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AHHoTanus. B 371011 cTaThe IPUBOAUTCS 0030 YKONOTHUECKUX ACIEKTOB IIePEMEIICHHs, KOPMOIOOBIBAHHS U
KOPMIJIEHHSI KPYITHOTO POTaToro CKOTa, a TAK)Ke TEXHONIOTHH JaTYHKOB, KOTOPBIE MOTYT OBITH BCTPOEHBI B
OCHOBaHHYI0 Ha VHrepHere Bewied ruatdopmy sl MOJACPIKKH TOUHOIO >KMBOTHOBOACTBA. Bcero Obuin
IpOaHaIN3UPOBaHbI 43 peleH3HPOBAHHEIX XKYPHAIBHBIX CTAaThH, IpouHaekcupoBannsie Web of Science. Bo-
NePBbIX, ObUIM MICHTU(GHUIMPOBAHBI CEHCOpHBbIE TexHonoruu (Hampumep, RFID, GPS wnu akcenepomerp),
HCTIOJIb3yeMble aBTOPAMHU KaK0i CTaThu. 3aTeM JOKYMEHTHI ObLIH KJIaCCH(HIIMPOBAHBI B COOTBETCTBHU C UX
IPUMEHUMOCTBIO K IKOJOTMYECKHM HCCIEAOBAHMUAM B 001aCTH KOPMOZOOBIBAHMS U KOPMIICHHUSI CKOTa.
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1. Introduction

The Internet of Things (IoT) is a paradigm where every-day objects can be equipped with
identifying, sensing, networking and processing capabilities that will allow them to communicate
with one another and with other devices and services over the Internet to accomplish some objective
(1]

In Precision Livestock Farming, IoT is extended to farm animals, i.e., real-time monitoring
technologies aimed at managing the smallest manageable production unit’s temporal variability.
This approach is known as ‘the per animal’ [2].

For ecologists, understanding the reaction of animals to environmental changes is critical. Using
networked sensor technology to measure wildlife and environmental parameters can provide
accurate, real-time and comprehensive data for monitoring, research, and conservation of wildlife
(3], [4].

The scientific motivation of our review is to provide a comprehensive summary of the rapidly
developing area of sensors technologies for Precision Livestock Farming (PLF) from an IoT
perspective. The survey seeks to encourage computer scientists to conduct transdisciplinary research
in the field of veterinary computer sciences/veterinary sciences.

In this paper, we give an overview of the movement, foraging and feeding ecology as well as sensors
technologies that could be embedded into an loT-based platform for Precision Livestock Farming
(PLF). A total of 43 peer-reviewed journal papers indexed by Web of Science were surveyed. Firstly,
sensors technologies (e.g., RFID, GPS, or Accelerometer) used by the authors of each paper were
identified. Then, papers were classified according to their applicability to ecological studies in the
fields of foraging and feeding behavior.

The paper is organized as follows. We first motivate the need for an IoT-based collection of
movement and behavior data from the perspective of PLF. In addition, background information on
ecology is given (Section 2). We then present a level-based approach for conducting the review
(Section 3) and a classification of the literature based on such approach (Section 4). Next, we discuss
some potential areas of transdisciplinary research (Section 5) and finally provide concluding remarks
(Section 6).

2. Background

2.1 loT-based platform for livestock farming

Detailed observation of the movement and behavior of animals at pasture offers the potential to
understand spatial population processes as the ultimate consequence of individual behavior,
physiological constraints and fine-scale environmental influences such as heat stress [5], [6], [7],
[8].

Fig. 1 illustrates the integrated framework for farm management decision-making considered in this
paper. It consists of four main phases: a collection of animal movement data using [oT sensors,
transfer of data using communication technologies, analysis & planning conducted by data
managers, and, finally, decision-making. Particularly, in this paper, we focus on collecting animal
movement and behavior data on grassland-based farms.
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Fig. 1. lllustration of IoT Ecosystem for Precision Livestock Farming

2.2 Animal ecology

Ecology is the scientific study of the interactions of organisms with the environment that determine
their distribution and abundance. The environment of an organism consists of all those factors and
phenomena that can influence it, whether those factors be physical and chemical (abiotic) or other
organisms (biotic). Biotic means living, and biotic factors are the other, living parts of the ecosystem
with which an organism must interact (e.g., predators, invasive plants, etc.). Abiotic means a
nonliving condition or thing, as climate or habitat, that influences or affects an ecosystem and the
organisms in it, (e.g., arid soils). In animal ecology, every scientific problem resolves itself into a
quest for the relationship between two or more variables. The discovery of these inter-relations
provides the basis for prediction and control [9].

2.2.1 Movement Ecology

In the context of movement ecology, movement of an organism is defined as a change in the spatial
location of the whole individual in time [9]. Animal positions data provide the elemental unit of
movement paths and show where individuals interact with the ecosystems around them. The
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movement paths of animals over landscapes are represented by sequences of points (xi, yi) occurring
at times ti. Modeling animal movement from spatiotemporal data is generally performed using two
approaches, i.e., (i) the Lagrangian approach and (ii) the Eulerian approach [10]. The Lagrangian
approach is individual-based and entails tracking a specific individual, while the Eulerian approach
is place-based and deals with the probability of the presence of an individual or a group in a place
and the change of this occurrence over time. Movement metrics are quantities that might be
calculated directly from raw, uncorrected and unprocessed movement data. These metrics can be
grouped into two large categories: trajectory analysis metrics and space-use analysis metrics [11].
For describing the path, the most basic ones are the step length (the Euclidean distance between
consecutive relocations) and turning angle (the angle of one step relative to the step immediately
prior), and the distance traveled by animals [12]. Such distance is an important ecological variable
that links behavior, energetics, and demography. It is usually measured by summing straight-line
distances between intermittently sampled locations along continuous animal movement paths [13].

On the other hand, the space-use analysis is based on spatial data types. These data types define
points, lines, areas, and volumes. To measure the spatiotemporal change in a field population of
individuals, the population may often be sampled in two-dimensional space on a series of occasions.
The spatial pattern of data is usually shown in the form of maps where the two-dimensional
coordinates of every individual are recorded. In animal ecology, spatial data are often recorded as
counts of the number of individuals occurring in each of several sample units, where the location of
each unit is known [14].

In this review, movement ecology metrics are the basis for the rest of the subdisciplines shown
below.

2.2.2 Foraging Ecology

How animals search for their food arguably represents one of the most important aspects of foraging
ecology. Grazing behavior is an important process directly associated with animal nutrition intake,
fitness, and productivity [15], [16]. Ruminants are mammals that have a unique digestive system
that allows them to better use energy from fibrous plant material than other herbivores. The ruminant
digestive system uniquely qualifies ruminant animals such as cattle to efficiently use high roughage
feedstuffs, including forages. Monitoring the specific behaviors of ruminants, particularly grazing
and rumination, is important because these behaviors occupy much of the grazing cattle’s time-
budget [17]. Ruminant activity is an important index reflecting the health of animals with rumens.
When cows suffer from the disease, rumination time decreases significantly. The influence of a
variety of diseases affects the rumination time uniquely.

In general, animal’s states can be classified into sub-classes according to different standards and
purposes. Following the classification suggested in [18], the state classes we are using are shown in
Fig. 2.

Catthe
Behaviour
SN
Stationary Traveling
—\
Sitting Standing Running Walking
Sleeping  Rumminating Grazing  Drinking Rumminating  Grazing

Puc. 2. Knaccor nosedenus ckoma
Fig. 2. Classification of cattle behavior classes
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A better understanding of how cattle behave can be obtained with the help of fine spatiotemporal
scales. For example, the provision of shade to cows under heat stress conditions is an essential
component of heat management animals ruminating [19]

2.2.3 Feeding Ecology

Central to the study of animal ecology is how the environment is used by an animal: specifically,
the kinds of foods it consumes and the varieties of habitats it occupies. We define habitats as regions
in environmental space that are composed of multiple dimensions, each representing a biotic or
abiotic environmental variable; that is, any component or characteristic of the environment related
directly (e.g., forage biomass and quality) or indirectly (e.g., elevation) to the use of a location by
the animal. Environmental variables can be dynamic or static (e.g., predator density and slope,
respectively) and may be positively or negatively associated with use. Habitat use is the proportion
of their time that animals spend in a particular habitat [20], [21].

The abundance of a component is the quantity of that component in the environment, as defined
independently of the consumer. The availability of that component is its accessibility to the
consumer. The usage of a component by the consumer is the quantity of that component utilized by
the consumer in a fixed period. The selection of a component is a process in which an animal chooses
that component. Usage is said to be selective if components are used disproportionately to their
availability. The preference of a consumer for a particular component is a reflection of the likelihood
of that component being chosen if offered on an equal basis with others. In theory, components can
be ranked from "most preferred" to "least preferred." [21]. That what the animals select to eat given
a set of physical constraints can be defined as ‘selection.” For example, animals offered a sward
containing grass and clover in an intimate mixture have to search through the mixture to find their
preferred herbage. This requirement to search imposes a constraint on the animal’s ability to eat
what it wants, so is an example of selection [22]. Intuitively, animals should distribute themselves
according to the quality of habitats. If the selection is consistent with fitness, we should find more
animals in better-quality habitats [23].

3. Planning the review

Fig. 3 illustrates the flow of this section. Three levels of information are provided: animal level
offers brief information on animals considered in the context of this paper, loT elements level
provides an overview on IoT sensors, and finally, Ecology levels focus on the application of sensor
technologies for ecological studies.

Feeding Ecology

Ecology
Faraging Ecology level

Movement Ecology
Metrics definition)

Data interface

RFID, GPS, Accelerometers, Acoustic sensors 16T elements
(Collection of animal movement and behavior data) level

Attachment interface

b Bieas Wi oo S AN / Animal

Bulls Steers Heifers Cows Calves Herd level

Puc. 3. Konyenmyanonas cmpykmypa ananusza iumepamypbl
Fig. 3. The conceptual framework for the literature analysis
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3.1 Animal level

Cattle are social animals. They live in large groups, called herds. A herd may consist of just a single
or several cattle families. A bull is a mature male animal that is used for breeding. A steer is a
castrated male calf raised for beef. A dominant male (bull) guards a group of females (cows) and
their young (calves) protectively. A heifer is a female animal that has never had a calf. Once a heifer
has a calf, she automatically becomes a cow.

3.2 loT level

Radio Frequency Ildentification (RFID). Cattle identification and tracking refer to the process of
accurately recognizing individual cattle and their products via a unique identifier or marker. Animal
identification plays an influential role in understanding disease trajectory, vaccination and
production management, animal traceability, and animal ownership assignment. Classical cattle
identification systems can be grouped into three categories: permanent methods (e.g., ear notching,
ear tattooing, etc.), temporary methods, and electrical methods [24]. The RFID technology is a
breakthrough in the embedded communication paradigm which enables the design of microchips for
wireless data communication. They help in the automatic identification of anything they are attached
to acting as an electronic barcode. The passive RFID tags are not battery powered. They use the
power of the reader’s interrogation signal to communicate the ID to the RFID reader. Radio
frequency identification (RFID) tags can be activated by a specific radiofrequency to send location
information to a receiver. A passive RFID tag does not need any power source because it produces
needed energy by an antenna. The reading distances can be a few meters. The tracking system can
also work so that the moving objects have RFID tags and when a tag is close enough to a reader, the
location is measured. The RFID technology is usually used like this for animal identification. The
tracking resolution depends on the number of readers and the reading distance [25].
Accelerometry. Remote sensors, such as accelerometers, can monitor the behavior of animals
constantly. These devices are small, relatively low-cost and noninvasive. Accelerometers should not
influence the natural behavior patterns of animals in free-living conditions. An accelerometer detects
bodily acceleration, which is represented as an analog voltage created by a piezoelectric instrument
that is sensitive to compression in a vertical direction. Different types of devices are available and
the choice about which to use depends on various factors: cost (especially when large populations
are studied), physical characteristics (weight, size, and battery life), performance (number of axes,
possible epochs, system of data transfer, recording duration, function of the epochs, and the memory
capacity), and the validity and intra- and inter-instrument reliability [26], [27]. It is worth noting that
according to the number of axes, accelerometers can be classified in uniaxial, two-axil or tri-axial
devices (a.k.a. unidimensional (1D), two-dimensional (2D) and tri-dimensional (3D), respectively).
The tri-axial acceleration data is of specific interest as it provides quantitative data on body posture
and motion. The three axes of the accelerometer are aligned to the dorso-ventral axis, the anterior-
posterior axis and the lateral axis of the subject animal. These are termed (in biological parlance)
heave, surge and sway respectively. These axes are analogous to the Y, Z, and X axes in cartesian
coordinates [27] (fig. 4).

~ Z, Heave
- 1]

X, Surge

Y de “a
Y, Sway

Puc. 4. Cxema Koposul ¢ HawieliHbIM 0amyuKom
Fig. 4. Schematic of cow with a collar
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Global Positioning System. Today, the majority of movement ecology research depends upon more
advanced satellite technology, referred to broadly as Global Positioning Systems (GPS), to record
animal locations at finer spatial and temporal resolutions. Global Positioning System (GPS) units
derive positions from internal receivers monitoring signals from an array of 24 earth-orbiting [28].
Radio-collars and other sensors equipped with global positioning systems (GPS) allow providing a
continuous record of animal locations (a.k.a relocations) that remains unobtainable using traditional
technologies such as very-high-frequency (VHF) devices. The determination of the GPS relocations
is based on receiving track and time mark signals from satellites and calculating a receiver location
based on distances to satellites.

Acoustic sensors. Eating and ruminating last for a considerable period and account for most of a
ruminant’s daily activity. The direct and continuous observation of these activities is labor-intensive,
time-consuming, and frequently not feasible. These difficulties have promoted the development of
automatic recording devices. Regurgitation and rumination produce distinctive sounds that are
recorded by a microphone, processed, digitally stored. The method allows accurate counts of
ruminant bites, chews, and complex chew-bite events. Acoustic monitoring can be carried out offline
(i.e., restricted to desktop computers) or in real-time [29], [30]. Acoustic sensors can be found as
independent devices on the market (e.g. [31] or embedded into accelerometer devices.

3.3 Interfaces

Attaching measuring devices to animals is often the only way to acquire vital life-history information
on species that do not lend themselves to observation. However, the ethics of acceptable practice for
attached devices are poorly defined. Here, we consider the need for further research and attempt to
identify a system that allows animal restraint practices and device-induced effects to be quantified
and monitored so that ethics committees can have a defined scale on which to base decisions [32].
In general, sensors here reviewed can be attached to different parts of the animal body, e.g., legs,
neck, and ears. Miniaturized sensors play a significant role in ecology-related researches. In the
seminal paper by (Ungar et al., 2005), cows were fitted with leg-attached GPS collars weighing
about 1.15 kg [33]. Nowadays, GPS collars are commonly used. It should be noted that many sensors
are dataloggers; hence, handing animal is needed for retrieving data.

4. Classification of literature

The literature was classified according to its content into the following major categories: Movement
Ecology, Foraging Ecology, and Feeding Ecology. Some of these top-level categories were further
broken down into sub-categories.

4.1 Movement Ecology

A variety of global positioning system tracking collars for use on cattle has been developed. In
general, these collars can be manufactured by companies or custom-built. According to [34], the
effect of GPS sample interval and paddock size on estimates of distance traveled by grazing cattle
in rangeland is an important issue to consider.

The number of animals required to represent the collective characteristics of a group remains a
concern in animal movement monitoring with GPS. Monitoring a subset of animals from a group
instead of all animals can reduce costs and labor; however, incomplete data may cause information
losses and inaccuracy in subsequent data analyses. In cattle studies, little work has been conducted
to determine the number of cattle within a group needed to be instrumented considering subsequent
analyses. In [35], a characterization of cattle movement is conducted. Metrics for analyzing herd
movements, such as average herd travel speed, daily travel distances, average herd radius, average
centroid location deviation, and average herd radius deviation, are considered. In [36], it is evaluated
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how closely do collared animals cluster in their herd and how well do different logging intervals
affect estimations of total distance traveled by collared animals.

4.2 Foraging ecology

Animal behavior such as, walking, foraging, standing, lying, can be derived from high-frequency
GPS. This approach allows tracking cows in open and forested habitat [37], [38], [39]. Spatio-
temporal patterns of cattle grazing were studied in four annual grassland pastures in North America,
differing mainly in tree canopy cover. Cows were equipped with global positioning collars that
recorded position, temperature and head movements at 5-min intervals during six days in each of
four seasons repeated during two years. The time animals took to traverse areas of varying diameter
revealed patches of 6-9-m diameter in the pastures with low, and 18-21-m diameter in the pastures
with high tree canopy cover [40]. The authors of [41] analyze a high-frequency movement dataset
for a group of grazing cattle and investigate their spatiotemporal patterns using a mobility model. In
[42], the spatiotemporal dynamics of cattle behavior and resource selection patterns on East African
rangelands. Based on the integration of GPS-tracking and field observations, this study links cattle
behavioral types with statistical parameters of movement, analyzes spatiotemporal dynamics of
behavior and predicts resource selection patterns.

In livestock farming, the accurate prediction of calving time is a key factor for profitability and
animal welfare. Continuous monitoring systems can detect behavioral changes occurring on the
actual day of calving, some of them being accentuated in the last few hours before delivery;
standing/lying transitions, tail raising, feeding time, and dry matter and water intakes differ between
cows with poor health conditions. Use of these behavioral changes has the potential to improve the
management of calving [43].

In [44], a behavioral model of the pasture-based dairy cow that requires incoming, transformed GPS
data collected from cattle to be partitioned into segments of a fixed length before behavioral
classification into grazing, resting or walking. GPS data such as distance traveled (m) and turning
angle (degrees) were used by the developed model. In [45], GPS data collected over a 4-yr period
on 52 crossbred young cows grazing a 146-ha pasture were used to determine whether cattle
establish patch-scale rotational grazing patterns within pastures.

Distinguishing cattle foraging activities using accelerometry-based activity monitors is widely
reported in the literature. For example, grazing behavior [46], lying, standing or walking [47],
walking and standing [48], lying time and frequency of lying bouts [49], lying behavior [50],
grazing, rest, travel [51]. In [52], an in-depth study of wireless sensor networks applied to the
monitoring of animal behavior in the field is described. Herd motion data, such as the pitch angle of
the neck and movement velocity, were monitored by a sensor equipped with a 2-axis accelerometer.
In many studies, rumination is assessed by using accelerometers with acoustic sensors included. In
[53], accelerometer systems have been validated for detecting rumination time, chewing cycles, and
rumination bouts. Accelerometer data on cow activity and rumination have been used for improving
prediction of the start of calving in dairy cows [54] as well as monitoring feeding behavior in feedlot
cattle [55]. In [56], various supervised machine learning techniques were applied to classify cattle
behavior patterns recorded using collar systems with 3-axis accelerometer, fitted to individual dairy
cows to infer their physical behaviors. In [57], estimation of grass intake on pasture for dairy cows
using tightly and loosely mounted di- and tri-axial accelerometers combined with bite count. In [58],
the influence of breed, milk yield, and temperature-humidity index on dairy cow lying time, neck
activity, reticulorumen temperature, and rumination behavior is assessed. In [59], cattle adaptation
to heat stress is assessed. The movement, ruminating time and weight gain between 2 breeds kept
for 80 days at pasture during tropical spring are compared. Animal motility (measured using an
accelerometer) and rumination time (minutes/day, using a sound sensitive sensor) were evaluated
through a collar-sensor by radio telemetry. Rumen temperature was recorded at 10 min intervals
using RFID rumen temperature sensor. A 3-dimensional accelerometer is attached to the RFID ear
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tag, and an online application provided by the manufacturer records time spent feeding, ruminating,
active, and resting per hour and per day. Raw data were transmitted every minute through radio
ZigBee-based frequency technology [57].

Other authors have assessed rumination and activity patterns by using accelerometers. For example,
rumination, feeding, activity, and animal temperature [54], feeding, ruminating, active, and resting
[55], rumination time, chewing cycles, and rumination bouts [53], lying time, neck activity,
reticulorumen temperature, and rumination time [58], grazing, searching, ruminating, resting, and
scratching [56], level of activity and rumination [60], grazing, ruminating, walking, resting
behaviors to develop algorithms for pasture intake by individual grazing cattle [61], rumination and
its relationship to feeding and lying behavior in Holstein dairy cows] [62]. In [63], GPS locations
were recorded to calculate mean slope, elevation, distance from water, distance traveled per day,
and elevation for each cow.

Relationships between ambient conditions, thermal status, and feed intake of cattle during summer
heat stress with access to shade. Ear tags, telemetrically connected to a feed monitoring system,
provided animal data using RFID technology. Data loggers recorded ambient conditions in the sun
and shade, along with black globe temperature [64]. The authors of [40] hypothesize that when
forage is of low quality and abundant, animals will fill up faster and tend to travel shorter distances
while grazing, thus imposing greater heterogeneity of forage utilization. GPS collars were
programmed to record a position every 5 min for each one-week grazing period. Collars recorded
longitude, latitude, date, time, elevation, temperature, forward-backward collar movement, left—
right collar movement and satellite ephemeris information. Data were downloaded from the collars
following each grazing period and differentially corrected by removing the positional error recorded
by a stationary ‘base’ unit whose true coordinates were known. Authors conclude that shade
distribution can modulate meal start and duration. [65] investigates the direct effects of tightly
bunched herding versus loosely bunched herding on foraging behavior, nutrition, and performance
(weight gain) of cattle in semiarid savanna rangeland. To this end, the mean daily distance covered
by the herds under study are quantified.

4.3 Feeding ecology

To understand the spatial extent of grazing bouts and to determine the speed at which the animals
were moving, the authors of [66] record GPS coordinates at the start and end of each feeding bout
to determine the distance covered by the herd. In the conducted experiments, feeding ecology of
four livestock species under different management in a semi-arid pastoral system is assessed. In
[67], the development of a threshold-based classifier for real-time recognition of cow feeding and
standing behavioral activities from accelerometer data is presented. In [68], the use of sensors
combining local positioning and acceleration is used to measure feeding behavior differences
associated with lameness in dairy cattle. It is worth noting that cattle lameness is one of the most
significant welfare and productivity issues in dairy farming. That is why, to asses lameness by visual
methods, a 5-point lameness scoring system that assessed gait and back posture has been developed
(see [69]). In [57], estimation of grass intake on pasture for dairy cows using tightly and loosely
mounted di- and tri-axial accelerometers combined with bite count are carried out. In [70],
determination of minimum meal interval and analysis of feeding behavior in shaded and open-lot
feedlot heifers as conducted by using RFID technology.
In [71], GPS units are deployed to monitor cattle movements and habitat use and to assess the impact
of cattle grazing on vegetation. In [72], GPS data were used to quantify the movement patterns of
elephant bulls, buffalo and cattle at multiple scales and according to seasonal changes of surface
water availability. In [73], space use and movement trajectory statistics are assessed to We identify
site fidelity patterns in animal location data.
Electronic radio-frequency-identification-based systems can be used for measuring: feeding
behavior traits in beef cattle [74,75]; factors affecting water intake of growing beef cattle [62];
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feeding time and dry matter intake (DMI) by recording each time each cow placed her head into the
feed bin, and calculated the total duration of the feeder visit as well as the amount of feed consumed
during that visit. In [76], RFID-based system for monitoring individual feeding and drinking
behavior and intake in young cattle is validated. In [77], RFID technology is used to record grazing
beef cattle water point use.

4.4 Summary

In Table 1, based on the subdisciplines of Ecology shown in Section 2, we summarize the studies
published in the literature. We want to note that the scope of some is not limited to a single category.
For example, [40] studies aspects of the three subdisciplines here reviewed while [55], [57], [64],
[68] address only aspects of foraging and feeding ecology.

Ta6n, 1. Knaccugurayusi cmameii, paccmompennulx 6 noopazoenax 4.1-4.3.
Table 1. Classification of the reviewed papers in Subsections 4.1-4.3

Major GPS RFID Accelerometer
category
Movement | [40], [63], [34],
Ecology [35], [36], [44],
[65], [66]
Foraging [37], [38], [39], [64], [68] [52], [53], [54],
Ecology [40], [41],[42], [55], [56], [57],
[43], [44], [46], [58], [59], [60],
[47], [48], [78], [61]
[50], [51], [66],
[67], [69]
Feeding [40], [42], [43], [61], [64], [68], | [55],[57],,[61]
Ecology [63], [64], [65], [71], [72], [73],
[69], [70] [74],

5. Discussion

Rapid advances in technology are allowing scientists to use data-recording units to acquire huge,
quantitative datasets of behavior from animals moving freely in their natural environment. For
analyzing animal movement data, a number of R software packages have been developed, e.g.,
moveHMM [79], ctmm [80], feedr and animalnexus.ca [81], trajr [82].

Data-driven agriculture involves the collection of enormous, dynamic, complex and spatial data
which requires storage and processing. Great gains can be made by sharing online and exchanging
animal tracking data. Two examples are: (1) Movebank project [83], [84], and (2) OzTrack project,
[85]. Cloud-based data storage or farm-based storage can be considered for storing data. The use of
cloud IoT platforms allows for big data collected from sensors to be stored in the cloud.

The ultimate goal is to suggest managerial options to the farmer. Specialized grassland management
techniques allow farmers to improve the decision-making process by applying sound principles and
guidelines for managing cattle grazing in the grazing lands [86]. To this end, behavioral models for
a pasture-based dairy cow from GPS data can be developed. These models can use, for example,
data mining, machine learning techniques [87], or Markov models [44].

Foraging activities and questions of energy optimization are difficult to quantify in practice, but
recent advances in Geographic Information Systems (GIS) and Global Positioning Systems (GPS)
have a greatly simplified examination of many spatially related phenomena.
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From the hardware viewpoint, custom-built, open-source GPS datalogger based on Arduino for
collecting data can be designed and built (see [36]).

6. Conclusions

This paper has reviewed the literature on sensors in livestock farming and provides an overview of
existing applications. The review shows that the subject received a lot of attention from the scientific
community. The value of technology can be best realized when integrated with agronomic
knowledge, using the information gathered in the improvement of decision support systems.

Both computer science scientists and veterinary science scientists can use the information here
provided for conducting transdisciplinary researches.
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