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Introduction

The livestock sector excels in the production of dairy and meat products. These products, serving as vital
sources of animal protein, hold a significant position in household diets. The significance of these two products
in the food basket has heightened awareness around animal health. Regularly tracking rumination time serves as
a vital and insightful measure to obtain information about the rest and overall health of an animal. This
information enables prompt intervention for health or nutritional issues, allowing for earlier management
adjustments and veterinary care to effectively combat the onset of disease. In the past, rumination was usually
monitored through visual observation by on-site staff or through videos recorded by cameras installed on the
livestock. Nowadays, the growing scale of livestock farms makes it impractical to effectively monitor the
animals individually. The traditional method of visual observation demands the continuous presence of livestock
professionals and is extremely time-consuming. Currently, sensors and digital technologies have become
important tools for accurate animal husbandry, enabling real-time monitoring of rumination. A review of the
research in the field of precision animal husbandry shows that many efforts are being made to develop precision
monitoring sensors to overcome the mentioned problems. Continuous and automatic monitoring of animal
behavior through sensors can offer valuable insights into nutrition, reproduction, health, and overall well-being
of dairy cows.

Materials and Methods

In this research, an accelerometer-based sensor was developed and used in the precision agriculture
laboratory of Tabriz University, Iran. The sensor was installed in three different positions on the cow's body to
collect data. Important factors were calculated from the raw data, and the modeling was done using the logistic
regression method. The logistic regression model was trained to distinguish rumination from the other cow's
behaviors. The developed model was evaluated using the receiver operating characteristic (ROC) curve, and
three other evaluation criteria: precision, sensitivity, and F-score. Finally, the performance of the final model and
sensor was evaluated in the field for a few days.

Results and Discussion

After calculating the evaluation criteria for different calculation factors, four optimal factors were finally
selected from the 50 arrays. Muzzle mode was found to be the best place to install the sensor. Logistic regression
was the best modeling method for binary classification between rumination and other behaviors. The evaluation
criteria of the model in the proposed sensor are the highest, and the values of sensitivity 88%, accuracy 94%, and
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F-score 91% were obtained through logistic regression analysis. The final test results of the model revealed that
the sensor demonstrated an impressive detection capability of 89.47%. Furthermore, the developed system
exhibited strong alignment with the actual field observations, highlighting its effectiveness and reliability.
Finally, the results of the current study were compared with other studies in the literature.

Conclusion

This study investigated recording and monitoring rumination behavior using an accelerometer, which can
help prevent financial losses in cattle farms. After examining different mounting locations of the sensor, it was
found that the muzzle position provided more accurate detections than the other mounting locations. The final
model was created using the statistical factors and the calculation of the evaluation criteria. The results showed
that the proposed model provided more correct diagnoses and achieved the optimal solution.
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Table 1- Calculation factors

3, Tl Al g,
Row Factor Calculation method
1 max.10.max i i 4 bgape 0313 10 2 aiin

The maximum of every 10 data related to the maximum column

2 max.10.mean

by (g0 & bgiype 03 10 12 (:S3Lo

The average of all 10 data corresponding to the maximum column

3 mean.10.max

Sile g 4 bgsye 03l 10 jm arit,

The maximum of all 10 data corresponding to the average column

4 stdv.10.stdv

Jhino o0l s & Logsyo 035 10 1o Jlne il

The standard deviation of all 10 data corresponding to the standard deviation column

5 stdv.10.mean

oo SBlidl g 4 by 03 10 40 Sile

The average of all 10 data corresponding to the standard deviation column

6 stdv.10.max

oo Slizol (gt 4y bgyye 031 10 0 ity

The maximum of every 10 data corresponding to the standard deviation column

7 max.50.mean

b e pSolse o3elinddy 0305 dus yB (glpy e 5 005 dusslite Aty ¢ Jgiw S ygods Z gY X (gl ygin 4 bgyye 03550 ya ;|

The maximums of the 50 data for columns X, Y, and Z were calculated, and their average was determined.

8 varsomean " oS Sl odalcnddy 0313 dus i (glpy e g 005 dumlime (wibyly (o ygods Z 5Y X (slaysin 4 bysye 031550 a |
The variance of the 50 data for columns X, Y, and Z were calculated, and their average was determined.

et Ego5te 01olCemddy 0313 dus b (gl e g 00 dumslie jlnecdl 5l gt ygods Z oY X (slaiygin 4 bgsye 03350 a |

9 stdv.50.sum

)

The standard deviation of the 50 data for columns X, Y, and Z were calculated, and their sum was

determined.

O pSilee odaliansdy o3l du ya (clpy s g 005 drwliee Hlrecdl il ¢ Sgts gt Z oY X slaygin 4 bgyye 031 50 4o )

10  stdv.50.mean

v

The standard deviation of the 50 data for columns X, Y, and Z were calculated, and their average was

determined.
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Table 2- Factors evaluation criteria

456 alw! ol Cowe F-Score
Factors Threshold  Sensitivity Precision
Mean.10.max 0.4 0.95 0.49 0.64
Max.10.max 0.3 1 0.57 0.72
Max.10.mean 0.3 0.98 0.57 0.72
Stdv.10.stdv 0.4 1 0.50 0.66
Stdv.10.max 0.4 1 0.54 0.70
Stdv.10.mean 0.3 0.95 0.53 0.68
Max.50.mean 0.4 0.88 0.77 0.82
Stdv.50.sum 0.4 0.94 0.82 0.88
Stdv.50.mean 0.4 0.94 0.82 0.88
var.50.mean 0.5 0.94 0.84 0.89

S ilizeo s gl Ko b)) glo)line =3 Jgu
Table 3- Evaluation criteria for different sensor installation positions

aluwl

s’ ..“ “99‘ . ‘ ..:
. Co . F-Score
Sensor position Threshold Sensitivity Precision
ol
i 0.4 0.91 0.75 0.82
Dewlap
WASIRY
S 0.4 0.90 0.64 0.75
Next to the ear
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Installing the sensor in dewlap

Installing the sensor next to the ear

Fig.2. ROC curves for two sensor installation modes
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True positive rate

True positive rate
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Table 4- Muzzle sensor evaluation criteria

False positive rate

95 A S5
Combination of three cows

False positive rate
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Cow number 6

dilisea soglS 1y ;556 Lo b (ojlw e ROC i =3 KW
Fig.3. ROC curve of modeling with four factors for different cows
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Cow number Sensor position  Threshold  Sensitivity  Precision
4 Muzzle 0.6 0.84 0.87 0.85
5 Muzzle 0.6 0.91 0.95 0.93
6 Muzzle 0.6 0.95 0.95 0.95
35 e slaodls S 5 Muzzle 0.7 0.90 0.91 0.91
Combining data from three cows
taosls J Muzzle 0.6 0.88 0.94 0.91
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Table 5- Sensor performance test results

Sl YSRGS o 4D
Analysis Detection percentage (%)
laids 5 bl b S Jgl 59y Julos 87.5
Analysis of the first day of the sensor with a 5-minute standard
LS‘MQ 5 J)D‘L-W‘ L )i“‘> £9°59) A.J“'b‘" 93
Analysis of the second day of the sensor with a 5-minute standard
S8y ()l b S Jgl 59y Jelos 86

Analysis of the first day of the sensors with behavioral tagging

) )l b R p93 59y Julos 87
Analysis of the second day of the sensors with behavioral tagging

39 90 JS S 5 il oo

85
Analysis of the results of the combination of two days
59 2 sodls (gl Juo (2b5)) slaylne =6 Jgun
Table 6- Model evaluation criteria for each day's data
=W Cowlas G L siore
Results Sensitivity  Precision
. )LB) LS)DS""““%)’ L )5‘““"3 3-)5"L°“ A.J5‘ )5) ) 0.92 0.77 0.84
First day of sensor performance with behavioral tagging
)L_é) d)‘f‘-"““?f L )5"‘““l> 3}5‘1‘“& £9° )5) ] 0.86 0.90 0.88
Second day of sensor performance with behavioral tagging

Pl R TR R09) 90 TPy

0.88 0.90 0.89
Combining two days with behavior labeling
M35 5 5l b S 3 Shee Jol 55, 1 0.66 0.80
The first day of sensor performance with a 5-minute standard ' '
s> 5 218kl by S a)ﬁ‘fs £3° 59 ) 0.94 0.94 0.94
The second day of sensor performance with a 5-minute standard

slids 5 bl b 59y 93 G 0.95 0.87 0.91

Combination of two days with 5-minute standard
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Table 7- Final sensor pe

rformance results

Jlesi GBS ey
Analysis Detection percentage
Jol 595 sleesly gl o
) %86.08
Match the first day's data °
P52 39 sod> s 9
%90.07
Match the second day's data °
P 9) slaosls d‘ua‘ 991.95
Match the third day's data v
59y 4w sboodld jlgzuis (glaosly Julow %90.67
Data analysis of rumination data of three days
59 4w slodld jlgseis e glaodly Julow %88.81
Non-rumination data analysis of three days' data '
59y 4w glrodl> IS Julow 89.47

Total data analysis of three days

@& S sloodly (gl J1o b)) slajliae =8 Jgua
Table 8- Model evaluation criteria for final sensor data

=W ol Come
. . F-Score
Results Sensitivity  Precision
Jsl 35, 0.92 0.72 0.81
First day
P9 392 0.94 0.82 0.88
Second day
P9 39) 0.89 0.91 0.90
Third day
J9y e 5 5 0.91 0.82 0.86

Three day composition
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