspond to the background, while those labelled as 0
correspond to the temperature from t to tmax. When T depends
only on f (X, y), the threshold will be called global. If T
depends on both f (X, y) and p (X, y), then the threshold will be
called dynamic. To validate the algorithm, comparisons were
made between the temperatures obtained through the algorithm
and the results obtained by software Flir Tools. Function
CountNonZero was used for counting elements zero of the
matrix. Interpolation takes into consideration the upper and
lower limits of the image (tmax and tmin), with t being the
temperature to be determined. In this case, black pixels
represent temperatures in the range from t to tmax. White
pixels comprehend temperatures in the interval from tmin to t.

3. RESULTSANDDISCUSSION

When checking the values of the descriptive statistics of the
mammary quarters, differences were observed between the
clinical pictures.

Table 1 Descriptive statistics for udder surfxce tempersture m cows with subglmical
maitis
Udder surksce temperdure (-0)
Subclmicamastitis
1 1 3
Descriptiveparamaters Mammary quartars I quates Mammaryquatters
KL Rk |FR_FL |RL |RR FR |FL KL KK |FR_|IfL
e (°C) 3055 3140 1930 337 3724 313% 1980 3464 3383 3336 3023 H.63
Median (°C) 3132 3197 29.16 3343 3225 3212 29.82 3495 3383 3383 2995 29.95
5D 12 (178 178 (067 0.62 144 095 |1.07 (068 0.32 (052 0.76
Varance 145 (319 751 045 038 208 09 1.4 046 0.1 (086 058
oV 389 568 935 202 151 457 319 (308 1 095 306 157
Curbais -048-025 -1.07 025 |-0.61-099 -021 |-058 -007 0.5 |-132|-L@2
Nommality w5 %3 ws =s  ss w5 =% 2% |3 s %z %=
FL; Rear leit quarter, RF. - Foear Tight quarter, FE. - Front night quarter; FL ; Fiont lefl quarter,
3D Standand deviation; CV - Cosfficient of variation; **nomality at 5% significance.

The average temperatures on the surface of the mammary
quarters with subclinical mastitis (score 5) were: 34.64°C +
0.67 (front left side), 33.85°C + 0.68 (rear left side) and
33.36°C + 0.32 (rearight side), respectively (Table 1). Neg-
ative mammary quarters presented temperatures ranging from
29.3°C + 1.78 to 31.58°C + 0.62 (Table 2). According to Polat
et al. (2010), quarters with sub- clinical mastitis presented a
surface temperature 2.35 °C higher than that of healthy
quarters. However, the values found were 35.80°C for quarters
with mastitis, and 33.45°C for healthy quarters, diverging from
the values found in this study — 5.3 to 4.55°C above the surface
temperature of healthy udders. [2] reported temperatures lower
than those found by [13] for subclinical mastitis. Udder
temperature variation magnitude is associated with infection
stage and room temperature during thermal image capturing.

With respect to the analyzed images, there was a higher
occurrence of animals with mastitis on the front left quarter
(FL); the temperature of these quarters presented a higher
mean, smaller variation, with the coefficient of variation (CV,
%) indicating low variability and smaller standard deviation
values, followed by the rear left quarter (RL), the front right
quarter (FR), and the rear right quarter (RR). According to [18]
a CV < 15% indicates low variability.
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The animals classified with clinical mastitis had an average
udder surface temperature of 37.58+0.33C to 37.11%
0.61°C(Table 3). Mammary quarters with clinical mastitis
presented higher temperatures when compared to those quarters
with subclinical mastitis and healthy ones (Tables 1 and 2).
Values for coefficients of variation indicated low variability
(Warrick& Nielsen, 1998), and so did the standard deviations.
Kurtosis values were negative, indicating a less steep normal
distribution curve. This allows inferring that the evolution of the
infectious case raises the udder surface temperature with a
reduction in data spatial variability.

Animals classified as having clinical mastitis presented average
udder surface temperature of 37.58 + 0.33°C to 37.11 + 0.61°C
(Table 3). Mammary quarters with clinical mastitis presented
higher temperatures when compared to quarters with subclinical
mastitis and healthy ones (Tables 1 and 2). Values for
coefficients of variation indicated low variability [23].

Table 3. Descriptrre analysis for udder aurface temperature in cows classified with climical
mastitis
Udder surface temperatire {°C) Clinical mastitis
2
Nammaryquarters

1 3
Descriptive Mammaryquarters Mammary quarters

parmnctes

FL FR FR FL KL KRR FR FL RL KR FR FL
Wean (7C) 70T 3720 3727 3730 3745 3748 3747 3747 3751 3758 3055 31%6
Median (°C) | 37.25 | 37.27) 37.32| 37.30| 37.50| 3751|3749 3752|3757 3762 | 37.57 37461
sD 061 |036 |046 038 | 037 035 038 [0.35 |0.33 [0.33 036 036
Varance 037 (031 |021 [015 |014 013 (015 [0.12 (011 (011 |013 (013
CV Ga) 002 |002 | 001 |0.01 |0.01 |0.01 |0.01 |0.01 |0.01 |0.01 |0O1 |001
Curtosis 235 370 336 106 060 061 -040 -099 -104 -086 -073 -0.39
Normality =3 =z ®x == == %= %=z % =% | ®® =z =%
EL - Fear left quarter, ER - Fear neht quarter; FR. - Front right quarter; FL - Front left
quarter; 5D - Standard deviation; CV - Coefficient of variation; **nomality at 3% sig-

nificance.

Table 2 Dexcriptive analysis r udder surface healthy cows.

Udde surface temperature (°C)
Healthy

<
Mammary qusten
Mexn "0 3018 3083 3083 3283 ITI3 3048 30T I825 3338 1604 2528 B8
Median (*C) 3034 3050 30.86 32.80 30.8530.18/27.79/2783 3351 2843 292 29.67
SD 14 221 170 077 [154 174 (102 {253 081 13 113 018
Varance 195 49 291 0359 375 (303 [1.04 639 066 1.6 129 003
CV (% 463 723 553 236 622 571 (365 893 244 46 388 061
Curbsis -0.61 -096 -123 -028 -1 -079/-128 -129 069 -085 -09 004
e L T T T T T T R e T R TR
WL Fear Ve quarter, R Fear right quarter, FIL. Front fght quarier, FL . Front Jefl quaster,
SD: Standard deviation; CV - Coefficient of vari ation; **nommality st 5% sigeificance.

Descrptiveparameters Nammaryquarters Tammaryquarters

The algorithm for automatic segmentation allowed selecting a
few areas on the thermal image that were associated with values
above the threshold, within the interval from 34 to 38.6 °C.
Specific representative values below the threshold, from 13 to
34 °C, were selected as well (Figure 3). Thus, it was possible to
compare the methodology used and software Flir Tools of the
thermal camera.

Figure 3. Images obtained by the algorithm for segmentation
and thermal images used for validation through software
Flir Tools for the front right quarter (A), front left quarter
(B), rear quarter (C) and lower quarter (D)

On the thermal images, temperature variation is indicated based
on a color palette. The udder area with predominance of red over
white indicates high temperatures (34 to 38.6 °C). Thermal
changes on biological bodies, such as those of the animals used,
by means of thermal images, allow checking the degree of
smoothness as to the transition of a color, frequency, into
another, which allows identifying an inflammation condition.

Studies like those by [17], [6], [1] and [20] proved the efficiency
of the thresholding method for use thermal images, with
emphasis on early diagnosis of cancer and for counting somatic
cells in bovine milk, by means of images obtained directly from
an optical microscope.
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Image segmentation for different clinical cases allowed
determining the area referring to pixels 0 (interval from 34 to
38 °C) in order to distinguish images of healthy animals, and of
animals with subclinical and clinical mastitis, through function
CountNonZero of OpenCV (Figure 4).

Figure 4. Segmentation result based on temperature t = 34
°C for healthy animals (Al,BI, ClI, DI), animals with
subclinical mastitis (All,BI1,CI1,DII) and animals with
clinical mastitis (CI11, DIII)

Healthy animals presented variation from 11,034 to 13,570
pixels above the threshold for rear quarters (Figure 5CI),
12,940 to 13,113 for front right quarters (Figure 5BlI), 10,345
to 11,279 for front left quarters (Figure 5Al), and 20,345 to
21,521 for lower quarters (Figure 5DI). These values
correspond to 19.15 to 37.36% of the total of pixels of the
image (240x240).

For cases of subclinical mastitis, there was variation from
12,582 to 15,678 pixels on the rear quarters (Figure 5CII),
13,433 to 14,567 for front right quarters (Figure 5BII), 13,456
to 14,532 for the front left quarters (Figure 5AIl), 38,791 to
40,032 for lower quarters (Figure 5DII). The percentage
representation varied from 21.84 to 69.5% of the total of pixels
(57,600).

In animals with clinical mastitis, the average of pixels ranged
from 45,223 to 46,487 for the rear quarters (Figure 5CII). For
the lower quarters, it ranged from 48,824 to 49,451 (Figure
5DIII). The percentage representation varied from 78.5 to
85.85% of the total of pixels. Studies such as that by [15] found
quarters positive for subclinical mastitis with surface
temperature 2.35°C higher than that of healthy quarters.

The criteria for validating the thresholding technique presented
an accuracy of 86.57%, sensitivity of 83.45%, and specificity
of 60.4%; the factors that most influenced the process of
distinguishing images based on clinical condition were image
capture angle, operator's position and environment influence,
because the images were obtained at different places, hours,
and on different days.

4. CONCLUSIONS

The algorithm for automatic segmentation by thresholding
automatically identified the temperature of each pixel, which
allowed classifying clinical cases of mastitis in dairy cattle.
The verification of the performance of the segmentation
technique for thermal images, based on software Flir Tools,
presented good results.

Image capture angle, operator's position and image capture
time were deemed as factors that interfered with the process of
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distinguishing the images; it was possible to improve the
validation criteria of the adopted technique by attenuating these
external disturbances.
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