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Abstract: In order to graze animals on farms in large areas,
fences must be installed. For this reason, installation and
maintenance costs are high. To solve this problem and to manage
animals efficiently, we want to use virtual fences based on IoT
system. A virtual fence is not about installing a physically
contiguous fence but using the least 10T device to get the effect of
the existing fence. As described above, since the virtual fence is
not an invisible and continuous object, it can beformed in various
shapes other than a rectangular shape. Virtual fences can be
implemented using a variety of sensors and embedded systems
currently availablein the marketplace. This can reduce the cost of
installing and maintaining an existing fence and provide
additional benefits such as tracking the health of the animal and
movement tracking. In this paper, we propose a virtual fence
algorithm. The proposed algorithm can proposean animal'srange
of motion and take action according to specified rules. The
simulation results show that the proposed algorithm can manage
the animalsin the virtual fence well.
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I. INTRODUCTION

In the livestock industry, the easiest way to manage
animals within a certain range is to build and build a fence.
However, the construction of the fence has a problem that the
initial cost increases greatly depending on the size of the
management area, and manpower and cost for maintenance
are large. For this reason, many livestock industries are
interested in introducing virtual fence technology using
embedded systems [1]. Virtua fence technology utilizes IT
technology to create virtual boundaries with functions such
as normal fences in an anima environment. Virtual fences
are amed at creating specific areas in large areas and
alowing animalsto stay out of the area. Compared to regular
fences, virtual fences can have several advantages. First, by
using I T technology in avirtual fence, the cost of maintaining
the existing fence can be reduced. Once the existing fenceis
built, it costsalot to moveto the new area. However, avirtual
fence can cost a lot by moving only a few pieces of
equipment. Secondly, introducing a virtual fence enables
efficient management of animals. In the environment where
the general fence is installed, management of the animal
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management personnel is needed from time to time, and
when the animal leaves the fence, it is difficult to find the
animal. With the introduction of virtual fences, animals can
be found easily even if they are located in an invisible area
[2]. To build a virtual fence, you can use two technologies
that are commonly used in IT. The first is to use a radio
frequency (RF) signal. In the initial virtual fence study, the
RF module was mentioned and early experiments using it
were done. The virtual fence system using the RF module is
equipped with a simple system equipped with an RF module
for all the animals in the virtual fence, which sends a signal
when the animal is moving, processes the signal [2, 3]. The
second is to use the GPS module. The GPS module was
initially used to track the location of the animals inside the
fence [3]. The initial GPS module was unable to accurately
measure the position of the animal due to the limitations of
technology. Recently, it has been possible to reduce the
accuracy to within £ 5 ~ 10m. However, location
measurement using GPS can degrade the accuracy of position
measurement depending on the terrain environment. In recent
years, due to the accurate GPS module, many network
devices are adopting GPS module [4, 5, 6, 7]. In this study,
we propose a method to implement an unmanned farm using
a small embedded board that can fire GPS modules. The
unmanned farm can be configured in the form of a polygon
and the shape can be modified according to the
environmental tax in which the virtual fenceisinstalled. The
GPS module and embedded board are built into the necklace
and various types of animals to be placed inside the virtual
fence. The mounted board must have network capability and
transmit to the base station that can collect the received GPS
information. Based on the transmitted information, the
animals approaching the virtual fence receive a signal from
the base station to reproduce sounds that the animal dislikes
but can drive the vibration device to control the virtual fence.
We prove that the proposed unmanned farm can be
implemented through simulation experiments. Therest of the
paper is as follows. The following two sections describe the
unmanned farm implementation proposed in this paper.
Section 3 explainsthe experimental results. Finally, Section 4
describes conclusions and future plans.

[I. UNMANNED FARM USING VIRTUAL FENCE

The proposed unmanned fam is consisting with a popular
GPS module and an embedded board. At this time, the
embedded board should be able to acquire the position
information through the GPS module and transmit the
infformation to the base station that can collect GPS
information through the network and handle the work.
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In recent years, many smart phones have built-in GPS
module and network, so it is possible to replace embedded
board with smart phone.

Fig. 1 shows the structure of the virtual fence in the
simplest way. It is prevalent. Virtual Fence Line (VFL) may
be formed in a circular shape having a radius R from the
center point CP of the fence as a starting point. This is the
structure of the most basic virtua fence. Depending on the
farm environment, multiple CPs can be arranged to form
virtual fences with polygons.

VFO
Virtual Fence Outline

VFL
Virtual Fence Line

-~ CP
! Center Point

Fig.\_l.Structure of Virtual Fence

A certain area can be alocated inside the VFL and this area
can be displayed as a virtual fence internal line VFI. If the
anima with the GPS is near the VFI, it will play the sound
that the animal didikes, allowing the animal to stay inside the
virtual fence. When the animal entersthe VFI and approaches
the VFL, use aphysical device, such asvibration, along with
the sound to prevent the animal from escaping the VFL.
Finally, if the animal moves out of the VFL and is positioned
between the VFOs, it will generate sound and vibration, and
will also advise the administrator so that the animal will be
prevented from escaping the fence as much as possible. The
virtual fence algorithm can be operated based on the rules
using the virtual fence structure and the animal location Ax
described above. Table 1 summarizes the virtua fence
algorithm rules.
Table- I: Rulesfor warning

ety
Ax < (VFI-A) None
(VH -A)<Ax | Play Sound
VFI <Ax< VFL Play Sound, Vibration
VFL <Ax< VFO zldarr{inisst?:tgtrj’ Vibration, Notify the

I11. EXPEIRMENT RESULTS

In order to verify the proposed unmanned farm algorithm, a
simulator program was developed and tested. Fig. 2 shows
the ssimulator produced, and it is possible to construct various
types of virtual fences and experiment with various animals.

In the experiment, the diameter of the CFL is set to 10m
assuming a circular virtual fence. The CFl diameter is set to
9m and the CFO diameter is set to 11m. If acircular fenceis
not possible due to an obstacle in an environment in which a
virtual fence is required, a plurality of circular virtual fences

Retrieval Number: B2333129219/2019©BEIESP
DOI: 10.35940/ijeat.B2333.129219
Journal Website: www.ijeat.org

may be configured to form a polygon. In addition, a

rectangular virtual fence can be constructed.
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Fig. 2.Simulation program for virtual fence

In the simulation experiment environment, various animals
can be experimented. The moving speed of the quantity used
in the experiment was set 30% faster than the positive
average speed of 40 km/h, and the positive shift was
randomly set according to the positive habit. It assumesthat it
has an embedded board equipped with ASCEN ultra
miniature GPS module AKML3C (position error 2.5 ~ 3m)
and transmits its position once every 1s. At this time, any
board can be used if the embedded board can have a GPS
module and a network module capable of transmitting GPS
data

Fig. 3 shows the number of attempts to escape beyond the
VFL when the experiment was run for 30 minutes with 10
sheep. The number of attempts to escape the fence was 36
times in 8 times and the number of attempted escapes was 7
timesin 10 times. Fig. 4 shows the sheep movements at this
time. According to the number of escape attempts by virtual
fence, the number of escapes decreased by about 42% when
thevirtual fence wasturned on. Thisis because the amount of
sound and vibration that occurs when the amount exceeds the
VFL changesits position to the inside of the VFL.
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Escape counts
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Fig. 3.Number of attempts
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Fig. 4.Posision tracking for the lambs

IV. CONCLUSIONS

In this paper, we propose a virtual fence and proposed an
unmanned farm. A virtual fence is built using IoT, not a
physically connected fence. By using this, it is possible to
manage the animals efficiently compared to the existing
fence, and it is possible to reduce the hand loss of the person.
In addition, we propose an agorithm that can control the
movement of an animal using an embedded system and show
the possibility of the algorithm through simulation
experiment. In the future research, we will apply the
algorithm and experiment with actual animal 10T equipment.
All experiments using animals will be carried out with
national permission.
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