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Abstract: Animal welfare strongly influences the health and performance of cattle and is an important
factor for consumer acceptance. One parameter for the quantification of health status is the lying
duration, which can be deployed for the early detection of possible production-related illnesses.
Usually, 3D-accelerometers are the tool to detect lying duration in cattle, but the handling of bulls
sometimes has special requirements because frequent manipulation in daily farming routines is
often not possible. An ultrahigh-frequency (UHF) radio-frequency identification (RFID) system was
installed in a beef cattle barn in Germany to measure the activity and lying time of bulls. Such UHF
RFID systems are typically used for estrus detection in dairy cows via activity level, but can also be
considered, for instance, as an early detection for lameness or other diseases. The aim of the study
was to determine whether the estimations of activity level and lying duration can also be traced in
husbandry systems for fattening bulls. Two groups of bulls (Uckermarker cattle, n = 10 and n = 13) of
the same age were equipped with passive UHF RFID ear transponders. Three cameras were installed
to proof the system and to observe the behaviour of the animals (standing, lying, and moving).
Furthermore, accelerometers were attached to the hind legs of the bulls to validate their activity
and lying durations measured by the RFID system in the recorded area. Over a period of 20 days,
position (UHF RFID) and accelerometer data were recorded. Videos were recorded over a period
of five days. The UHF RFID system showed an overall specificity of 95.9%, a sensitivity of 97.05%,
and an accuracy of 98.45%. However, the comparison of the RFID and accelerometer data revealed
residuals (&) of median lying time (in minutes per day) for each group of ¢Groupl = 51.78 min/d
(p <0.001), eGroup2 = —120.63 min/d (p < 0.001), and eGroup1+2 = —34.43 min/d (p < 0.001). In
conclusion, UHF RFID systems can provide reliable activity and lying durations in 60 min intervals,
but accelerometer data are more accurate.
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1. Introduction

One way to evaluate the health and comfort of cattle is to measure lying behaviour
and activity levels. Lying time is an indirect marker for rumination time. Bulls spend
63.4% of rumination time lying down and only 36.5% of rumination time in a standing
position [1]. Additionally, reductions in lying time hint at lameness or other diseases
caused by housing conditions [2]. Farmers are highly interested in innovative, digital,
and affordable technology that provides early detection of illness, a better overview of the
herd, and reliable real-time data from their animals [3]. However, there are disadvantages
to using accelerometers to observe fattening bulls because their fast growth necessitates
adjustments of the attachment straps every three weeks. This scenario is reasonable for
research questions but may not be practicable for daily farming routines. Based on safety
aspects, this method is also not recommended for farmers working in bull husbandry [4].
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The frequent capturing of the bulls for adjustment purposes may result in higher risk
exposure for employees and the higher occurrence of stress for the animals. Therefore, UHF
RFID can represent an animal- and customer-friendly alternative for monitoring fattening
bulls or other species in which accelerometers attached to the leg are not feasible, because
the passive sensor ear tag only needs to be equipped once.

Radio-frequency identification first appeared in herd management in the 1970s [5].
The first application was to assign specific information from an individual sensor to a
specific animal in a certain moment [6-8]. RFID systems have been used to measure
feeding behaviour in feedlot steers [9] as well as activity levels in dairy cows [10]. In
dairy production, it is a valid method for detecting the ovulation date [11] by measuring
activity. One common system uses UHF RFID antennas, which are placed in different spots
around the barn, and cows equipped with sensor ear tags. The use of systems such as the
one in our experiment was validated in recent years for measuring activity and feeding
behaviour [12].

The objective of our study was to determine whether the UHF RFID setup we used is
also suitable for collecting behavioural measurements from bulls on a smaller scale. Feedlot
pens mostly provide an area smaller than 50 m? for European standards (minimum 4 m?
per cattle as recommended by the European Food Safety Authority, EFSA). Therefore, the
UHF RFID system must be very accurate to prevent false-positive events. Our hypothesis
was that a UHF RFID system can reliably detect each motion of the bulls and can be used
to accurately measure activity and lying times in fattening bulls.

2. Materials and Methods
2.1. Animals and Housing

The study took place in a typical closed German barn for feedlot cattle located in
Grof Kreutz (52° 24" 13.856" N 12° 46’ 50.736" E; Brandenburg). A total of 23 bulls aged
14 months £ 14 d with an average weight of 600 kg £+ 50 kg were equipped with UHF
RFID sensor ear tags to measure activity levels and lying behaviour. The animals were
divided into two groups. Both groups were kept in a pen with an area of slatted floor
with two bowl watering troughs. Thirteen bulls were kept in a pen with a concrete slatted
floor (CSF), and 10 bulls were kept in a pen with a slatted floor with rubber mats (RM).
Group 1 was held on the CSF and Group 2 on the RM. Group 1 had a total area of 49.72 m?
with dimensions of 13.20 m x 4.11 m (4.03 m? /bull), and the pen was subdivided into
two connected areas through a concentrate feeding station (FS) in the middle of the pen.
The FS split the compartment into two areas, which were connected through a gap with
dimensions of 1.8 m x 1.90 m (Figure 1a). Group 2 (Figure 1b) was kept in a pen with
dimensions of 13.20 m x 3.47 m and a total area of 40.25 m? (3.83 m?/bull); the pen had
one FS on each side. Every bull was labelled with a number using animal marking spray
on both flanks to facilitate recognition on the video recordings. The bulls were fed twice a
day with TMR (90% corn silage, 7.1% rapeseed extraction meal, 2% straw, 0.6% vilomin,
0.2% feeding lime, and 0.1% animal feed salt). They also had access to the concentrate feed
machine, which was limited to three meals (pellets consisted of live yeast, selenium, and
other major and trace elements and vitamins) a day and 2 kg per bull and meal.
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Figure 1. Floor plan and dimensions of the pens of Group 1 (a) and Group 2 (b), including the
elliptical range (blue area) of the activity antennas (A); f = feeding antenna, FS = concentrate feeding
station, TB = drinking bowl.

2.2. Radio-Frequency Identification (RFID)

All 23 bulls were equipped with passive transponder ear tags (CattleData GmbH,
Augsburg, Germany). The ear tags were attached in advance to add FSs to the pens
with sensors that could recognize cattle ear tags. Each pen had two UHF RFID antennas
(CattleData GmbH, Augsburg, Germany) for the detection of activity levels and one (Group
2) or two antennas (Group 1) for the detection of TMR intake (detection of the head of a
bull in the area of the feed alley). The pen of Group 1 was divided into two areas by the FSs
and, therefore, needed two feeding antennas, whereas Group 2 only needed one feeding
antenna because there was no division. Feeding antennas were installed at a height of
2.84 m and in line with the feeding fence. Antennas for activity detection were placed at the
back of the barn at a height of 2.57 m (Figure 1). The main difference between the antennas
was that the activity antennas had an elliptical range with a diameter of approximately
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10 m, whereas the feeding antennas had a narrow beam down to the feeding fence and a
wide beam to the sides (7.5 m to the left and the right).

An electromagnetic wave was sent to a chip inside the ear tag via the antennas. The
wave loaded the chip, and an understated wave was sent back to the antenna, which
detected the signal and identified the animal. When an ear tag switched from the elec-
tromagnetic field of one activity antenna to another, the bull was recognized, and this
event was recorded as a movement called a zone transition (ZT). The disadvantage of this
technique is that it could only recognize ZTs between antennas rather than exact locations,
such as with a global positioning system.

The change in registry between activity antennas was called a ZT and represented
a moment of movement. An absence of ZTs over a long period was considered to reflect
resting behaviour. Since we could not assume that a short absence of ZTs indicated a
lying-down event, we set a threshold that would guarantee a complete rest. Thus, we
assumed that the absence of ZTs for 30 min indicated a potential lying-down event, but only
the absence of a movement for 60 min strongly indicated that lying behaviour occurred.

2.3. Video Analysis

Three video cameras (Amazon Blink outdoor security camera, Amazon Europe Core
S.a.rl., Luxembourg) were installed 2.20 m above the ground to proof the UHF RFID system.
Two cameras were used to record the divided pen of Group 1, and one camera was used to
record the pen of Group 2. Video recordings were conducted over a period of five days
in May/June 2022. For the performance test of the UHF RFID system with video data, a
total of 09:43:52 h on Day 1 (12:29:16 to 21:43:08), 09:25:06 h on Day 2 (11:28:08 to 20:53:14),
14:27:41 h on Day 3 (07:01:02 to 21:28:43), 14:13:32 h on Day 4 (07:18:59 to 21:32:31), and
14:26:21 h on Day 5 (06:57:31 to 21:23:36) were analysed, resulting in a total of 62:16:32 h of
video data.

Using BORIS (v.8.6.5, Department of Life Sciences and Systems Biology, University
of Torino, Italy), one person manually labelled all bulls’ movements. When a bull walked
from one compartment of the pen to another and was recognized by RFID, this was defined
as a “true ZT”. If the animal was standing or lying between the two antennas and only
moved its head, but was also recognized by RFID (i.e., did not walk to a different area),
this was defined as a “false ZT”. Subsequently, each ZT was compared with the video from
that interval to determine whether it was a true or false ZT.

2.4. Accelerometer

Ten bulls (five of each group) were equipped with one IceTag3D™ activity sensor
(Peacock Technology Ltd., Stirling, UK) on one hind leg. The IceTag3D™ is a noninva-
sive, electronic sensor that measures animal activity with three-dimensional acceleration
technology. The sensor captures data every second and stores data for up to 60 days.
The data were manually downloaded via USB with IceReader and IceManager software
(IceRobotics, Edinburgh, UK) after detachment. The daily data per bull and lying behaviour
were calculated from the activity/lying data per second. Over a period of 20 days (24 May
2022 until 13 June 2022), in addition to lying and activity times, lying bouts were recorded.

For our evaluation, we compared the two systems, using the lying time from the
accelerometer as a reference and the calculated lying time from the RFID system.

2.5. Statistical Analysis

For the first part of our performance test of UHF RFID with observations from video
recordings, we used binary classifiers, where the positive predictive value represents pre-
cision and the recall (the fraction of events that are successfully retrieved) can indicate
sensitivity. Furthermore, we calculated the specificity, accuracy, false-positive rate (pos-
sibility of a false alarm), and false-negative rate according to the following definitions
and formulas:



AgriEngineering 2024, 6

1890

e  DPositives (P): events during which a bull was observed on video to move between two
antenna zones.

e Negatives (N): events during which a bull was not observed on video to move between

two antenna zones.

True positives (TP): positives also identified in the RFID data of the same bull.

False positives (FP): negatives also identified in the RFID data of the same bull.

True negatives (TN): negatives not recorded in the RFID data of the same bull.

False negatives (FN): positives not recorded in the RFID data of the same bull.

Sensitivity [%] = TP/P x 100 (1)
Specificity [%] = TN/N x 100 (2)
Precision [%] = TP/ (TP + FP) x 100 3)
Accuracy [%] = (TP + TN)/(P + N) x 100 4)
False-positive rate [%] = FP/N x 100 (5)
False-negative rate [%] = FN/P x 100 (6)

For the second part of the performance test, the data from the UHF RFID and the
accelerometer data were tested for normal distribution and linear correlation (Bravais—
Pearson). The critical value to determine statistical significance was defined as p < 0.05.

All datasets from the accelerometer and RFID systems were evaluated with JMP 16.1
Ink (SAS Institute Inc., Cary, North Carolina 27513, USA).

3. Results
3.1. Analysing the Activity Data Captured by the RFID System and Cameras

Over a period of five days, videos were recorded of the pens of both groups of bulls,
yielding 1743 observed events (mean of 75.78 & 5.28 events per bull), which were cate-
gorized into positives, negatives, and true and false positives and negatives, respectively

(Table 1).
Table 1. Overview of captured movements between RFID antenna zones and division into binary
classifiers.
. . True False True False
Total Positives Negatives Positives Positives Negatives Negatives
Group 1 903 611 292 590 12 280 21
Group 2 840 473 367 462 15 352 11
Both Groups 1743 1084 659 1052 27 632 32
Comparison of the two groups revealed that Group 2 had a quite similar possibility of
false alarms by a similar specificity and accuracy. Furthermore, Group 1 showed a higher
precision and a higher false-negative rate but a lower sensitivity (Table 2).
Table 2. Rates of possible observational errors from movements between RFID antenna zones.
cee i o ces i o o . . o False-Positive = False-Negative
Sensitivity (%)  Specificity (%) Accuracy (%) Precision (%) Rate (%) Rate (%)
Group 1 96.56 95.89 98.89 98.01 411 3.44
Group 2 97.67 95.91 98.21 96.86 4.09 2.33
Both Groups 97.05 95.9 98.45 97.5 4.09 2.96
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3.2. Analysing the Lying Times of Bulls from UHF RFID and Accelerometer Data

For all 10 bulls attached with accelerometers, the individual daily lying durations
were investigated for both sensor systems. The mean, standard error (SE), and p-value
were determined and collected in Table 3. For a better understanding, we compared
the durations of the individuals among the groups and for one sensor system as well as
in-between accelerometers and UHF RFID sensors.

Table 3. Comparison of lying durations from 10 bulls (five per group) over a period of 20 days
according to continuous accelerometer and UHF RFID data.

Mean Lying Time Mean Lying Time UHF

Accelerometer in min/d RFID in min/d SE p-Value
Group 1 856.62 908.4 13.91 0.0003
Group 2 892.83 772.2 10.39 0.0001
Both Groups 874.73 840.3 10.6 0.0014
Difference
Group 1/Group 2 —36.21 136.2 18.73 0.0005

SE = standard error.

To quantify the deviation from the median between the RFID and accelerometer
systems, we calculated the residual (¢) for Groups 1+2, Group 1, and Group 2. However,
the residual for Groups 1+2 (eGroup1+2) was —34.43 min/d, p < 0.001. The 95% confidence
interval (CI) for the residual of Groups 1+2 95% CI Group1+2 was [—13.53, —55.33]. The
residuals and 95% ClIs for Group 1 and Group 2 were 51.78 min/d [79.39, 24.17], p < 0.001
and —120.63 min/d [—100.02, —141.24], p < 0.001. In Figure 2, we present the linear
correlation between the mean lying duration of both groups individually and combined.
Pearson correlation coefficients (r = 1/ (R?)) were r, = 0.823 for Group 1, r, = 0.701 for Group
2, and r. = 0.686 for Group 1+2.

R% 0.677
F(1.98)=205.87, PValue=<0.0001
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Figure 2. Correlation of median lying durations (in min/d) between accelerometer and RFID data
from Group 1 (a) and Group 2 (b).

The interpretation of lying times from ten bulls (five per group) equipped with ac-
celerometer and RFID ear tags resulted in two different distributions. The accelerome-
ter data of Groups 1+2 showed a symmetrical distribution with a median lying time of
893 min/d. The lower quartile was at 835 min/d, and the upper quartile was at 946 min/d,
with a minimum of 673 min/d and a maximum of 1112 min/d. The distribution of the
RFID data was asymmetric with a leftward shift. The median lying time of the ten bulls was
780 min/d, with a lower quartile at 720 min/d and an upper quartile at 960 min/d. The
lowest outlier was 360 min/d, and the highest outlier was 1360 min/d. A clear difference
between the distributions of the accelerometer and the RFID was observed (Figure 3).

The leftward shift of the median from the RFID data distribution (Figure 3) was
pronounced in Group 2. In this group, the RFID data had a median of 780 min/d, which
was different from the accelerometer data median of 908 min/d. Additionally, both quartiles
and the minimum lying time were significantly lower in the RFID data for Group 2.
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Figure 3. Boxplot of lying time (in min/d) in 10 bulls (five per group) over a period of 20 days
according to continuous accelerometer and UHF RFID data in min/d. (a) Group 1, (b) Group 2,
(c) both Groups.

4. Discussion
4.1. Performance Test of the UHF RFID System by Comparisons with Video Observations (the
Gold Standard)

The results of the UHF RFID system data with video data were comparable to those of
other UHF RFID validation studies in recent publications [9,12]. The average precision was
97.5%, and the average accuracy was 98.45%, which is similar to that of Adrion et al. [12],
who used a UHF RFID system to measure head positions in dairy cows and reported
a precision of 93.8% and an accuracy of 96.6%. The differences in precision, sensitivity,
false-positive rates, and false-negative rates between Groups 1 and 2 could be caused by
the constructions of the two pens. False-positive events mostly occurred when a bull lay
down in the region in which the two antenna signals intersected; in this case, small head
movements triggered ZTs although the animal did not show actual movement/walking
activity. False-negative events, on the other hand, occurred if the RFID could not capture
activities correctly. One reason for uncaptured activities is the mentioned dead spots.
Because Group 1 had its FSs in the middle of the pen, the effect of this dead spot is less
than that in Group 2, which had the FSs on the sides. This led to a false-negative rate of
3.44% for Group 1 and 2.33% for Group 2, which is appropriate. This was also visible in the
deviation of precision, which was 1.15% higher in Group 1. Thus, we had a higher accuracy
(by 0.68%) in this group than in Group 2.

4.2. Comparing the Lying Times of Bulls between UHF RFID Data and Accelerometer Data

The accelerometers (IceTag3D™ activity sensor; IceRobotics, Edinburgh, UK) we used
for this study have been validated and customized for use in cattle [13-16]. Quantifying the
locomotion and lying behaviour with these kinds of sensors is a common practice, especially
in dairy farming [17]. Nevertheless, their use in beef cattle is much less examined [18].
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Lying behaviour, particularly for our study the lying time, has showed to be a valuable
parameter for the assessment of animal welfare [2]. The average lying time of a fattening
bull was estimated to be 889 + 12 min/d [19]. Our accelerometer results confirmed this
value, with a median of 893 + 11.39 min/d. Therefore, we can assume that the lying
times from the accelerometer data were correct in our study. The motion sensor inside the
accelerometer captured the position of steers every second so that we were able to specify
the cumulative lying time to within one second. This measurement accuracy was not
possible with the RFID technique since we could only assume that an animal did not move
within an area during a specific time frame. For this reason, we had to set a time-frame
limit based on bout duration. The motivation of cattle to stand is mainly caused by feeding
times and operations within the barn [2]. Munksgaard and Simonsen [20] showed that
bulls which were forced into prolonged standing for 7 h twice a day would spent almost all
of the remaining time (95%) lying down. When it comes to the duration of the single lying
bout, the mean bout duration strongly varied from less than 20 min to over 150 min [21].
Furthermore, Jensen et al. [22] suggests that cattle prefer to have lying bouts that last at
least 30 min, or even better, 50-80 min. Therefore, the absence of ZTs for 30 min could
be considered a potential lying bout, but only the absence of movement for 60 min could
guarantee a full rest.

Comparing the mean lying time of the accelerometers, we can see that the animals
from Group 2 had a longer daily lying time with 893 min/d than those in Group 1 with
857 min/day. This result may sound plausible since we consider that the bulls in Group 1
were held on CSF and the bulls in Group 2 had a slatted floor with RM. However, Keane
et al. [23] oppositely presents no significant effects of RM on lying duration and dirt scores
in their study. Similar assertions were made in previous years [24,25]. Nevertheless, Hickey
et al. [26] mentioned a longer lying duration on straw bedding compared to CSF in finishing
steers. Considering this, we could only witness a minor difference in mean lying durations
from accelerometer data of 36 min/d more on RM in comparison to CSFE. In comparison,
the mean lying durations of RM vs. CSF from the UHF RFID data are 136.2 min/d. The
variations in these values apparently are too high to produce a reliable statement for the
advantage of one floor type. One objective of the present study was to determine whether
we can utilize the movement activity from UHF RFID systems to estimate the lying times of
bulls. We chose a linear Bravais-Pearson correlation to compare the results of the calculated
lying durations from UHF RFID data with those from accelerometer data (Figure 2). Group
1 held on CSF showed the most linear association with r, = 0.823 (Figure 2a), which
indicates a significant positive correlation. In Group 2, we could see a more moderate, but
still strong, correlation by rj, = 0.701 (Figure 2b). This may also result from the mentioned
setup and overlapping signals. The lower correlation coefficient in Group 2 leads to a
rc = 0.686 for Group 1+2 in total. Overall, this can be interpreted as a significant positive
correlation from UHF RFID lying durations in comparison with accelerometer durations
that were already validated [13,15,16,27]. In Group 1, the median lying time according to
the RFID data of 900 min/d was very close to our expected outcome of 889 min/d [19]. The
problem mentioned above regarding issues with antenna overlap caused an asymmetric
distribution of lying time per day in the UHF RFID data, with a leftward shift in Group 2,
which led to an equivalent distribution within both groups. Compared with the median
lying time according to the accelerometer data of 908 min/d, the low RFID median of
Group 2 (720 min/d) can result from a higher number of animals mistakenly rated as
active although they were lying down. In contrast, in Group 1, the RFID and accelerometer
data indicated a similar median, despite a wider range of quartiles and outliers, and a
symmetrical distribution. For Groups 1+2, the residual of the median was —34.34 min/d,
indicating that the accelerometer data had an average 34.34 min/d higher lying duration.
In contrast, Group 2 had a high negative value of —120.63 min/d. This also supports the
assumption that more bulls exhibited false-positive ZTs in Group 2 than in Group 1, with
€Group1 = 50.78 min/d. Thus, preventing the overlap of antenna coverage is one way to
reduce false-positive events. Because of the elliptical shape of the antenna’s receptive field,
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it is difficult to prevent overlaps without generating dead spots in which no signal can reach
the transponder ear tags. One possible solution would be to place additional antennas with
a smaller radius inside the pen. This would create wider coverage with fewer dead spots
and minimum overlap.

5. Conclusions

This performance study of a UHF RFID system revealed that it has high precision
and accuracy for detecting movements within even small areas under 50 m?2. However,
the comparison with accelerometer data revealed that the number of false-positive animal
movements was still too high to obtain the exact activity and lying times of the analysed
bulls. Our first results are promising and show that the deployment of UHF RFID systems
has a good perspective for monitoring animal movements in bull husbandry, besides the
conventional usage in dairy production. Because UHF RFID systems are suitable for the
detection of movement, they could also find implementation for deriving lying durations
from longer activity absence. Although not as accurate as the data from accelerometers,
UHF RFID data can provide reliable activity and lying times. However, the UHF RFID
system neither registers the actual lying duration nor lying bouts and can only give out
narrow lying intervals up to 60 min. This must be taken into account for the interpretation.
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