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TECHNIQUE FOR RECOGNIZING
WHETHER A SOW HAS COMPLETED

FARROWING OF A NEWBORN PIGLET

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority pursuant to 35 U.S.C. 119
(a) to Korean Patent Application 10-2024-0098594, filed Jul.

25, 2024, which application i1s incorporated herein by ret-
erence 1n 1ts entirety.

BACKGROUND
1. Technical Field

The present disclosure relates to a technique for recog-
nizing whether a sow has completed farrowing of a newborn
piglet, and more specifically, to a device and a method for
recognizing whether the sow has completed farrowing of the
newborn piglet based on a change 1n output values generated
by sequentially inputting each of a plurality of image frames
constituting video data into a pre-trained artificial intelli-
gence model.

2. Related Art

Recently, as the global pig farming industry has rapidly
scaled up, there has been a growing demand for high
productivity at low cost. To meet this demand, the introduc-
tion of highly prolific sows—such as Danbred and PIC
breeds, which give birth to 15 to 20 piglets per farrowing—
has been increasing.

In addition, to prevent farrowing at night and to facilitate
batch processing during daytime hours, 1t has become com-
mon practice to administer an iduction agent (PGF2a) to
sows near the expected farrowing date in order to induce
farrowing within a certain period of time.

Although a large number of piglets are born from such
highly prolific sows, the average birth weight of the piglets
tends to be low, resulting 1n a lower survival rate unless they
are managed caretully.

Although the gestation period of pigs 1s known to be 114
days, actual farrowing often varies by approximately +2
days from the expected date depending on the individual.
For operational convenience, mnduction agents are adminis-
tered, but piglets born early as a result tend to have lower
birth weights, leading to a lower survival rate unless man-
aged with care.

In addition, highly prolific sows tend to have longer total
tarrowing durations, and piglets born later 1n the farrowing
sequence 1gest colostrum containing lower concentrations
of immunoglobulin G (IgG), resulting in reduced 1mmunity
and lower survival rates, which poses a limitation to improv-
ing productivity.

In addition, one of the most longstanding 1ssues has been
the occurrence of 1ntrauterine stillbirths due to dystocia, in
which the farrowing interval exceeds approximately 135
minutes as a result of deteriorated health or physical con-
dition of the sow, and deaths caused by asphyxiation when
piglets are born covered 1n fetal membranes.

In addition, in countries like Korea, where there are
distinct seasonal changes and large temperature fluctuations,
and where intensive farming environments are common,
low-birth-weight piglets born from highly prolific sows or
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born prematurely tend to die more easily, resulting in a
higher mortality rate compared to advanced livestock-pro-

ducing countries.

Due to these factors, the marketed pigs per sow per year
(MSY) 1mn Korea remains significantly low at around 17 to
18, compared to 28 to 35 1n advanced livestock-producing
countries, making improvement 1n this area an urgent issue.

To address these 1ssues, the domestic pig farming industry
has conventionally relied on workers visually checking each
sow to determine the start of farrowing and taking imme-
diate action when abnormal signs are detected. However,
due to the nature of the industry, where the number of
ammals 1s large, 1t 1s practically dithicult to manage all
individual sows meticulously, and it 1s especially challeng-
ing to monitor sows that farrow at night or during late hours.

Some farms have used remote monitoring systems based
on CCTYV cameras, but these also ultimately rely on human
visual inspection, and therefore do not provide a fundamen-
tal solution.

Accordingly, there 1s a growing need to develop a tech-
nique for recognizing whether a sow has completed farrow-
ing of a newborn piglet.

SUMMARY

The present disclosure 1s intended to address the afore-
mentioned problems, as well as other 1ssues.

A technical problem to be achieved by some embodiments
of the present disclosure 1s to recognize whether a sow has
completed farrowing of a newborn piglet.

The techmical problems to be addressed by the present
disclosure are not limited to those mentioned above, and
other technical challenges not explicitly stated will be read-
1ly understood by those skilled in the art from the following
description.

According to some embodiments of the present disclo-
sure, a method for recognizing whether a sow has completed
farrowing of a newborn piglet by a processor of a device
comprises: acquiring video data in which at least part of the
sow 1s captured from an external device through a commu-
nication unit; and recognizing whether the sow has com-
pleted farrowing of the newborn piglet based on a change in
output values related to each of a plurality of 1image frames
constituting the video data, the output values being values
output from a pre-trained artificial intelligence model by
sequentially inputting each of the plurality of image frames
constituting the video data into the pre-tramned artificial
intelligence model, wherein the pre-trained artificial intelli-
gence model, when a first image frame, among the plurality
of image frames constituting the video data, 1n which at least
part of edges of a plurality of objects forms a preset shape
1s 1nput, may output an output value including a first specific
class value indicating that farrowing 1s i1n progress and
information on a region where the first specific class value
1s recognized.

According to some embodiments of the present disclo-
sure, the plurality of objects may include a piglet of which
at least part of a preset portion has been discharged from a
uterus of the sow, and a uterus of the sow.

According to some embodiments of the present disclo-
sure, the preset shape may be an H-shape.

According to some embodiments of the present disclo-
sure, the mformation may include information related to a
position of a center value of the region and information
related to a size of the region.

According to some embodiments of the present disclo-
sure, the information related to the size of the region may
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include a hornizontal length value obtained by dividing a
horizontal length of the region by a horizontal length of the
first 1mage frame, and a vertical length value obtained by
dividing a vertical length of the region by a vertical length
of the first image frame.

According to some embodiments of the present disclo-
sure, the information related to the position of the center
value may indicate a position at which a point located at a
center of the region 1s placed 1n the first image frame.

According to some embodiments of the present disclo-
sure, when a second 1mage frame, captured before farrowing
and including the uterus of the sow, among the plurality of
image frames constituting the video data, 1s mput nto the
pre-trained artificial intelligence model, the pre-trained arti-
ficial intelligence model may output an output value includ-
ing a first farrowing recognition class value indicating that
the uterus of the sow 1s included in the second 1mage frame
and information on a region i which the first farrowing
recognition class value 1s recognized.

According to some embodiments of the present disclo-
sure, the first specific class value may be defined as a state
in which the at least part of the preset portion of the piglet
has been discharged from the uterus of the sow but the preset
portion of the piglet has not yet been completely discharged
from the uterus.

According to some embodiments of the present disclo-
sure, when a third image frame, among the plurality of
image Iframes constituting the video data, 1s 1input nto the
pre-trained artificial intelligence model, the pre-trained arti-
ficial intelligence model may output an output value includ-
ing a second farrowing recognition class value and infor-
mation on a region 1 which the second farrowing
recognition class value 1s recognized, and the third image
frame may 1nclude an 1mage related to a time point before
the preset portion of the piglet 1s discharged from the uterus
of the sow, after the sow has started the farrowing of the
piglet, or related to a time point after the preset portion of the
piglet has been completely discharged from the uterus, after
the sow has started the farrowing of the piglet.

According to some embodiments of the present disclo-
sure, when a fourth image the frame, among plurality of
image Iframes constituting the video data, 1s 1input nto the
pre-trained artificial intelligence model, the pre-trained arti-
ficial intelligence model may output an output value includ-
ing a second speciiic class value and information on a region
in which the second specific class value 1s recognized, and
the fourth 1mage frame may include an 1image 1n which the
at least part of the preset portion of the piglet has been
discharged from the uterus of the sow but the preset portion
of the piglet has not yet been completely discharged from the
uterus, and at least one of the uterus or the piglet 1s covered
by a preset obstacle.

According to some embodiments of the present disclo-
sure, when a fifth image frame, among the plurality of image
frames constituting the video data, 1s input into the artificial
intelligence model, the pre-trained artificial intelligence
model may output an output value including a third specific
class value and information on a region in which the third
specific class value 1s recognmized, and the fifth 1image frame
may include an 1image 1n a state 1n which the at least part of
the preset portion of the piglet has been discharged from the
uterus of the sow but the preset portion of the piglet has not
yet been completely discharged from the uterus, and a preset
object overlaps the piglet

According to some embodiments of the present disclo-
sure, the preset obstacle may be defined as a fixing frame for
preventing the piglet from being crushed.

10

15

20

25

30

35

40

45

50

55

60

65

4

According to some embodiments of the present disclo-
sure, the preset object may include at least one of a tail of
the sow, another piglet that was farrowed before the piglet,
and a placenta.

According to some embodiments of the present disclo-
sure, a computer program stored 1 a computer-readable
storage medium, wherein the computer program, when
executed by a processor of a device, performs steps for
recognizing whether a sow has completed farrowing of a
piglet, the steps comprising: acquiring video data in which
at least part of the sow 1s captured from an external device
through a communication unit; and recognizing whether the
sow has completed farrowing of the newborn piglet based on
a change 1n output values related to each of a plurality of
image frames constituting the video data, the output values
being values output from a pre-trained artificial intelligence
model by sequentially mputting each of the plurality of
image frames constituting the video data into the pre-trained
artificial intelligence model, wherein the artificial intell:-
gence model, when a first image frame, among the plurality
of image frames constituting the video data, 1n which at least
part of edges of a plurality of objects forms a preset shape
1s 1nput, may output an output value including a first specific
class value indicating that farrowing 1s i1n progress and
information on a region where the first specific class value
1s recognized.

According to some embodiments of the present disclo-
sure, a device for recognizing whether a sow has completed
farrowing of a newborn piglet comprises: a communication
unit configured to acquire video data, 1n which at least part
of the sow 1s captured, from an external device; a storage
unit storing a pre-trained artificial intelligence model and at
least one program 1nstruction; and a processor configured to
execute the at least one program instruction, wherein the
processor 1s configured to sequentially input each of a
plurality of image frames constituting the video data into the
pre-trained artificial intelligence model, and recognize
whether the sow has completed farrowing of the newborn
piglet based on a change in output values related to each of
a plurality of 1image frames constituting the video data, the
output values being values output from a pre-trained artifi-
cial intelligence model by sequentially inputting each of the
plurality of image frames constituting the video data mto the
pre-trained artificial intelligence model, wherein the artifi-
cial intelligence model, when a first image frame, among the
plurality of image frames constituting the video data, in
which at least part of edges of a plurality of objects forms a
preset shape 1s iput, may output an output value including
a first specific class value indicating a state indicating
ongoing farrowing and information on a region where the
first specific class value 1s recogmzed.

The technical solutions that can be obtained from the
present disclosure are not limited to those described above,
and other solutions not mentioned herein will be clearly
understood by those skilled 1n the art to which the present
disclosure pertains from the following description.

The effects of the method for recognizing whether a sow
has completed farrowing of a newborn piglet according to
the present disclosure are as follows.

According to some embodiments of the present disclo-
sure, 1t 1s possible to accurately determine whether a sow has

completed farrowing ol a newborn piglet.
The eflects that can be obtained through the present

disclosure are not limited to those described above, and
other effects not mentioned herein will be clearly understood
by those skilled 1n the art to which the present disclosure
pertains from the following description.
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BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments of the present disclosure are
described with reference to the drawings, wherein like
reference numerals are used to collectively refer to similar
components. In the following embodiments, numerous spe-
cific details are provided for the purpose of illustration and
to ofler a comprehensive understanding of one or more
embodiments. However, 1t will be apparent that such
embodiments may be implemented without these specific
details.

FIG. 1 1s a diagram for explaming a system for recog-
nizing whether a sow has completed farrowing of a newborn
piglet according to some embodiments of the present dis-
closure.

FIG. 2 1s a diagram for explaining a pig house 1n which
an 1mage acquisition unit 1s installed according to some
embodiments of the present disclosure.

FIG. 3 1s a block diagram for explaining a device accord-
ing to some embodiments of the present disclosure.

FIG. 4 1s a flowchart for explaining an example of a
method for recognizing whether an event indicating that a
sow has completed farrowing of a newborn piglet has

occurred, according to some embodiments of the present
disclosure.

FIG. 5 1s a diagram for explaining an example of a method
for recognizing whether an event indicating that a sow has
completed farrowing of a newborn piglet has occurred,
according to some embodiments of the present disclosure.

FIGS. 6 to 9 are diagrams for explaining examples of
output values generated by a pre-trained artificial intelli-
gence model according to some embodiments of the present
disclosure.

FIG. 10 1s a flowchart for explaining an example of a
method for determining whether a sow has completed {far-
rowing ol a newborn piglet according to some embodiments
of the present disclosure.

FIG. 11 1s a schematic diagram showing an artificial
intelligence model according to an embodiment of the
present disclosure.

DETAILED DESCRIPTION

Hereinafter, various embodiments of the device according
to the present disclosure and a control method of the device
will be described 1n detail with reference to the drawings.
The same reference numerals will be assigned to the same or
similar components regardless of the drawing numbers, and
repeated descriptions thereof will be omatted.

The objects and eflects of the present disclosure, as well
as the technical configurations for achieving them, will
become apparent with reference to the embodiments
described 1n detail below together with the accompanying
drawings. In describing one or more embodiments of the
present disclosure, detailed descriptions of related known
technologies will be omitted when 1t 1s determined that such
descriptions could obscure the gist of at least one embodi-
ment of the present disclosure.

The terms used 1n the present disclosure are defined in
consideration of the functions of the present disclosure, and
may vary depending on the intention or usage of the user or
operator. In addition, the accompanying drawings are pro-
vided solely to facilitate understanding of one or more
embodiments of the present disclosure, and the technical
spirit of the present disclosure 1s not limited by the drawings.
It should be understood that all modifications, equivalents,
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6

and substitutes that fall within the spirit and scope of the
present invention are icluded.

In the following description, the suilixes “module” and
“unit” used for the components are assigned or used inter-
changeably solely for convenience of description, and do not
have distinct meanings or roles by themselves.

Terms including ordinal numbers such as “first” and
“second” may be used to describe various components, but
the components are not limited by these terms. These terms
are used only for the purpose of distinguishing one compo-
nent from another. Therefore, a first component I mentioned
below may be a second component within the technical
spirit of the present disclosure.

Unless clearly indicated otherwise in the context, the
singular expressions 1nclude the plural expressions. That 1s,
unless otherwise specified or clearly indicated as singular in
context, the singular forms 1n the present disclosure and the
claims should be interpreted as meaming “one or more.”

In the present disclosure, terms such as “comprising,”
“includes,” or “having™ are intended to specily the presence
of stated features, numbers, steps, operations, components,
parts, or combinations thereol, but are not intended to
preclude the presence or addition of one or more other
features, numbers, steps, operations, components, parts, or
combinations thereof.

In the present disclosure, the term “or” 1s to be understood
as having an inclusive meaning rather than an exclusive
meaning, unless explicitly stated otherwise or clearly indi-
cated by the context. That 1s, “X uses A or B” 1s intended to
mean any of the naturally inclusive interpretations: X uses
A; X uses B; or X uses both A and B. In addition, the term
“and/or” as used 1n the present disclosure should be under-
stood to encompass all possible combinations of one or more
of the listed items.

In the present disclosure, the terms “information” and
“data” may be used interchangeably.

Unless otherwise defined, all terms (including technical
and scientific terms) used in the present disclosure shall have
meanings commonly understood by those skilled 1n the art
to which the present disclosure pertains. Terms that are
generally defined 1n commonly used dictionaries shall be
interpreted as having meanings consistent with their ordi-
nary meanings in the context of the relevant art and shall not
be interpreted 1n an overly broad or restrictive manner unless
expressly defined otherwise.

However, the present disclosure 1s not limited to the
embodiments disclosed below but may be implemented 1n
various other forms. The embodiments of the present dis-
closure are merely provided to fully convey the scope of the
present disclosure to those skilled 1n the art. The present
disclosure 1s defined only by the scope of the claims, and
therefore, 1ts defimition should be made based on the entirety
of the present disclosure.

According to some embodiments of the present disclo-
sure, the device may recognize whether a sow has completed
farrowing of a newborn piglet. Here, the newborn piglet may
refer to the piglet that was most recently scheduled for
farrowing or in the process of farrowing. The details thereof
will be described below with reference to FIGS. 1 to 11.

FIG. 1 1s a diagram for explaining a system for recog-
nizing whether a sow has completed farrowing of a newborn
piglet according to some embodiments of the present dis-
closure. FIG. 2 1s a diagram for explaining a pig house 1n
which an image acquisition umt 1s installed according to
some embodiments of the present disclosure.

Referring to FIG. 1, a system 1 for recognizing whether
a sow has completed farrowing of a newborn piglet may
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include a device 100, an external device 200, an 1mage
acquisition umt 210, and a client device C. The components
constituting the system 1 shown in FIG. 1 are not essential
for implementing the system 1, and the system 1 described
in the present disclosure may have more or fewer compo-
nents than those listed above.

According to some embodiments of the present disclo-
sure, the device 100 may be a digital device or system that
receives video data from an external device 200 and supplies
data to or receives data from a client device C. Here, the
device 100 may refer to a server. For example, the device
100 may be a service server provided by a manufacturer,
which provides a web page, web content, or a web service.
However, the present disclosure 1s not limited thereto.

In the present disclosure, the device 100 may refer to a
server, but depending on the context, 1t may also refer to a
computer system, computer device, fixed device, or mobile
device, and unless specifically stated otherwise, it may be
used to collectively refer to all of them.

According to some embodiments of the present disclo-
sure, when the device 100 acquires video data from an
external device 200, 1t may sequentially mput each of a
plurality of 1mage frames constituting the video data into a
pre-trained artificial intelligence model to obtain output
values, and may recognize whether an event has occurred
based on changes in each of the output values. Here, the
event may be an event indicating that the sow has completed
farrowing of a newborn piglet. However, the present dis-
closure 1s not limited thereto.

In the present disclosure, the device 100 may receive
video data from an external device 200 and analyze the
video data. The device 100 may supply the analysis result of
the video data to the external device 200. Here, the analysis
result may include at least one of: information indicating
whether the sow has completed farrowing, information
indicating whether there 1s an abnormality 1n the condition
of the sow, and information indicating whether there i1s an
abnormality 1n the surrounding environment of the sow.
However, the present disclosure 1s not limited thereto.

The device 100 may provide a web page through which
video data recerved from an external device 200 and the
analysis result of the video data can be viewed. Accordingly,
a manager may access a specific URL using a client device
C, log 1n on the web page, and check video data related to
the sow 1n the pig house and the analysis result of the video
data. Here, the video data displayed on the web page may be
real-time video data being acquired through an 1mage acqui-
sition unit 210. However, the present disclosure 1s not
limited thereto.

The external device 200 may refer to a device installed in
the pig house separately from the device 100, and may
receive video data from an 1mage acquisition umt 210 and
transmit the video data to the device 100.

The external device 200 may perform a function of
displaying the video data acquired by an 1image acquisition
unit 210, in addition to transmitting the video data received
from the 1mage acquisition unit 210 to the device 100.

Specifically, the external device 200 may include a sepa-
rate display unit and may output the video data receirved
from an 1mage acquisition unit 210 through the display unait.
In this case, the analysis result of the video data analyzed by
the device 100 may be output together with the video data
through the display unit of the external device 200.

According to some embodiments of the present disclo-
sure, a pig house in which the external device 200 1s 1nstalled
may be provided with at least one 1image acquisition unit
210. The external device 200 may collect all video data
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acquired from the at least one 1mage acquisition unit 210 and
transmit 1t to the device 100 so that the device 100 can
analyze all the video data. In this case, the analysis result
generated by the device 100 may be received by the external
device 200, and the external device 200 may display the
analysis result of the video data together with all the video
data acquired from the at least one 1image acquisition unit
210 through the display unit. Accordingly, the manager can
casily manage the sow by checking the video data and
analysis result displayed on the display unit of the external
device 200.

The 1image acquisition unit 210 may include one or more
cameras for capturing video data in which at least part of the
sow 1s captured. However, the present disclosure 1s not
limited thereto.

Although only one image acquisition unit 210 1s 1llus-
trated 1n FIGS. 1 and 2, a plurality of image acquisition units
210 may be installed 1n the pig house, and the video data
acquired through the plurality of image acquisition units 210
may be transmitted to the external device 200, which may
then transmit the plurality of video data to the device 100.
In this case, each of the plurality of 1mage acquisition units
210 may capture a different sow.

Referring to FIG. 2, the sow may be positioned at a
specific location by a fixing frame S for preventing the piglet
from being crushed, and the 1image acquisition unit 210 may
be positioned above the specific location where the sow 300
1s placed so as to capture at least part of the sow. Here, at
least part of the sow may refer to the lower body of the sow.
In this case, the video data acquired through the image
acquisition unit 210 may include at least one of a tail of the
sow, the uterus of the sow, and the hip of the sow. However,
the present disclosure 1s not limited thereto.

According to some embodiments of the present disclo-
sure, 1n the video data acquired by the image acquisition unit
210, the uterus of the sow or a piglet in the process of
farrowing may be occluded by the fixing frame S. In this
case, there may be a problem in that the accuracy of
recognizing whether an event has occurred 1s reduced.
Therefore, according to some embodiments of the present
disclosure, the device may separately identily an image
frame 1n which at least one of the uterus of the sow or the
piglet in the process of farrowing 1s occluded by the fixing
frame S, which 1s a preset obstacle.

In the present disclosure, the 1mage acquisition unit 210
may be provided with a lighting device 240. The lighting
device 240 may irradiate visible light onto an 1mage acqui-
sition area where video 1s captured through the image
acquisition unit 210. Since the lighting device 240 uses
visible light instead of infrared light as illumination, the
image acquisition unit 210 may be capable of acquiring
clearer video data of the sow.

Meanwhile, the wvisible light irradiated by the lighting
device 240 may disturb the sow’s sleep at night. To prevent
this, as shown in FIG. 2, the installation positions of the
image acquisition unit 210 and the lighting device 240 may
be adjusted and determined so that the visible light 1s
irradiated only onto the lower body of the SOW.

Meanwhile, a status indicator 230 may be positioned
together at the location where the image acquisition unit 210
and the lighting device 240 are installed. The status indicator
230 may visually indicate the farrowing status and colos-
trum status of the sow. The status indicator 230 may include
indicator lights of various colors and may notily various
types of events based on the color, such as whether farrow-
ing has started, whether the farrowing interval exceeds a
predetermined time, whether a predetermined time has
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clapsed since the start of the first farrowing (1.e., whether the
colostrum 1s still valid), and whether there 1s an abnormality
in the surrounding environment of the sow. The manager
may enter the pig house and manage each of a plurality of
sows more easily by checking the color of the status 1ndi-
cator 230.

In the present disclosure, the external device 200 may
receive the analysis result of the video data from the device
100 and may control the status indicator 230, which 1s
installed at the location of the sow related to the video data,
so that a color corresponding to the analysis result 1s
displayed based on the analysis result of the video data.

Referring again to FIG. 1, the client device C 1s a device
used by a manager to check the status inside the pig house
from outside the pig house, and may include a desktop
computer, digital TV, laptop computer, mobile phone, smart-
phone, tablet PC, and the like.

The manager may access a specific URL using the client
device C and log 1n on the web page. When the manager 1s
logged 1n, video data related to at least one sow 1n the pig
house may be displayed in real time on the web page, and
the analysis result of the video data may also be displayed.
Accordingly, the manager can easily check the video data
related to the sow 1n the pig house and the analysis result of
the video data using the client device C.

According to some embodiments of the present disclo-
sure, when an event (for example, an event indicating that
the sow has completed farrowing of a newborn piglet)
occurs, the device 100 may transmit a message to notify the
manager of the event through a preset messenger program.
In this case, the manager may recognize the occurrence of
the event by checking the message received via the preset
messenger program using the client device C, and may
access the web page provided by the device 100 to view the
video data acquired from the image acquisition umt 210.
Accordingly, when an event occurs inside the pig house, the
manager can easily check the internal situation of the pig
house from outside.

FIG. 3 1s a block diagram for explaining a device accord-
ing to some embodiments of the present disclosure. With
respect to FIG. 3, redundant content already described in
FIGS. 1 and 2 will not be repeated, and the following
description will focus on the differences.

Referring to FIG. 3, the device 100 may include a
processor 110, a storage unit 120, and a communication unit
130. The components 1llustrated 1n FIG. 3 are not essential
for implementing the device 100, and the device 100
described 1n the present disclosure may have more or fewer
components than those listed above.

Each component of the device 100 1n the present disclo-
sure may be integrated, added, or omitted depending on the
specifications of the actual implementation of the device
100. That 1s, two or more components may be combined 1nto
one component, or one component may be subdivided nto
two or more components, as needed. In addition, the func-
tions performed 1n each block are provided for the purpose
of describing the embodiments of the present disclosure, and
the specific operations or devices do not limit the scope of
rights of the present invention.

The commumnication unit 130 may include one or more
modules that enable wired or wireless communication
between the device 100 and a wired/wireless communication
system, between the device 100 and the client device C, or
between the device 100 and the external device 200. In
addition, the communication unit 130 may include one or
more modules for connecting the device 100 to one or more
networks.
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The communication unit 130 refers to a module for
wired/wireless internet access and may be embedded 1n or
externally connected to the device 100. The communication
unmit 130 may be configured to transmit and receive wired/
wireless signals.

The communication unit 130 may transmit and receive
wireless signals with at least one of a base station, the
external device 200, or the client device C over a mobile
communication network established according to technical
standards or communication methods for mobile communi-
cation (e.g., GSM (Global System for Mobile communica-
tion), CDMA (Code Division Multiple Access), CDMA2000
(Code Division Multiple Access 2000), EV-DO (Enhanced
Voice-Data Optimized or Enhanced Voice-Data Only),
WCDMA (Wideband CDMA), HSDPA (High Speed Down-
link Packet Access), HSUPA (High Speed Uplink Packet
Access), LTE (Long Term Evolution), LTE-A (Long Term
Evolution-Advanced), etc.).

Examples of wireless internet technologies may include

WLAN (Wireless LAN), Wi-F1 (Wireless Fidelity), Wi-Fi
Direct, DLNA (Digital Living Network Alliance), WiBro
(Wireless Broadband), WiMAX (World Interoperability for
Microwave Access), HSDPA (High Speed Downlink Packet
Access), HSUPA (High Speed Uplink Packet Access), LTE
(Long Term Evolution), and LTE-A (Long Term Evolution-
Advanced). However, the communication unit 130 may
transmit and receive data according to at least one wireless
internet technology, including those not listed above.

According to some embodiments of the present disclo-
sure, the device 100 may be connected to the external device
200 and/or the client device C via a wired/wireless network
through the communication unit 130. Here, the term “wired/
wireless network™ collectively refers to communication net-
works that support various communication standards or
protocols for transmitting and receiving data between the
device 100 and other devices, the device 100 and the
external device 200, or the device 100 and the client device
C. Such wired/wireless networks include all communication
networks currently or in the future supported by standards
and are capable of supporting one or more communication
protocols for that purpose.

The storage umit 120 may store data for supporting
various functions of the device 100. The storage unit 120
may store multiple application programs (or applications)
executed on the device 100 and data, instructions, and at
least one program instruction for operating the device 100.
Meanwhile, the application programs may be stored in the
storage unit 120 and installed on the device 100 to be
executed by the processor 110 1n order to perform operations
(or functions) of the device 100.

The storage unit 120 may also store various types of
information generated or determined by the processor 110,
as well as video data and other types of information received
through the communication unit 130.

The storage unit 120 may include at least one type of
storage medium such as a flash memory type, hard disk type,
SSD (Solid State Disk) type, SDD (Silicon Disk Drive) type,
multimedia card micro type, card-type memory (e.g., SD or
XD memory), RAM (random access memory), SRAM
(static random access memory), ROM (read-only memory),
EEPROM (electrically erasable programmable read-only
memory ), PROM (programmable read-only memory), mag-
netic memory, magnetic disk, and optical disk. The device
100 may also operate 1n connection with web storage that
performs the storage function of the storage unit 120 over
the 1nternet.
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According to some embodiments of the present disclo-
sure, the storage unit 120 may store a pre-trained artificial
intelligence model configured to output an output value
related to an event indicating that the sow has completed
farrowing of a newborn piglet when each of a plurality of
image Irames constituting the video data 1s 1nput.

The processor 110 may control the overall operation of
the device 100 1n addition to operations related to applica-
tion programs. The processor 110 may process signals, data,
or information mmput or output through the components of
the device 100, or may execute application programs stored
in the storage unmit 120 to provide or process appropriate
information or functions.

The processor 110 may control at least some of the
components of the device 100 to execute application pro-
grams stored in the storage umit 120. Furthermore, the
processor 110 may operate two or more components among,
those included 1n the device 100 1n combination to execute
the application programs.

The processor 110 may be composed of one or more cores
and may be any processor among various commercially
available processors. For example, the processor 110 may
include a central processing unit (CPU), a general-purpose
graphics processing unit (GPGPU), or a tensor processing
unit (TPU). However, the present disclosure 1s not limited
thereto.

The processor 110 of the present disclosure may be
configured as a dual processor or other multi-processor
architecture. However, the present disclosure 1s not limited
thereto.

The processor 110 may read a computer program stored in
the storage unit 120 and recognize whether an event indi-
cating that the sow has completed farrowing of a newborn
piglet has occurred, using a pre-trained artificial intelligence
model according to some embodiments of the present dis-
closure.

Specifically, the processor of the device 100 may sequen-
tially input each of a plurality of image frames constituting,
the video data into a pre-trained artificial intelligence model.
Then, the processor 110 may recognize whether an event has
occurred based on changes in the output values output from
the pre-trained artificial mtelligence model. Details thereof
will be described with reference to FIG. 4.

FIG. 4 1s a flowchart for explaining an example of a
method for recognizing whether an event indicating that a
sow has completed farrowing of a newborn piglet has
occurred, according to some embodiments of the present
disclosure. FI1G. 5 1s a diagram for explaining an example of
a method for recognmizing whether an event indicating that a
sow has completed farrowing of a newborn piglet has
occurred, according to some embodiments of the present
disclosure. FIGS. 6 to 9 are diagrams for explaining
examples of output values generated by a pre-trained arti-
ficial intelligence model according to some embodiments of
the present disclosure. With respect to FIGS. 4 to 9, redun-
dant content already described 1n connection with FIGS. 1 to
3 will not be repeated, and the following description will
focus on the differences.

Referring to FIG. 4, the processor 110 may acquire video
data in which at least part of the sow 1s captured from the
external device 200 through the communication unit 130
(S110).

Specifically, the image acquisition unit 210 may be posi-
tioned at a specific location so that at least part of the sow
can be captured. The image acquisition unit 210 may trans-
mit video data, 1n which at least part of the sow 1s captured,
to the external device 200. When the external device 200
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receives the video data from the image acquisition unit 210,
it may transmit the video data to the device 100 periodically
or non-periodically. In this case, the processor 110 may
receive the video data transmitted from the external device
200 through the communication unit 130. However, the
present disclosure 1s not limited thereto, and the video data
may also be transmitted to the device 100 1n real time.

According to some embodiments of the present disclo-
sure, a plurality of image acquisition units 210 may be
installed in the pig house to capture at least part of each of
a plurality of sows. In this case, the video data acquired by
cach of the plurality of image acquisition units 210 may be
transmitted to the external device 200, and the external
device 200 may transmit the video data acquired from each
of the plurality of 1image acquisition units 210 to the device
100 periodically or non-periodically. The processor 110 may
receive the video data acquired from each of the plurality of
image acquisition umts 210 from the external device 200
through the communication unit 130. However, the present
disclosure 1s not limited thereto, and the plurality of video
data may also be transmitted to the device 100 1n real time.

When the processor 110 acquires video data in step S110,
it may obtain output values by sequentially inputting each of
a plurality of 1image frames constituting the video data into
a pre-trained artificial intelligence model (S120). In the
present disclosure, the pre-trained artificial intelligence
model may be a model that has been trained 1n advance to
output an output value related to an image frame when the
image frame 1s 1nput. Further details thereof will be
described below with reference to FIG. 11.

In the present disclosure, the output value may be an
output value related to an event indicating that the sow has
completed farrowing of a newborn piglet. However, the
present disclosure 1s not limited thereto.

Specifically, referring to FIG. 5, the processor 110 may
sequentially input each of a plurality of image frames (11, 12,
. . . ) constituting video data V into a pre-trained artificial
intelligence model M. When the image frames are sequen-
tially input, the artificial intelligence model may output
output values 410 corresponding to each image frame. Here,
the output value may be a value related to an event indicat-
ing that the sow has completed farrowing of a newbomn
piglet.

For example, when a first image frame I1 among the
plurality of image frames constituting the video data 1s input
into the artificial intelligence model M, the artificial intel-
ligence model M may output an output value 410 related to
the first image frame I1. Then, when a second 1image frame
[2 among the plurality of image frames constituting the
video data 1s mnput into the artificial intelligence model M,
the artificial intelligence model M may output an output
value 410 related to the second 1mage frame 12.

Retferring to FIG. 6, the output value 410 may represent
an output value related to an event indicating that the sow
has completed farrowing of a newborn piglet.

The output value 410 may include a farrowing recognition
class value 411 related to the recognition of farrowing and
information 414 on a region related to the recognition of
farrowing.

The farrowing recogmition class value 411 may represent
a value indicating whether farrowing has occurred and the
extent to which farrowing has progressed. That 1s, the
farrowing recognition class value 411 may have different
values depending on whether farrowing has occurred and the
degree of farrowing. However, the present disclosure 1s not
limited thereto.
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The region related to the recognition of farrowing may
refer to a region 1dentified during the process of recognizing,
farrowing.

The information 414 on the region related to the recog-
nition of farrowing may include information 412 related to
the position of a center value of the region and information
413 related to the size of the region.

Referring to FIG. 7, the region R1 related to the recog-
nition of farrowing may be a region, within the image frame
I corresponding to the output value, having a size 1n which
a specific object may be included based on the area where
the uterus of the sow 1s located. Here, the specific object
included i1n the region R1 related to the recognition of
tarrowing may include at least one of the uterus of the sow
and at least part of a piglet being discharged from the uterus
of the sow. However, the present disclosure 1s not limited
thereto.

In the present disclosure, the information 412 related to
the position of the center value of the region R1 related to
the recognition of farrowing may indicate the position at
which a point P1 located at the center of the region 1s placed
in the image frame 1. Specifically, the information 412

related to the position of the center value of the region R1
may include a value obtained by dividing the x-coordinate of
point P1 within the image frame I by the width W3 of the
image frame I corresponding to the output value (412a 1n
FIG. 6), and a value obtained by dividing the y-coordinate
of point P1 within the image frame I by the height H3 of the
image {rame I corresponding to the output value (41256 1n
FIG. 6).

As described above, when the x and y coordinates of point
P1 are divided by the width and height of the image frame
I corresponding to the output value and expressed as the
information 412 related to the position of the center value of
the region R1, the values included in the information 412
may be limited to real numbers between O and 1. Theredore,
when tramming the artificial intelligence model M, 1t 1s
possible to prevent the generation of noise data or overfit-
ting. In addition, since the values are converted into real
numbers between 0 and 1 during the training process as
described above, the output values of the artificial itelli-
gence model M during inference may also have real number
values between 0 and 1.

In the present disclosure, the information 413 related to
the size of the region R1 related to the recogmition of
farrowing may include a horizontal length value obtained by
dividing the horizontal length W1 of the region R1 by the
horizontal length W3 of the image frame I corresponding to
the output value, and a vertical length value obtained by
dividing the vertical length H1 of the region R1 by the
vertical length H3 of the image frame I1 corresponding to
the output value.

As described above, when the horizontal length W1 and
vertical length H1 of the region R1 related to the recognition
of farrowing are divided by the horizontal length W3 and
vertical length H3 of the image frame I corresponding to the
output value, the horizontal and vertical length wvalues
included 1n the information 413 related to the size of the
region R1 may be limited to real number values between O
and 1. Theretfore, during training of the artificial intelligence
model M, 1t 1s possible to prevent the generation of noise
data or overfitting. Furthermore, since the values are con-
verted 1nto real number values between O and 1 during
training as described above, the output values of the artificial
intelligence model M during inference may also be real
numbers between O and 1.
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Meanwhile, the farrowing recognition class value will be
described with reference to FIG. 8. FIG. 8 1s an enlarged
view showing a region related to the recognition of farrow-
ing within an 1image {frame, provided for ease of explanation.
In addition, although the farrowing recognition class values
shown 1n FIG. 8 are labeled as Class 1, Class 2, and Class
3 for the sake of explanation, the farrowing recognition class
values may actually be positive integer values such as 1, 2,
and 3. However, the present disclosure 1s not limited thereto.

Referring to FIG. 8, the farrowing recognmition class value
may include a first farrowing recogmtion class value 610
indicating the uterus 311 of the sow, a second farrowing
recognition class value 620, and a third farrowing recogni-
tion class value 630, which are classified based on the extent
to which the piglet has been discharged from the uterus 311
alter the sow has started farrowing. However, the present
disclosure 1s not limited thereto.

Specifically, when an image frame 710 including the
uterus 311 of the sow but excluding a preset object (for
example, a piglet in the process of farrowing) i1s mput into
the artificial intelligence model M, the farrowing recognition
class value 411 included 1n the output value 410 may be the
first farrowing recognition class value 610. That 1s, the first
farrowing recognition class value 610 may represent a class
value indicating the state before the start of farrowing. Since
the preset object 1s not included in the image frame before
the sow begins to farrow the piglet 500, and the uterus 311
of the sow may be included in the image frame, the first
farrowing recognition class value may be expressed as a
class value indicating the uterus.

According to some embodiments of the present disclo-
sure, the second farrowing recognition class value 620 and
the third farrowing recognition class value 630 may be
distinguished based on which part of the piglet has been
discharged from the uterus 311.

Referring to FIG. 9, the region from the neck of the piglet
500 to the pelvis may be classified as a second portion 520,
the region from the neck to one end where the snout of the
piglet 1s located may be classified as a first portion 510, and
the region from the pelvis to the other end where the tail of
the piglet 1s located may be classified as a third portion 530.
However, the present disclosure 1s not limited thereto.

Referring again to FIG. 8, when an image frame 720
including at least portion 511 of the first portion of the piglet
500 and the uterus 311 1s input 1nto the artificial intelligence
model M, the farrowing recognition class value 411 included
in the output value 410 may be the second farrowing
recognition class value 620. The second farrowing recogni-
tion class value 620 may indicate a state in which, after the
sow has started farrowing the piglet 500, the preset portion
of the piglet, 1.e., the second portion 520, has not yet been
discharged from the uterus 311, and may represent that less
than one-third of the piglet has been discharged.

Meanwhile, although not shown in the drawings, when an
image frame including at least portion of the third portion
530 of the piglet 500 and the uterus 311 1s input nto the
artificial intelligence model M, the farrowing recognition
class value 411 included 1n the output value 410 may also be
the second farrowing recognition class value 620, as
described above. That 1s, the second farrowing recognition
class value 620 indicates that less than one-third of the piglet
has been discharged, rather than indicating which specific
portion has been discharged.

Although not shown in the drawings, when an image
frame 1s mput into the artificial intelligence model including
the uterus 311, the entire first portion 510 (or third portion
530) of the piglet, and at least part of the third portion 530
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(or first portion 510), along with the entire second portion
520, which 1s a preset portion of the piglet, the farrowing
recognition class value 411 1ncluded in the output value 410
may also be the second farrowing recognition class value
620. That 1s, the second farrowing recognition class value
620 may also indicate that more than two-thirds of the piglet
has been discharged.

When an mmage frame 730 including the entire first
portion 510 of the piglet, at least part 521 of the second
portion, which 1s a preset portion of the piglet, and the uterus
311 is mput into the artificial intelligence model M, the
tarrowing recognition class value 411 included 1n the output
value 410 may be the third farrowing recognition class value
630. The third farrowing recognition class value 630 may
indicate a state 1n which at least part 521 of the second
portion of the piglet has begun to be discharged from the
uterus 311, and only one of the first portion 510 or the third
portion 530 has been discharged together with at least part
521 of the second portion. That 1s, the thurd farrowing
recognition class value 630 may represent that one-third or
more but not more than two-thirds of the piglet has been
discharged.

As a result, the third farrowing recogmition class value
630 may be defined as a state in which at least part 521 of
the preset portion (second portion 520) of the piglet 500 has
been discharged from the uterus, and the second farrowing
recognition class value 620 may be defined as a state after
the sow has started farrowing the piglet 500, in which the
preset portion (second portion 520) of the piglet has not yet
been discharged from the uterus or the entire preset portion
has already been discharged from the uterus.

Meanwhile, according to some embodiments of the pres-
ent disclosure, the third farrowing recognition class value
630 may be subdivided 1nto a plurality of class values. That
1s, the farrowing recognition class value 411 included 1n the
output value may be one of the plurality of class values
resulting from subdividing the third farrowing recognition
class value 630. In other words, when an 1image frame 1n
which one-third or more but not more than two-thirds of the
piglet has been discharged 1s mput into the artificial intel-
ligence model, the farrowing recogmition class value
included in the output value from the model may be one of
the subdivided class values of the third farrowing recogni-
tion class value 630.

The plurality of class values may be classified into: a first
class value indicating a state 1n which at least part of the
preset portion of the piglet has been discharged from the
uterus and the uterus or the piglet 1s occluded by a preset
obstacle; a second class value indicating a state 1n which a
preset object overlaps with at least part of the piglet; and a
third class value indicating a case 1n which a preset shape 1s
tformed by at least part of the edge of the piglet and at least
part of the edge of the uterus.

For example, when an image frame related to a state in
which at least part 521 of the second portion 520, which 1s
a preset portion of the piglet, has been discharged from the
uterus 311, and the uterus or the piglet 1s occluded by a
preset obstacle 1s mput 1nto the artificial intelligence model
M, the farrowing recognition class value 411 included 1n the
output value 410 may be a first class value. Here, the preset
obstacle may be defined as a fixing frame (S 1 FIG. 2) for
preventing the piglet from being crushed. However, the
present disclosure 1s not limited thereto.

In another example, when an 1mage frame related to a
state 1n which at least part 521 of the second portion 3520,
which 1s a preset portion of the piglet, has been discharged
from the uterus 311 and a preset object overlaps with at least
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part of the piglet 1s input into the artificial intelligence model
M, the farrowing recognition class value 411 included in the
output value 410 may be a second class value. Here, the
preset object may include at least one of a tail of the sow,
another piglet that was farrowed before the currently far-
rowing piglet, and a placenta. However, the present disclo-
sure 1s not limited thereto.

In another example, when an 1mage frame 1 which at
least part 521 of the second portion 520, which 1s a preset
portion of the piglet, has been discharged from the uterus
311 and includes a preset shape 331 formed by at least part
of the edge of the piglet and at least part of the edge of the
uterus 1s mput into the artificial intelligence model M, the
farrowing recognition class value 411 1ncluded in the output
value 410 may be a third class value. Here, the preset shape
331 may be an H-shape. However, the farrowing recognition
class value included 1n the output value from the artificial
intelligence model does not necessarily have the third class
value only when the H-shape 1s exactly present in the image
frame; rather, 1f the 1mage frame mput into the artificial
intelligence model M 1s such that the model recognizes it as
having an H-shape, the farrowing recognition class value in
the output value may be the third class value. Meanwhile,
when the above-described image frame 1s input, the artificial
intelligence model M may recognize whether the preset
shape 331 1s formed by at least part of the edge of the piglet
and at least part of the edge of the uterus included in the
image frame.

Referring again to FIG. 4, when the processor 110 obtains
the output value 1n step S120, 1t may recognize the occur-
rence of an event based on a change 1n the output values
(S130). Here, the event may indicate that the sow has
completed farrowing ol a newborn piglet.

According to some embodiments of the present disclo-
sure, the processor 110 may recognize that an event has
occurred when the farrowing recognition class value 411
included 1n the output value 410 changes sequentially 1n a
preset order. Here, the preset order may mean that the
farrowing recognition class value 411 changes in the
sequence of: from the first farrowing recognition class value
610 to the second farrowing recognition class value 620,
from the second farrowing recognition class value 620 to the
third farrowing recognition class value 630, from the third
farrowing recognition class value 630 back to the second
farrowing recognition class value 620, and from the second
farrowing recognition class value 620 to the first farrowing
recognition class value 610.

Specifically, the processor 110 may recognize that an
event has occurred when the farrowing recognition class
value 411 included in the output value 410 changes from the
first farrowing recognition class value 610 to the second
farrowing recognition class value 620, and then sequentially
to the third farrowing recognition class value 630, the
second farrowing recognition class value 620, and back to
the first farrowing recognition class value 610. Here, the
third farrowing recognition class value may be any one of
the first class value, the second class value, or the third class
value. However, the present disclosure 1s not limited thereto.

The first farrowing recognition class value 610 1s a class
value indicating either the state before the start of farrowing
or the completion of farrowing. The second farrowing
recognition class value 620 1s a class value indicating that
less than one-third of the piglet has been discharged or that
more than two-thirds of the piglet has been discharged. The
third farrowing recognition class value 630 is a class value
indicating that one-third or more but not more than two-
thirds of the piglet has been discharged. Accordingly, when
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the farrowing recognition class value changes from the first
farrowing recognition class value 610 to the second farrow-
ing recognition class value 620, 1t may indicate that farrow-
ing has started. When the value changes from the second
farrowing recognition class value 620 to the third farrowing
recognition class value 630, 1t may indicate that farrowing 1s
in progress. When the value changes from the third farrow-
ing recognition class value 630 back to the second farrowing
recognition class value 620, it may indicate that farrowing,
continues to progress. Finally, when the value changes from
the second farrowing recognition class value 620 to the first
farrowing recognition class value 610, 1t may indicate that
farrowing has been completed.

As a result, the processor 110 may recognize that the sow
has completed farrowing of a newborn piglet when the
farrowing recognition class value 411 included 1n the output
value 410 has changed 1n the preset order. Here, the newborn
piglet may refer to the piglet that was most recently sched-
uled for farrowing or 1n the process of farrowing.

However, in the present disclosure, the occurrence of an
event does not immediately mean that the sow 1s recognized
as having completed farrowing of a newborn piglet. Rather,
the video may be reanalyzed to finally determine whether
the sow has completed farrowing. Specifically, the processor
110 may determine to perform reanalysis of the video data
when the farrowing recognition class value included in the
output value has changed from the first farrowing recogni-
tion class value to the second farrowing recognition class
value, and then sequentially to the third farrowing recogni-
tion class value, back to the second, and finally to the first
farrowing recognition class value. In other words, recogniz-
ing whether an event has occurred may serve as a trigger for
determining whether to proceed with reanalysis of the video.

According to some embodiments of the present disclo-
sure, the processor 110 may cause a region related to the
recognition of farrowing to be displayed on each of the
plurality of frames constituting the video data, based on the
information 414 on the region related to the recognition of
tarrowing included in the output value 410. In this case,
when the video data 1s displayed on the web page accessed
through the client device C, the video data may be displayed
together with the region related to the recognition of far-
rowing. However, the present disclosure i1s not limited
thereto.

According to conventional technology, in order to recog-
nize whether a sow has farrowed, the processor 110 would
input the video data 1nto an artificial intelligence model and
directly use the output value generated by the model for
determination. In other words, the output value included
information about whether the sow had farrowed. Therefore,
in the conventional approach, errors occurred 1n which the
system 1ncorrectly recognized whether the sow had far-
rowed.

However, according to some embodiments of the present
disclosure, the processor 110 may sequentially mnput each of
a plurality of image frames constituting the video data into
the artificial intelligence model and recognize whether the
sow has farrowed based on changes in the plurality of output
values generated by the artificial intelligence model. It has
been experimentally confirmed that, when recogmzing
whether the sow has farrowed according to some embodi-
ments of the present disclosure, errors 1n recognition do not
occur. Therefore, according to some embodiments of the
present disclosure, the reliability of the product itself can be
significantly improved.

FIG. 10 1s a flowchart for explaining an example of a
method for determining whether a sow has completed far-
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rowing ol a newborn piglet according to some embodiments
of the present disclosure. With respect to FIG. 10, redundant
content already described in FIGS. 1 to 9 will not be
repeated, and the following description will focus on the
differences.

Referring to FIG. 10, the processor 110 may recognize
whether an event has occurred (S131). Specifically, the
processor 110 may sequentially mnput each of a plurality of
image frames constituting the video data acquired from the
external device into the artificial intelligence model. Then,
the processor 110 may recognize a change in the farrowing
recognition class value included 1n the output value related
to the event indicating that the sow has completed farrowing
of a newborn piglet, which 1s output by the artificial intel-
ligence model. If the processor 110 recognizes that the
farrowing recognition class value has changed according to
a preset order, 1t may determine that the event has occurred.

If the processor 110 determines that the event has not
occurred, that 1s, 1f it recognizes that no event has occurred
(S131, No), 1t may continue to recognize in real time
whether the event has occurred. However, the present dis-
closure 1s not limited thereto.

I1 the processor 110 recognizes that an event has occurred
(5131, Yes), that 1s, 11 1t determines to perform reanalysis of
the video data, it may reanalyze the video data 1n order to
finally determine whether the sow has completed farrowing
of the newborn piglet (S133). Here, the method of reana-
lyzing the video data may be performed using various
techniques.

For example, the processor 110 may sequentially input
cach of a plurality of 1image frames constituting the video
data into an artificial intelligence model different from the
artificial intelligence model M shown 1n FIG. 3, 1 order to
recognize whether the sow has completed farrowing of the
newborn piglet.

In another example, the processor 110 may analyze the
video data based on rules to recognize whether the sow has
completed farrowing of the newborn piglet.

However, the above examples are merely 1llustrative, and
the present disclosure 1s not limited to the examples
described above.

As a result, when the processor 110 determines to perform
reanalysis of the video data, it may determine whether the
sow has completed farrowing of the newborn piglet based on
the result of the reanalysis.

According to some embodiments of the present disclo-
sure, when the processor 110 reanalyzes the video data and
recognizes that the sow has completed farrowing of the
newborn piglet, 1t may also recognize information on the
date and time when the sow started farrowing the newborn
piglet and the date and time when the farrowing was
completed. However, the present disclosure i1s not limited
thereto.

When the change 1n the output value generated by the
artificial intelligence model 1s not directly used to recognize
whether the sow has completed farrowing of the newborn
piglet, but 1nstead 1s used as a trigger to determine whether
to reanalyze the video, and the recognition 1s performed
based on the result of the reanalysis, the accuracy of the
result value for determining whether the newborn piglet has
been completely farrowed can be significantly improved.
Therefore, customer trust in the product itsell can be
enhanced.

In the present disclosure, reanalysis of the video data may
refer to analyzing the video data 1n a more sophisticated
manner than recognizing an event based on FIG. 4. There-
fore, as described 1 FIG. 4, recognizing an event may
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require less time, while reanalysis may take longer. Accord-
ing to some embodiments of the present disclosure, when
recognizing whether the sow has completed farrowing of a
newborn piglet, the occurrence of an event may first be
recognized based on changes 1n output values—a relatively
fast determination method—and then a decision may be
made as to whether video reanalysis should be performed. In
this case, the reanalysis of the video 1s performed only when
it 1s determined to be necessary. As a result, whether the sow
has completed farrowing of the newborn piglet can be
recognized quickly and accurately.

FIG. 11 1s a schematic diagram showing an artificial
intelligence model according to an embodiment of the
present disclosure. With respect to FIG. 11, redundant con-
tent already described in FIGS. 1 to 10 will not be repeated,
and the following description will focus on the differences.

Throughout this specification, the terms artificial intelli-
gence model, neural network, network function, and neural
network may be used interchangeably. An artificial intelli-
gence model may generally be composed of a set of inter-
connected computational units referred to as “nodes.” These
nodes may also be referred to as “neurons.” The artificial
intelligence model 1s configured to include at least one or
more nodes. The nodes (or neurons) constituting the artifi-
cial itelligence model may be interconnected via one or
more “links.”

Within the artificial intelligence model, one or more nodes
connected through links may form a relationship of input
nodes and output nodes 1n a relative sense. The concepts of
input node and output node are relative, such that a node
serving as an output node with respect to a given node may
serve as an input node with respect to another node, and vice
versa. As described above, the mput-output node relation-
ship may be established based on the links. One mnput node
may be connected to one or more output nodes through
links, and the reverse may also be true.

In the relationship between an mput node and an output
node connected by a single link, the value of the output node
may be determined based on the data input to the input node.
Here, the node that interconnects the mput node and the
output node may have a weight. The weight may be variable
and may be adjusted by a user or an algorithm 1n order for
the artificial intelligence model to perform a desired func-
tion. For example, when one output node 1s connected to one
or more mput nodes through respective links, the output
node may determine 1ts value based on the values mput to
the connected 1nput nodes and the weights assigned to the
respective links corresponding to those mput nodes.

As described above, 1n the artificial intelligence model,
one or more nodes are 1nterconnected through one or more
links to form input-output node relationships within the
model. The characteristics of the artificial intelligence model
may be determined based on the number of nodes and links,
the relationships among the nodes and links, and the values
of the weights assigned to the respective links. For example,
even 1I two artificial intelligence models have the same
number of nodes and links, if the weight values assigned to
the links differ, the two models may be recognized as being
different from each other.

The artificial intelligence model may be configured to
include one or more nodes. Among the nodes that make up
the artificial intelligence model, a subset of nodes may form
a layer based on their distances from the 1nitial input node.
For example, a group ol nodes located at a distance of n from
the mitial mput node may constitute the n-th layer. The
distance from the 1mitial mput node may be defined as the
mimmum number of links that must be traversed to reach the
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corresponding node. However, such a definition of layers 1s
arbitrary and provided for explanation purposes, and the
layer order within the artificial intelligence model may be
defined 1n other ways. For instance, the layers of nodes may
also be defined based on their distance from the final output
node.

An 1nitial input node may refer to one or more nodes 1n
the artificial intelligence model into which data 1s directly
input without passing through any links in relation to other
nodes. Alternatively, in terms of the relationships between
nodes based on links within the artificial itelligence model,
it may refer to a node that has no other input nodes
connected via links. Similarly, a final output node may refer
to one or more nodes 1n the artificial intelligence model that
do not have any output nodes 1n relation to other nodes. In
addition, a hidden node may refer to a node 1n the artificial
intelligence model that 1s neither an 1mitial 1nput node nor a
final output node. In one embodiment of the present disclo-
sure, the artificial intelligence model may have the same
number of nodes 1n the mput layer and the output layer, and
may be structured such that the number of nodes decreases
and then increases again as the model progresses from the
input layer to the hidden layers. In another embodiment of
the present disclosure, the artificial intelligence model may
have fewer nodes 1n the input layer than in the output layer,
and the number of nodes may decrease as the model pro-
gresses from the iput layer to the hidden layers. In vyet
another embodiment, the artificial itelligence model may
have more nodes 1n the mnput layer than in the output layer,
and the number of nodes may increase from the mput layer
to the hidden layers. In still another embodiment, the arti-
ficial intelligence model may be a neural network that
combines the above-described structures.

A deep neural network (DNN) may refer to an artificial
intelligence model that includes multiple hidden layers 1n
addition to an input layer and an output layer. By using a
deep neural network, it 1s possible to 1dentily latent struc-
tures 1n data. That 1s, 1t can uncover latent structures in
images, text, video, speech, and music (for example, 1den-
tifying objects in an 1mage, understanding the content and
sentiment of text, or detecting the content and emotion 1n
speech). Examples of deep neural networks include convo-
lutional neural networks (CNN), recurrent neural networks
(RNN), autoencoders, generative adversarial networks
(GAN), restricted Boltzmann machines (RBM), deep beliet
networks (DBN), Q-networks, U-networks, and Siamese
networks. The above description of deep neural networks 1s
provided by way of example only, and the present disclosure
1s not limited thereto.

The artificial intelligence model may be trained using a
supervised learning approach. The goal of training a neural
network 1s to minimize the output error. In the traiming
process of the artificial intelligence model, training data 1s
repeatedly input into the neural network, and the error
between the network’s output and the target for the training
data 1s calculated. The error 1s then backpropagated from the
output layer toward the mput layer in order to update the
weights of the nodes 1n the neural network 1n a direction that
reduces the error. In the case of supervised learning, training
data with labeled answers (i.e., labeled traiming data) can be
used.

Specifically, the processor 110 may obtain a traiming
dataset composed of a plurality of image data 1n which at
least part of the sow 1s captured, along with label data
labeled for each of the plurality of image data. Here, various
types of 1mages may be used as the plurality of 1image data
constituting the training dataset, such as 1mage data of a sow
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before the start of farrowing, 1mage data of a sow that has
just started farrowing, and image data of a sow that has
discharged approximately two-thirds of the piglet.

The label data labeled for each of the plurality of image
data may include a farrowing recognition class value related
to the recognition of farrowing and information on a region
related to the recognition of farrowing. Detailed descriptions
of the farrowing recognition class value and the information
on the region, which constitute the label data, have been
provided above with reference to FIGS. 6 to 9, and thus
detailed explanation thereof will be omatted.

In the present disclosure, the training dataset may refer to
a set of data 1n which label data 1s labeled for each of various
types of 1image data.

Meanwhile, when the processor 110 obtains the training,
dataset, 1t may train the artificial intelligence model using
the tramning dataset. During training, the 1mage data labeled
with label data from the training dataset may be mput 1nto
the artificial intelligence model, and the error may be
calculated by comparing the output value generated by the
model with the label data assigned to the image data. The
calculated error 1s then backpropagated through the artificial
intelligence model in the reverse direction (i.e., from the
output layer toward the input layer), and the connection
welghts of the nodes in each layer of the model may be
updated based on the backpropagation. As a result, the
artificial intelligence model can be adjusted so that when
image data 1s input, 1t produces output values similar to the
label data. In this way, the processor 110 may train the
artificial intelligence model by inputting each of the plurality
of image data included 1n the training dataset into the model,
calculating the error between the label data and the output
value for each 1mage, and performing backpropagation.
Meanwhile, the amount of change in the connection
welght of each node being updated may be determined by a
learning rate. The computation of the artificial intelligence
model for mput data and the backpropagation of the error
may constitute a training cycle (epoch). The learning rate
may be applied differently depending on the number of
training cycles. For example, in the early stages of training,
a high learning rate may be used so that the artificial
intelligence model can quickly reach a certain level of
performance, thereby improving efficiency, and 1n the later
stages, a lower learning rate may be used to increase
accuracy. In general, the training data used in model training
may be a subset of the actual data (1.e., the data to be
processed using the traimned artificial intelligence model).
Theretfore, there may be training cycles 1n which the error
for the training data decreases, but the error for the actual
data increases. Overditting 1s a phenomenon 1 which the
model learns the training data too well, resulting 1n increased
error for actual data. Overfitting can serve as a cause of
errors 1n machine learning algorithms. To prevent overtit-
ting, various optimization techniques may be applied. For
example, overfitting may be prevented by increasing the
amount of training data, applying regularization, or using
techniques such as dropout, which omits some of the nodes
in the network during the training process.

As described above, the trained artificial intelligence
model may perform the following operations. For ease of
explanation, 1t 1s assumed that image frames representing
different states related to farrowing are input into the arti-
ficial intelligence model, and the following description is
based on that assumption.

When a first image frame, among the plurality of image
frames constituting the video data, 1n which at least part of
the edges of a plurality of objects forms a preset shape 1s
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input into the artificial intelligence model, the artificial
intelligence model may output an output value including a
first specific class value (1.¢., the third class value among the
third farrowing recognition class values 630 described in
FIG. 8) indicating that farrowing 1s 1n progress, and infor-
mation on a region in which the first specific class value 1s
recognized. Here, the plurality of objects may include a
piglet, of which at least part of a preset portion has been
discharged from the uterus of the sow, and the uterus of the
sow. The preset shape may be an H-shape. The first specific
class value may be defined as a state in which at least part
ol the preset portion (1.e., the second portion 520 1n FIG. 9)
of the piglet has been discharged from the uterus of the sow
but the preset portion of the piglet has not yet been com-
pletely discharged from the uterus.

When a second image frame, among the plurality of
image frames constituting the video data, which includes an
image captured before farrowing and includes the uterus of
the sow, 1s 1nput into the artificial mtelligence model, the
artificial intelligence model may output an output value
including a first farrowing recognition class value (610 1n
FIG. 8) indicating 1 that the uterus of the sow 1s included 1n
the second image frame and information on a region in
which the first farrowing recognition class value 1s recog-
nized.

When a third image frame, among the plurality of 1mage
frames constituting the video data, which 1s related to a time
point after the sow has started farrowing the piglet but before
the preset portion (second portion 520 1n FI1G. 9) of the piglet
has been discharged from the uterus, or after the preset
portion has been completely discharged from the uterus, 1s
input nto the artificial intelligence model, the artificial
intelligence model may output an output value including a
second farrowing recognition class value (620 in FIG. 8) and
information on a region in which the second farrowing
recognition class value 1s recognized.

When a fourth image frame, among the plurality of image
frames constituting the video data, 1n which at least part of
the preset portion (second portion 520 in FIG. 9) of the piglet
has been discharged from the uterus of the sow but the preset
portion of the piglet has not yet been completely discharged
from the uterus, and at least one of the uterus or the piglet
1s occluded by a preset obstacle, 1s mput 1into the artificial
intelligence model, the artificial intelligence model may
output an output value including a second specific class
value (1.e., the first class value among the third farrowing
recognition class values 630 described in FIG. 8) and
information on a region 1 which the second specific class
value 1s recognized. Here, the preset obstacle may be defined
as a hixing frame for preventing the piglet from being
crushed.

When a fifth image frame, among the plurality of 1mage
frames constituting the video data, 1n which at least part of
the preset portion (second portion 520 1n FI1G. 9) of the piglet
has been discharged from the uterus of the sow but the preset
portion of the piglet has not yet been completely discharged
from the uterus and a preset object overlaps with the piglet,
1s mput mto the artificial intelligence model, the artificial
intelligence model may output an output value including a
third specific class value (1.e., the second class value among
the third farrowing recognition class values 630 described in
FIG. 8) and information on a region in which the third
specific class value 1s recogmized. Here, the preset object
may include at least one of a tail of the sow, another piglet
that was farrowed before the current piglet, and a placenta.

As described above, when recognizing whether the sow
has farrowed a newborn piglet based on changes 1n the class
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values included 1n the output value generated by the artificial
intelligence model, the accuracy of recognition can be
improved.

In the present disclosure, the device 100 1s not limited to
the configurations and methods of the above-described
embodiments being applied 1n a fixed manner, but rather, all
or part of the respective embodiments may be selectively
combined and configured to allow for various modifications.

The various embodiments described 1n the present dis-
closure may be implemented, for example, using software,
hardware, or a combination thereof, on a computer-readable
recording medium readable by a computer or a similar
device.

In a hardware implementation, some embodiments
described herein may be implemented using at least one of
application-specific integrated circuits (ASICs), digital sig-
nal processors (DSPs), digital signal processing devices
(DSPDs), programmable logic devices (PLDs), field pro-
grammable gate arrays (FPGAS), processors, controllers,
microcontrollers, microprocessors, or other electrical units
configured to perform specific functions. In some cases,
certain embodiments described 1n the present disclosure may
be implemented by a processor.

In a software implementation, some embodiments such as
the procedures and functions described in the present dis-
closure may be implemented as separate software modules.
Each software module may perform one or more functions,
tasks, and operations described in the present disclosure.
The software code may be mmplemented as a software
application written in an appropriate programming lan-
guage. Here, the software code may be stored in the storage
unit 120 and executed by the processor 110. That 1s, at least
one program instruction may be stored in the storage unit
120, and at least one program instruction may be executed
by the processor 110.

The method for recognizing whether a sow has completed
farrowing of a newborn piglet by a processor of a device
according to some embodiments of the present disclosure
may be implemented as code readable by at least one
processor on a computer-readable recording medium pro-
vided i the device. The computer-readable recording
medium refers to any type of recording device 1n which data
readable by at least one processor 1s stored. Examples of
such recording media include Read Only Memory (ROM),
Random Access Memory (RAM), CD-ROM, magnetic tape,
floppy disks, and optical data storage devices.

Meanwhile, although the present disclosure has been
described with reference to the accompanying drawings, this
1s merely by way of example and 1s not limited to any
specific embodiment. Various modifications may be made
by those skilled 1in the art to which the present invention
pertains, and such modifications also fall within the scope of
rights defined by the claims. Furthermore, such modifica-
tions should not be understood as being separate from the
technical spirit of the present invention.

What 1s claimed 1s:

1. A method for recognizing whether a sow has completed
farrowing of a newborn piglet by a processor of a device, the
method comprising:

acquiring video data in which at least part of the sow 1s

captured from an external device through a communi-
cation umit; and

recognizing whether the sow has completed farrowing of

the newborn piglet based on a change 1n output values
related to each of a plurality of 1image frames consti-
tuting the video data, the output values being values
output from a pre-trained artificial intelligence model
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by sequentially inputting each of the plurality of image

frames constituting the video data mto the pre-trained

artificial intelligence model,
wherein the pre-trained artificial intelligence model, when

a first 1image Iframe, among the plurality of image

frames constituting the video data, in which at least part

of edges of a plurality of objects forms a preset shape
1s 1nput, outputs an output value including a first
specific class value indicating that farrowing is 1n
progress and information on a region where the first
specific class value 1s recognized,

wherein the plurality of objects comprises a piglet of
which at least part of a preset portion has been dis-
charged from a uterus of the sow, and the uterus of the

SOW,
wherein the preset shape 1s an H-shape,
wherein the information includes information related to a

position of a center value of the region and information
related to a size of the region, and

wherein the information related to the position of the
center value of the region indicates a position at which
a point located at a center of the region is placed 1n the
first 1image frame.

2. The method of claim 1, wherein the information related

to the size of the region includes:

a horizontal length value obtained by dividing a horizon-
tal length of the region by a horizontal length of the first
image frame; and

a vertical length value obtained by dividing a vertical
length of the region by a vertical length of the first
image frame.

3. The method of claim 1, wherein when a second 1image
frame, captured before farrowing and including the uterus of
the sow, among the plurality of 1image frames constituting
the video data, 1s 1input mto the pre-trained artificial intelli-
gence model, the pre-trained artificial intelligence model
outputs an output value including a first farrowing recogni-
tion class value indicating that the uterus of the sow 1s
included 1n the second image frame and information on a
region 1n which the first farrowing recognition class value 1s
recognized.

4. The method of claim 1, wherein the first specific class
value 1s defined as a state in which the at least part of the
preset portion of the piglet has been discharged from the
uterus of the sow but the preset portion of the piglet has not
yet been completely discharged from the uterus.

5. The method of claim 1, wherein when a third image
frame, among the plurality of 1image frames constituting the
video data, 1s input mto the pre-trained artificial intelligence
model, the pre-tramned artificial intelligence model outputs
an output value including a second farrowing recognition
class value and information on a region in which the second
farrowing recognition class value 1s recognized, and

wherein the third image frame includes an 1mage related
to a time point before the preset portion of the piglet 1s
discharged from the uterus of the sow, after the sow has
started the farrowing of the piglet, or related to a time
point after the preset portion of the piglet has been
completely discharged from the uterus, after the sow
has started the farrowing of the piglet.

6. The method of claim 1, wherein when a fourth image
frame, among the plurality of 1image frames constituting the
video data, 1s input mto the pre-trained artificial intelligence
model, the pre-tramned artificial intelligence model outputs
an output value including a second specific class value and
information on a region 1 which the second specific class
value 1s recognized,
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wherein the fourth image frame includes an 1mage in
which the at least part of the preset portion of the piglet
has been discharged from the uterus of the sow but the
preset portion of the piglet has not yet been completely
discharged from the uterus, and at least one of the
uterus or the piglet 1s covered by a preset obstacle.

7. The method of claim 1, wherein when a fifth 1image
frame, among the plurality of image frames constituting the
video data, 1s input mnto the pre-trained artificial intelligence
model, the pre-tramned artificial intelligence model outputs
an output value mncluding a third specific class value and
information on a region i which the third specific class
value 1s recognized,

wherein the fifth image frame includes an 1mage 1n a state

in which the at least part of the preset portion of the
piglet has been discharged from the uterus of the sow
but the preset portion of the piglet has not yet been
completely discharged from the uterus and a preset
object overlaps the piglet.

8. The method of claim 6, wherein the preset obstacle 1s
defined as a fixing frame for preventing the piglet from being
crushed.

9. The method of claim 7, wherein the preset object
includes at least one of a tail of the sow, another piglet that
was farrowed before the piglet, and a placenta.

10. A computer program stored 1n a non-transitory coms-
puter-readable storage medium, wherein the computer pro-
gram, when executed by a processor of a device, performs
steps for recognizing whether a sow has completed farrow-
ing of a piglet, the steps comprising:

acquiring video data 1n which at least part of the sow 1s

captured from an external device through a communi-
cation unit; and

recognizing whether the sow has completed farrowing of

the newborn piglet based on a change 1n output values
related to each of a plurality of 1image frames consti-
tuting the video data, the output values being values
output from a pre-trained artificial intelligence model
by sequentially mputting each of the plurality of image
frames constituting the video data into the pre-trained
artificial intelligence model,

wherein the pre-trained artificial intelligence model, when

a first 1mage frame, among the plurality of image
frames constituting the video data, in which at least part
of edges of a plurality of objects forms a preset shape
1s 1nput, outputs an output value including a first
specific class value indicating that farrowing 1s in
progress and information on a region where the first
specific class value 1s recognized,

wherein the plurality of objects comprises a piglet of
which at least part of a preset portion has been dis-
charged from a uterus of the sow, and the uterus of the
SOW,
herein the preset shape 1s an H-shape,
herein the information includes mnformation related to a
position of a center value of the region and information
related to a size of the region, and
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wherein the information related to the position of the
center value of the region indicates a position at which
a point located at a center of the region 1s placed 1n the
first 1image frame.

11. A device for recognizing whether a sow has completed

farrowing of a piglet, the device comprising:

a communication unit configured to acquire video data, 1n
which at least part of the sow 1s captured, from an
external device;

a storage unit storing a pre-trained artificial intelligence
model and at least one program instruction; and

a processor configured to execute the at least one program
instruction,

wherein the processor 1s configured to recognize whether
the sow has completed farrowing of the newborn piglet
based on a change 1n output values related to each of a
plurality of image frames constituting the video data,
the output values being values output from the pre-
trained artificial intelligence model by sequentially
inputting each of the plurality of 1mage frames consti-
tuting the video data into the pre-trained artificial
intelligence model,

wherein the pre-trained artificial intelligence model, when
a first 1mage frame, among the plurality of 1mage
frames constituting the video data, in which at least part
of edges of a plurality of objects forms a preset shape
1s 1nput, outputs an output value including a first
specific class value indicating that farrowing is 1n
progress and information on a region where the first
specific class value 1s recognized,

wherein the plurality of objects comprises a piglet of

which at least part of a preset portion has been dis-

charged from a uterus of the sow, and the uterus of the

SOW,
wherein the preset shape 1s an H-shape,
wherein the information includes information related to a
position of a center value of the region and information

related to a size of the region, and

wherein the information related to the position of the
center value of the region indicates a position at which
a point located at a center of the region 1s placed 1n the
first 1image {rame.

12. The method of claim 1, wherein the pre-tramned
artificial intelligence model comprises a convolutional neu-
ral network trained to detect farrowing stages using a dataset
of labeled 1images.

13. The computer program stored in the non-transitory
computer-readable storage medium of claim 10, wherein the
pre-trained artificial intelligence model comprises a convo-
lutional neural network trained to detect farrowing stages
using a dataset of labeled 1mages.

14. The device for recognizing whether a sow has com-
pleted farrowing of a piglet of claim 11, wherein the
pre-trained artificial mtelligence model comprises a convo-
lutional neural network trained to detect farrowing stages
using a dataset of labeled images.
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