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ABSTRACT

Monitoring cattle behavior in the grazing field has been a perpetual challenge in animal husbandry and
for nomadic herdsmen. Various methods have been used in the past to monitor the behavior of cattle
and their grazing patterns. Most of the grazing patterns in the nomadic system demand that both the
herdsmen and their cattle cover some distance from dawn to dusk searching for greener pasture, this,
and unavailability of the greener pasture sometimes result to tiredness and exhaustion which in turn
trigger the change in behavior exhibited by the cattle. The economic implication of such a change in the
cattle behavior might be catastrophic if not given the necessary attention. Presented in this paper is a
framework for modeling the behavior of cattle grazing patterns including monitoring of their movement
and the distribution of grazing events in the paddock. The correlation between the pasture condition and
the grazing behavior of cattle in the paddock was analyzed. Global positioning system (GPS) monitoring
collar for cattle was used to monitor the behavior and to detect the change in grazing patterns of the

cattle.
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INTRODUCTION

In Kilgour (2012), cattle can exhibit up to 40
individual behaviors, though many of these are
expressed in low abundance and for very short time
periods. Three main behaviors (grazing, resting,
and walking) were identified but one (grazing) was
used in this work. Reported in Hancock (1954)
was that the main behaviors of pasture-based
cattle were grazing and resting. In Homburger
et al. (2014), there was a reported difficulty by
others using GPS data in differentiating between
when cattle are lying and when they are standing.
Whenever cattle’s head was bent down plucking
at the pasture, whether lying, walking, or standing
still, grazing was said to take place. Whenever
the cattle take the posture of lying or standing
with the head raised, it means that such cattle are
resting. Cattle selected had normal gait (Whay
et al., 2003) and showed no other obvious signs
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of ill health. Cattle were randomly selected for
behavioral observation over the study period and
observed between the hours of 09:00 and 17:00 so
as to get the longest period of observation during
grazing.![!-1%

Cattle that are cultured free from diseases,
being properly fed, and having normal physical
functions make up a healthy population. Hence,
keeping the strong cattle stronger and the healthy
ones healthier for the overall economic benefit
and peaceful coexistence of the herdsmen and
their cattle with their grazing environment are the
critical concerns for cattle husbandry business.
Devising the techniques to monitor the activities
of out of sight cattle in a grazing field has been
a perpetual challenge in animal husbandry and
agricultural practice. Various methods have been
used in the past to monitor the conditions that
can constitute a change in cattle behavior (Bello,
2018), apart from the conditions that can be linked
to health challenges, the conditions range from
how greener the pasture is, to how accessible to
the cattle the greener pasture. In this proposed
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framework, the relationship between the pasture
condition and the behavior of cattle in the grazing
field is analyzed.

GPS monitoring collar for cattle was placed on
cattle’s neck to monitor the behavior of the cattle
[Figure 1]. The GPS monitoring collar allows
the out of sight monitoring of the cattle activities
during grazing activities. The GPS gives feedback
analysis of the grazing activities of the cattle,
especially when such cattle have deviated from
the normal route or have fallen to unfavorable
atmospheric conditions resulting in behavioral
change. This method of monitoring cattle activities
in the grazing field possesses a lot of advantages
compared to the traditional method where herds of
cattle would be manually monitored by one or two
herdsmen, thereby resulting into late awareness
to the herdsmen all that happen to the cattle that
are out of sight. The technology behind GPS has
enabled herdsmen to be in control of their cattle in
the grazing field even when they are out of range.
In summary, we set the following as the paper
objectives (1) to design a framework for modeling
the behavior of cattle through cattle grazing pattern
and (2) to provide alert signals of any health
challenge and boundaries violation by the cattle
during grazing using GPS monitoring collar. The
outcome of this research could profoundly reshape
our relationships with domesticated animals, the
landscape, and each other.!'-!?!

THE STUDY OF CATTLE BEHAVIOR
AND CATTLE GRAZING PATTERNS

Hence, many literary works have been carried
out that attributed change in cattle behavior to
the change in their health status. For example,

-_—

device (digitanimal.com)
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Huzzey et al. (2007) in Williams et al. (2016)
used electronic feed bins to record feeding
behavior in housed dairy cows. They discovered
that feed intake and time spent feeding began to
decrease 2 weeks to clinical diagnosis of severe
metritis. Gonzélez et al. (2008) found that daily
feeding time, number of visits to the feed bin, and
feeding rate began to decrease as early as 30 days
before lameness diagnosis in housed cows fed
a silage ration. With larger herds and limited
time, disease diagnosis becomes more difficult.
Mobility scoring is one example of a subjective
technique used by herdsmen to identify lameness
and locomotors problems in dairy cows (Williams
et al., 2016). Although cheap to disseminate,
mobility scoring is time consuming and must be
done regularly (Pluk et al., 2012) (Van Nuftel
et al., 2015). Another criticism of the technique is
that it may fail to identify the early (subclinical)
stages of lameness.

Reported in Reader ef al. (2011) was that the milk
yield of cows decreased by an average of 0.7 kg/d
for approximately 7 weeks before cows became
visually lame. Moreover, after recovery, the milk
yield of lame cows remained lower for 4 weeks.
Identifying production disease as early as possible
is, therefore, imperative to minimize welfare
implications and production loss. In Williams
et al. (2016), a technology designed to identify
lame cows using pressure plates to measure
weight distribution, for example, has already been
assessed (Bicalho et al., 2007). Although they
concluded that more work was needed to refine
the sensitivity of these devices, weight shifting by
the cow may be visible by gait assessment, and
therefore, these tools are likely to be effective in
reducing the labor cost of mobility scoring. An
approach to identify subclinical disease possibly
using behavioral changes before gait abnormalities
are present may be more constructive.!'*1%]

When cattle in motion are moving sluggishly with
serious complexity, to differentiate, the status of
their behavior is a great task. Sometimes, cattle
irrationally and frequently change in behavior
within a short period of time without any
justification making it difficult to differentiate
them. Behavioral classification of grazing
cattle from position data has been worked on
with different approaches by several authors. In
Anderson et al. (2012), beef cows were tracked at
time intervals of 1 s and threshold values of mean
movement rate calculated for 1 min periods were
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used to distinguish between grazing, resting, and
walking. To get a reliable result for behavioral
classification, several factors must be involved.
The first determining factor is the factor that
measures the exactness of the distant tracking
device (Witte and Wilson, 2005) (Patterson et al.,
2010). The second determining factor as opined by
Bailey et al., 2006 is the role that can be played by
behavioral variation between breeds of the same
species including different animal species in the
determination of distinct behavioral states. The
third factor is the influence that the time interval
between GPS measurements in the field can have
over classification accuracy (Postlethwaite and
Dennis, 2013).

And finally, the statistical approach used for the
classification may determine the outcome. State-
space models often used for process modeling
of quantitative studies that have to do with the
behavioral classification of bio-logging data
(Patterson et al., 2008) or linear discriminate
analysis (Schlecht et al., 2004) and machine
learning such as classification trees (Shamoun-
Baranes et al., 2012). Data points are grouped
by machine learning methods based on some
similarity ~measurement. Machine learning
methods though, easy to implement and flexible,
ignore the temporal and spatial process which
underlies the data; while the underlying process
was retraced by state-space models through
explicitly modeling of data in the temporal and
spatial order, in which they have been recorded.
Although additional sources of errors were able
to be integrated (Patterson et al., 2008), more
efforts are required for implementation and higher
computational power.

As earlier iterated, the aim of the study is to model
the behavior exhibited by the cattle when changes
occur in the surrounding environment during
grazing. Factors that contribute to a negative
effect on cattle behavior are known as agents. In
this study, the focus is primarily on physical agent
and secondarily on the chemical agent. The most
common physical agent that affects cattle is the
temperature. Any drastic change in temperature,
for example, will seriously affect cattle behavior.

METHODOLOGY OF THE
FRAMEWORK

This study observes the grazing patterns of
cattle and their behaviors in the grazing field.
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To accomplish the above observation, GPS
monitoring collar for cattle is utilized [Figure 1];
this technology monitors the process and activities
of cattle during grazing through a networked
system [Figure 2]. The requirements of this study
are to analyze the movement and grazing patterns
of cattle and GPS tracking processing. Tracking
cattle movement in a free range during grazing
is difficult; among the various monitoring and
tracking algorithms currently available, the most
suitable algorithm to use is the GPS algorithm
which provides the ability to track the object
that is moving in a disordered environment. This
algorithm allows the capability of monitoring the
cattle in a somewhat disordered environment as
the cattle are in free range.

The observation of the pasture quality is also a
crucial part of this study as drastic changes in the
chemical condition of the pasture can seriously
affect the health of the cattle. Changes in several
pasture conditions such as nutrient content can
cause the cattle to be in a stressful state which
might most probably lead to (1) cattle intruding
the prohibited area, (2) disease, and (3) death.
Anormal and healthy cattle will behave active,
maintain normal body color, and engage in a social
(schooling) activity. Stressful factors, whether
physical or chemical, make the cattle to be in
a state of stress. When these cattle are in such a
state, they manifest this through their behavior and

Data in the
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Figure 2: Framework overview
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the easiest way to observe this is in the way they
graze or their grazing patterns. For example, a sign
of fatigue emerges when the cattle show reduced
activity and movement than normal and a distinct
change in feeding than usual. They will break apart
from social activity and start grazing individually.
Exhaustion shows when the cattle are alienated,
commonly lying in the grazing field both at
dusk and at dawn, showing minimal or almost
no response to the environment. Since the cattle
exhibit changes in their grazing patterns and
behavior, the GPS will be able to record this and
with the application of the suitable algorithm, we
are able to model out the behavior of the cattle
based solely on its grazing patterns. The GPS
monitoring collar is connected to the network
through cloud technology. GPS monitoring
collar is placed on the neck of the cattle. As it is
positioned round the cattle’s neck, a view of the
whole paddock enables the grazing patterns and
behavior of the cattle to be monitored. This GPS
monitoring collar directly connected to a network
provides continuous real-time monitoring of the
grazing. The real-time monitoring of cattle and
grazing patterns is constantly monitored and
analyzed to detect any abnormalities or stress sign
that the cattle may exhibit. The pasture quality and
deviation of cattle from boundaries in the grazing
field are also being monitored.?%-24

In achieving this, we made use of multiple sensors
which are only sensitive toward a specific agent.
These sensors are (1) temperature sensor that
records temperature per GPS location fix. The
sensor is not directly exposed and may display
lag time in response to rapid temperature changes;
(2) dual-axis motion sensors that record animal
movement and are sensitive to horizontal and
vertical movements of the head and neck. As these
sensors read the condition of the environment,
the data are sent continuously to the server,
thus providing real-time monitoring. The server
analyzes the data received for any abnormal or
irrelevant value. The analysis of the data received
by the server is handled by a custom-developed
application (TR20). Given the linear flow of the
process, a simple feedforward neural network
is implemented. The data flow directly through
as inputs and produced an output if a particular
condition is met. Any changes with the behavior
and grazing patterns of the cattle in the grazing
field, especially going beyond boundaries, will
cause the application to trigger an appropriate
alert.
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CONCLUSION

This paper has presented a framework for the
modeling of cattle behavior through the monitoring
of cattle grazing patterns. The behavioral
change exhibited by cattle during grazing was
a reflection of so many happenings during
grazing. These behavioral changes exhibited by
cattle were monitored in the past using different
approaches, but this paper considered the use of
GPS monitoring collar that uses a network that
is cloud based for the recording of events data.
The usage of GPS as monitoring technology leads
to efficiency. The movement of the cattle in the
grazing field generates a function approximation
graph to identify the factors reacting to the cattle.
As there are different species of animal, so also
there are different behaviors exhibited by these
animals. The behavior of livestock, wild animals,
and domestic animals is not the same. Moreover,
the taxonomy of animal does not guarantee the
same behavior from them. This is a challenge for
monitoring the behavioral changes exhibited by
these animals. Animal tracking and monitoring
technology have progressed dramatically in the
past few years. An interesting thing worthy of
emphasizing in the course of this article is that,
with the application of GPS, one can encompass
a vegetation situation, change the behavior of the
very stubborn cattle, virtually monitoring cattle to
restrict their movement.

This work is just a hypothetical description of
a complex entity involved in the modeling of
cattle behavior through cattle grazing patterns.
Further research is required for the development
and investigation of the effect of the hypothetical
framework in controlled field experiments.
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