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Abstract: Monitoring sheep’s behavior is of paramount importance, because deviations from normal
patterns may indicate nutritional, thermal or social stress, changes in reproductive status, health
issues, or predator attacks. The night period, despite being a more restful period in which animals are
theoretically sleeping and resting, represents approximately half of the life cycle of animals; therefore,
its study is of immense interest. Wearable sensors have become a widely recognized technique for
monitoring activity, both for their precision and the ease with which the sensorized data can be
analyzed. The present dataset consists of data from the sensorization of 18 Serra da Estrela sheep,
during the nocturnal period between 18 November 2021 and 16 February 2022. The data contain
measurements taken by ultrasound and accelerometry of the height from neck to ground, as well as
measurements taken by an accelerometer in the monitoring collar. Data were collected every 10 s
when the animals were in the shelter. With the collection of data from various sensors, active and
inactive periods can be identified throughout the night, quantifying the number and average time of
those periods.

Dataset: https://figshare.com/articles/media/OneDrive_1_19-07-2022_zip/20339154.
Dataset License: CC BY 4.0.

Keywords: sheep sleep; posture monitoring; inertial sensors; ultrasound distance sensor

1. Introduction

Ewes typically compete for resources, such as feed distribution points, access to water,
favorite resting places, and the freedom to move around [1]. Sheep have a regular and
synchronous schedule of activity and resting [2], which can be used to indicate social
stress/ welfare. Acquiring data representative of those activities is important to identify de-
viant patterns that could be associated with feeding (e.g., eating and ruminating times [3-5],
sleeping patterns [6], social interactions (e.g., dominance relationships [7], reproduction
(e.g., rams’ mating activity [8], estrus [9] or lambing [10]), and health (e.g., lameness [11] or
parasitic diseases [12]).

The monitoring of ruminant’s activity has been studied in the last ten years [13,14],
through monitoring and human observation, through the combination of video surveillance
methods and artificial intelligence techniques, and through the use of equipment with
inertial sensors, such as accelerometers and gyros [15].

These works of monitoring and studying animal activity, despite being extensive
and profound, have been focused on the daytime period, which is important because
it allows the study of social behavior [16], intake [17], analysis of food preferences, but
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do not account for sheep’s nocturnal activity, which represents half of the animal cy-
cle and consequently, has an enormous financial impact and affects the efficiency of
livestock activity.

The literature related to animal behavior at night is scarce, and its analysis allows us
to find mostly works across a few decades [18] carried out through human visual observa-
tion, in which the falling asleep and waking up cycles are described [18] and the energy
expenditure is defined in the sleep and drowsiness periods [19], but without statistically
specifying in detail the periods of sleep [20], sleepiness, or the usual activity linked with
the animals’ nocturnal behavior. Some studies focused on the changes to the nocturnal
behavior of animals due to diseases such as anemia [21], acute hypoxia [22], and Hunting-
ton’s disease [23] during the kidding process, and therefore cannot be representative of
sheep’s behavior during the sleep period.

The present work describes a dataset of sheep activity monitoring data that was
created using a collar equipped with inertial sensors and by measuring the height of the
neck to the ground through ultrasounds. The monitoring that enabled the creation of this
dataset was carried out mostly at night, when the animals were stabled. The description of
the dataset structure and the statistical characterization of the collected data can be found
in Section 2, and Section 3 describes the capture and pre-processing procedures to which
the data were subjected. Section 4 includes information on the video records created by
an infrared video surveillance camera that allowed the flock’s behavior to be recorded in
an image, thus being able to confirm behaviors and help in the interpretation of telemetric
data. In Section 5, some brief conclusions about the paper and the dataset are drawn.

2. Data Gathering Methods

The sheep monitoring experience started on 18 November 2021 at the Viseu Agrarian
School! and lasted until 16 February 2022. The collars were attached to the same sheep
throughout the period, removed to charge the batteries, and returned recharged to the
same animal. Table A1 summarizes the number of monitoring days and daily monitoring
file size, in addition to the extension of the monitoring experience.

The daily management of the animals remained unchanged during the experiment,
as they continued to go to the pasture during the day, in addition to they continue to
shelter in the same sheepfold during the nighttime period. The sheep were milked twice
a day approximately at 8am and 6pm, and they were provided with fresh water and hay
ad libitum. Between milking operations, they were left out to pasture and at night, they
returned to take shelter in the sheepfold.

Data were captured over four weeks using iFarmTec [24] collars on 18 Serra da Estrela
sheep, covering the animals’ sleeping period. Collars were integrated into the monitoring
platform, as illustrated in Figure 1, periodically communicating with a gateway [25] that
gathered the sensed data. The collars included a magnetometer, an accelerometer, and
an ultrasound sensor to measure distance from the neck to the ground [26] and were
parameterized to collect data at 10 s intervals and send them to the infrastructure.
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Figure 1. Monitoring platform overview.
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The monitoring platform included a gateway and a relaying beacon placed inside the
sheepfold, so animal collar communications were received when they were in the sheepfold.
Since the purpose of the study was to monitor behavior during the rest period, the wireless
sensor network infrastructure deployed did not cover the pasture area.

A video surveillance camera was placed in the sheepfold on a higher plan to video
record the animals’ activity at night. It was equipped with a memory card, where the video
files were stored and it was parameterized to start the recording at 18:00 h and end in the
morning at 9:00, and thus collect the images of the animals during the period.

Figure 2 shows the same area of the sheepfold from another angle, through a photo
taken during the day, to give an idea of the animals’ resting space.

Figure 2. Photo from sheep sheepfold.

3. Data Description
3.1. Dataset Summary

The original dataset contains 1,937,630 records collected during the interval between
November 2021 and February 2022. Section 3.2 shows the various steps to verify and
organize the original data, containing the data’s transformation and adjustment. The
data distribution in terms of status and year attributes is presented in Figure 3 and it
demonstrates a similar distribution between the records gathered in 2021 and 2022. The
status of the animal when the collar record is produced is stored in the attribute named “S”,
using the classification algorithm developed in [22]. It can be observed that the classification
accuracy certainly has a limited value, since the associated machine learning process was
carried out in a pasture scenario and the differences surely should have a deep impact on
algorithm performance. The possible values are as follows:

“S”—Standing,
“E”—Eating,
“M”—Moving,
“R”—Running
“X”—Undetermined.
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Figure 3. Records classification by status/year.

The final dataset, as described in Table 1, has 1,685,974 records ordered by index
columns (timestamp and ID).

Table 1. Final dataset structure.

Attribute Content
ID Animal identification
Timestamp Timestamp of record
Year Year
Month Month
Day Day
Hour Hour
Minute Minute
Second Second
wd Weekday
S Status (‘S’,E’,/M’,/X’,'R’)
Dist Neck distance to ground (mm)
Pitch Pitch angle (degrees)
Roll Roll angle (degrees)
Dx Accelerometer delta in X axis
Dy Accelerometer delta in Y axis
Dz Accelerometer delta in Z axis

ID represents the identification of the animal; the timestamp stores the instant of the
record produced by the collar. Year, month, day, hour, minute, second, and wd are derived
measures computed from the timestamp value.

The dist attribute represents the neck distance to the ground. The inclination angle
to the horizontal plane is represented by the attribute pitch and the rotation angle by the
attribute roll.

Figure 4 presents a weekly distribution of the records, where it is possible to observe
a random variation in the amount of records, despite the collar communications being
periodic and containing same period in all of them. This variation in the daily records
gathered is due to two factors. The first involves the charging process of the collar batteries
and the fact that battery charging was not always carried out the same day, nor were the
collars always absent at the same time. Analysis of Figure 4, where the daily files created
by the gateway are listed with the identification of their size, makes it possible to verify
the irregularity of the previously described loading process. The second reason for the
differences in the daily number of records involves the weekend management, in which
the animals were not always taken to the meadow, which greatly increased the time spent
in the sheepfold, and consequently increased the number of records.
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Figure 4. Weekly distribution of records.

Figure 5 illustrates the hourly distribution of records by status, and it allows us to
understand the static nature of the animals’ nocturnal behavior, which is quite different
from the animals” behavior during the daytime intervals. Moreover, the record distributions
confirm the previous assumption that animals do not leave the sheepfold every day in the
morning, which is reason why diurnal communications from the collars were received and
stored by the gateway.

Records by Status / Hour

9 10 n 12 B 14 15 16 17 18 19 20 2 2 23
Hour / Status

Figure 5. Record distribution by status/hour.

The attribute correlations can be found in Figure 6. These are coefficients that represent
the strength of a linear association between two variables. A perfect linear relationship is
characterized by an absolute value of 1, and values close to 0 indicate no linear relationship.

The quartiles of pitch and roll attributes can be found inFigure 7A,B. For each hour, val-
ues of the mean, std (standard deviation), Min (minimal), 25% (quartile 1), 50% (quartile 2),
75% (quartile 3), and max (maximal) related to the values of pitch and roll are presented.

Finally, Figure 8 represents the daily distribution of the gathered records.
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Figure 8. Record distribution by hour.
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3.2. Dataset Preparation

Figure 9 shows the complete workflow designed to prepare the final dataset. The
process contains the following three steps:

(a) Concatenation: concatenation of data from daily files;
(b) Duplicate removal: elimination of duplicates and removal of malformed records;
(¢) Additional attributes: adding attributes.

o—
"i:: > 8= > .. > %
o= b) Duplicates ¢) Additional | Dataset |

&) Concatenation Elimination Aftributes

Figure 9. Data processing procedures.

The data cleaning process consisted of eliminating malformed records and unrealistic
distance values measured by the ultrasound sensor. In fact, the ultrasound sensor was
the most error-prone of the sensors existing in the collar. It was applied to the neck of the
animal (Figure 10), and it measured different distances depending on the movement. The
origin of the error has to do with the fact that sheep assume different positions in which
the sensor transducer is unable to obtain the echo of the signals, which leads to unrealistic
distances being measured, and therefore forced the removal of the records. When they are
lying down, they assume different postures quite often.

AN ’ lm
e

Y

Figure 10. Effect of neck rotation on the ultrasound measures.

The original dataset is composed of daily files produced by a gateway that continu-
ously stores gathered data from the collars that transmit sensor data every 10 s.

Therefore, the first step was to concatenate the files that gave rise to a unique data set (a).
After that, duplicate records were removed (b). In the last step, the attributes that repre-
sented the year, month, day, hour, minute, second, and day of the week were compiled (c).

4. Video Records

In addition to electronically monitoring the animals through the collars, video surveil-
lance of the sheep was performed, and the video was recorded for future analysis. The
videos are available, together with the dataset produced by the collars, and available for
confirmation of animal behavior and activity.

The surveillance camera (HIKVISION DS-2CD2323G0-I) was placed in the sheepfold
in a higher position to cover the space where the animals stayed (Figure 11). It was
programmed to automatically start and stop the video recording of images to cover the
period between the animals’ collection at the end of the day and their departure to the
pasture with a 640 x 360 image encoded with ITU H.624 codec, with one frame per second.
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schedule_20220122_180000.avi

Figure 11. Example of an image taken by the video camera.

The video camera collected daily images between 18:00 and 9:00 from 12 to 26 January 2022.
The films that contained telemetry data were used. The 6-day recordings produced
90 h of footage, and are available for download at the URL where the dataset was published.

5. Conclusions

Monitoring animal activity is of importance for livestock management and is likely to
have a significant impact on animal feed management. The nocturnal period represents a
large part of animals’ life cycle, and its study is of significant importance.

The present paper describes a dataset based on data gathered by iFarmTec collars,
applied to 18 sheep within the sheepfold, mainly during the night. The tests were carried
out from 18 November 2021 to 16 February 2022 at Agrarian School of Viseu, Portugal. The
animals wore the collars 24 /7, except for when they were removed for battery charging
purposes. The data were collected by a gateway present at the sheepfold and were later
subjected to a preparation process that included the concatenation of the daily files, record
duplicates and malformed records removal, and the insertion of additional attributes.

The final dataset included 1,937,630 records, covering mainly the nocturnal period,
and it was enriched by video surveillance images taken by a night vision video camera
placed in the shelter to analyze animal behavior.
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Appendix A

Table Al. Daily recording file sizes.

Data File Size (Bytes)

Thursday, 18 November 2021 106,727
Friday, 19 November 2021 5,550,915
Saturday, 20 November 2021 6,466,969
Monday, 22 November 2021 4,435,944
Tuesday, 23 November 2021 14,341,225
Wednesday, 24 November 2021 12,851,732
Thursday, 25 November 2021 16,307,252
Friday, 26 November 2021 9,954,537
Monday, 29 November 2021 1,005,152
Tuesday, 30 November 2021 3,856,876
Wednesday, 1 December 2021 10,423,803
Thursday, 2 December 2021 9,929,926
Friday, 3 December 2021 10,006,526
Saturday, 4 December 2021 10,349,638
Sunday, 5 December 2021 10,006,659
Tuesday, 7 December 2021 9,666,299
Wednesday, 8 December 2021 10,489,222
Thursday, 9 December 2021 9,762,892
Friday, 10 December 2021 8,327,982
Saturday, 11 December 2021 8,186,628
Sunday, 12 December 2021 8,416,629
Monday, 13 December 2021 4,639,088
Tuesday, 18 January 2022 6,369,158
Wednesday, 19 January 2022 9,123,648
Thursday, 20 January 2022 9,065,911
Friday, 21 January 2022 7,486,474
Thursday, 27 January 2022 4474113
Friday, 28 January 2022 9,977,190
Saturday, 29 January 2022 7,774,051
Sunday, 30 January 2022 8,792,249
Monday, 31 January 2022 7,266,024
Wednesday, 2 February 2022 5,466,426
Thursday, 3 February 2022 10,550,258
Friday, 4 February 2022 10,315,494
Saturday, 5 February 2022 10,515,301
Sunday, 6 February 2022 10,042,601
Monday, 7 February 2022 5,037,658
Wednesday, 9 February 2022 6,619,338

Thursday, 10 February 2022 10,880,426
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Table Al. Cont.

Data File Size (Bytes)
Friday, 11 February 2022 10,645,800
Saturday, 12 February 2022 11,738,429
Sunday, 13 February 2022 10,301,999
Monday, 14 February 2022 4,869,313
Tuesday, 15 February 2022 7,799,616
Wednesday, 16 February 2022 4,687,573

Notes

1

https:/ /www.google.com/maps/@40.6381115,-7.9114797,740m / data=!3m1!1e3
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