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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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Fig.1. Developed sensor in Biosystem Engineering Department of Tabriz University
1- RTC battery holder, 2- Accelerometer, 3- Seven segment, 4- SDcard, 5- RTC, 6- On and off button, 7- Clock display
buttons, 8- Microcontroller, 9- Reset button
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Table 1- Calculation factors

3, BTl
Row Factor

Ao (g,
Calculation method

1 max.10.max

fg i 4 bgrpe 03 Vo ya Ay

The maximum of every 10 data related to the maximum column

2 max.10.mean

Wl (g 4 bgpe 033V 2 (1:Ske

The average of all 10 data corresponding to the maximum column

3 mean.10.max

OSbe (g 4y baspe 0dld Vo iy

The maximum of all 10 data corresponding to the average column

4 stdv.10.stdv

o GBlyzl gt 4y bgyye 0dld Vo ya jlixe Bl ool

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

5 stdv.10.mean

o Gl 5y e 0305 1+ o Sk

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

6 stdv.10.max

S SBlimil (gt & baape 033 Ve o dlidy

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

7 max.50.mean

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

8 var.50.mean

The variance of the 50 data for columns X, Y, and Z were calculated, and their average was determined.
O Egee 01alCundd 031 s b (gl e g 05 Awlie jlimecdl il ¢ g Cygots Z oY X lagio 4 bgspe 03> 0 ya ]

9 stdv.50.sum

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

determined.
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10 stdv.50.mean

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

Prvqt alw! [LVOV) PV S 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
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Table 3- Evaluation criteria for different sensor installation positions

» “exSge Wl e - F-Score
Sensor position Threshold Sensitivity Precision
ol
T 0.4 0.91 0.75 0.82
Dewlap
WAIRY
P 0.4 0.90 0.64 0.75
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Fig.2. ROC curves for two sensor installation modes

Y = —2.31959 — 0.07270 max.50. mean
— 5.79403 stdv.50.sum (Y)
+ 20.33501 stdv.50.mean
—0.30176 var.50.mean
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Table 4- Muzzle sensor evaluation criteria
915 o lowd P Cyrdge abiwl CHVI WS Cove Lo
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
] o3l 5
T Sy Muzzle 0.7 0.90 0.91 0.91
Combining data from three cows
taodl> J5 Muzzle 0.6 0.88 0.94 0.91

All data
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Fig.3. ROC curve of modeling with four factors for different cows
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Table 5- Sensor performance test results
LJ?U“ ) [ M&J.. S M):
Analysis Detection percentage (%)
Slaads 0 o)luilial b S Jgl 59y il 875
Analysis of the first day of the sensor with a 5-minute standard '
(14883 8 3kl b S 29 59y ulos 93
Analysis of the second day of the sensor with a 5-minute standard
8y ()l p b S Jgl 59y Jelos 86
Analysis of the first day of the sensors with behavioral tagging
1) Gz b s po3 o) Jobss 87
Analysis of the second day of the sensors with behavioral tagging
395 90 IS oS 5 s Juboo o

Analysis of the results of the combination of two days
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Table 6- Model evaluation criteria for each day's data

@w .. " w ..
. o F-Score
Results Sensitivity Precision
First day of sensor performance with behavioral tagging ' ' '
)l;'é) d)“‘@w)" L' )§""‘> ‘3/‘i‘l""c £9° )9, 0.86 0.90 0.88
Second day of sensor performance with behavioral tagging ' ' '
Sy g ez b oy 90 Sy
: 0.88 0.90 0.89
Combining two days with behavior labeling
slaads b 5)lbisl b S 5,Slas Jol 59, 1 066 080
The first day of sensor performance with a 5-minute standard ' '
sladds 0 5)lulinl b S 5)Sles g0 39,
. . 0.94 0.94 0.94
The second day of sensor performance with a 5-minute standard
Slaad> 0 )kl b g5 93 S
0.95 0.87 0.91
Combination of two days with 5-minute standard
W AN dlidaiu gi Sua Alaas o Slac s

Slggeis slayldy cunyd g olidl gla yaseis Sl 4 a>g5 L
P dLO:D.)].) LSI)'f X W) J.ol> F-Score 9 wwl.wo oo )J.)LO.A

Sloads la A Jsd> ) 59,

O3l 3590 59 dus (b 3 el 03l Bido 4y 2la S

22 oloj 5 o5 Wyl plo b jlosets Jld) el ogMe 085 1,8
Srar g0l 4B 0 jo (b )3 o5 (slaylid) (Ko bawgs )18,
5 eddopdd slmodly By 5l sy )8 cudlaol g odalin
Jos gy 4 Sl Zoll ¢ wd oS godls b w)ls LS%)*"

o e 5 Sles ol -V Joso

Table 7- Final sensor performance results

Analysis  Juo

Detection percentage  yadwid &y

Jol 55y slaodls llas

Match the first day's data
p93 jo) sbrodly las

Match the second day's data

Py joy sloodls Gl

Match the third day's data

595 4w sboodly lgzeis (gbrodly Julow
Data analysis of rumination data of three days
59 4w sodly Hlgeis e gbrodly Julow
Non-rumination data analysis of three days' data
Joydw glaosls JS' Llos

Total data analysis of three days

%86.08

%90.07

%91.95

%90.67

%88.81

%89.47
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Table 8- Model evaluation criteria for final sensor data

@.w . " L"é .
. o F-Score
Results Sensitivity  Precision
Jsl sy 0.92 0.72 0.81
First day
P9 392 0.94 0.82 0.88
Second day
Py 392 0.89 0.91 0.90
Third day
Rl 0.91 0.82 0.86

Three day composition
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