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o W g YAE HIAESK 11 AWE "R Y SR &&Fo]

@ 3= 5ol 249

H
L
i)

K

=4t 57F= GPS(Global Positioning System)2F WSN(Wireless Sensor

Network) #4714 A3t We W8 Adeld B4 589 9AE 4
WY S g WA ofU WE AHI B5S BIT & ek G A
of 2o WASW 34 J1&L B9l Bt okE Aze] sptol AW F
22 47 Fobd 4 glo] A s hEe] £ FAT S ek,

(5) Hzaof & Lol digt ofs

Axol O EQS Foldold AAAAY 5B A% ¥ 0D 9

it

65) S. K. Jo and S. H. Kim. (2020). A case study of digital twin—based smart livestock,
Journal of the Korean Telecommunications Society, 45(8), 1471481.

66) J. K. Park and E. Y. Park, (2020). Animal Monitoring Scheme in Smart Farm using
Cloud-Based System, EC7/-CIT Transactions, 15(1), 24 —33.
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dig 4 ok & Ak g Bol, Azde Y AdE 5
2 dolag s4stel AF) FUL BAL ol AE GAsle] A
o A Apdel uish o el Ye eIk opAY L G Rofol

A 3 22 Fo) go T /s

Me mizke] gA gl Sl 7] ol 2
FEe FAVIE I B, 2Folu HiE s87F sofuEA Folxl A
el e ®olal ols ArE a8z HiAsks AR WAl

=
o] A 7e2 AMEEI it
1 F A5 AFE }SHComputer Science)e ©]gdt= 7]14S FA)
%, HlolHE 7He=m JIAE EA7IEe 2oFE m4ledelst FEH

Aol WAl YT Hede thewt Zo] TRkl Agati 9l

. QBAS ARG Pelde mRe ARd we Aas 54 9
45 BE B 7%

. WA - gY dol ol uelze] Haw FAe %A W A=
A dole)) & 28T AFAs Hof

 Hed :ouAY dolH@A, HAE, 34 52 BET ATAS 2

dole @A3d/mgR o HaNdT dede T8 Ak e A
2 Aojol 7|urer AL opth. AARE MAedH By 3
Aol Aatglel BE Ag8 4 QAE, BE nj4ede 3 HolHA, |
dde wAG dolgad Aol £71 Wl Sig 2o oJujrt FgHT
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) maede] 7R

wAlel o]

I
El>

2 [ 2-5] A¥ A &=8k5(Supervised Learning),

69) John D. Kelleher, ibid., p.45.
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H] 2] &= 8}<5(Unsupervised Learning) A=l 7+3}sH5(Reinforcement

Learning) Al 72 FE =},

Hil2d

Machine Learning

A =8 H|R| =85 s
Supervised Learning Unsupervised Learning Reinforcement Learning
= B|HRegression) = A& BHciustering)
s EL2 (Classification) - 1}-& %.a_lD\mens ionality Reduction)

= GAN(Generative Adversarial Network)

(29 2-5] HAHY &

Astse Agol Fold dolHE Fgote] FuZEe T 42 o
Zqt Ade Hwste shgshs WHelth W, HIAESES He] Fol
A7) ke HolHE gatst sh&olct

2h) A =8F5(Supervised Learning)

Awotse Ad 52 dolB(Labelol Gl FAelA 92 dlold (npur
1 dlo]8 (Output Data)@ Fo 923 Aolo] #AS
SHo glolth. mhx), BHshe sAle] A% A o Auet Aol el
A7t 4 }s}u} Aot B
A,

= 1

L 'C

o, AYe Husty B9 ARE T 5 gt d, FuEe] a4 4y
=

=

_][)1[ m.l)h
_10

A Est52 3] (Regression) wA9t 7 (Classification) BAIZ Us 4

At 29 2Ae 9 ®avt UL Sk, 7ok 22 959 HgE CSHl

70) John D. Kelleher, ibid., p.45.
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4 | (x)

[ 2-6] A% 9] 24

i H|Lof

(27 2-7] AF Fof of 2ol ohFt oA LT
gol gtk g6l F2 ofe] Y 9 S FUstel AnE EESE

Y EYAE(Random Forest)@} Z-& 9FAFE-(Ensemble) B0 AFF AR
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.
(3)  Support Vector Machine (SVM)

SVM< 20108 %= Z=F7h] tfefeh HopolA ARSH WHECR o 4
o] o AGto| Holzglo] 9l meolth ﬂ—ﬂoﬂ/ﬂ% upport Victor

Regression(SVR), ©]/4%] &2 (Anomaly Detection) &A|o4= Class SVM

V . Hyperplane
Support Vectors

[713 2-8] SVM(Support Vector Machine)
S g AMgE SVMe A8 7HE & vs 4 e A4 BA(Decision
Boundary)S Ash= Rdolth [13 2-8]9 ¥4Z gjmo] 7184 AAo]
P

S 2e2E BROE QUSE Y F2 24 ALY T 4 vk

A A
ZF 2o AA BA 7 7Pk HlolHE AEZE HE (Support
Victor)2tal s, & & Afolo] AZE ubl(Margin)ol2tal 2ttt mhxl
S HUstets 24 AAE ZHHMHyper Plane)o]2tal shH, o] 2HHE

ZHe= 7o) SVMe| HAo|ot,

SVM2 ofg] oA o& dFo= Adel de 2d F shelAT
AAsoF & % ujsfH4(Hyper Parameter)7} Wil st &£&7F @th= o
Aol it ol 9] Fejo whet stgo] E7HssH7 e st R, 39 B
T OAMEA Yok 2] siAe] 57 wWiwel AEY #HlAE SVM
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& A8 ol
(4)  k—Nearest Neighbors (k—NN)

k-NN& Al2g dlole ZAE] k| 744 77te ol5e] diie] 2
A oz Az dolE EES BRst o4 ki ALAT A
Hsls o] Holu], Hole ZE 7&4 Ade agtros g2 A
= Ajgstol Astdn. e ﬂa 9 JE A& 7Pssith (1 2-99]
A Az ol (Eene] 2HAE 44 ke dold 5718 mejsie] o
I we AfoA & o
g Rojz FuFoltt AT Az Jhus dolget 7zl Holg

m JIN'

]}V
I8 o

| o

ot
2@

—\ e

[713" 2-9] k—-NN(k—Nearest Neighbors)

Arolo] ARE nE Axtsta vuwsjof stn2 do|Hrt gE4E 6
7t FAsH =8 As Eol Stk

il
b
k1

(5) SAHE 1Y (Ensemble Model)
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[C1F 2-10] = 229 712 4
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Hj 7 Bootstrap Aggregating®] &Y=

o
gL

& S4aiel Az

o) mele] o3}

A2Es oz 7ol AEHUF (Decision Tree) 2
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HESHA AdElste] SArEA U] FHl v e A=E
np) ]2 g5 (Unsupervised Learning)

HIAE shg2 Y &2 doleo] FAAA &AL, diole AAlelA 14
o} WRle Zohfi Sl Wyeltt. F2 W&E dolHE 1gateAL §
olele] A% EH (Feature)s FE5to] 2|Zshio] dAe] DAR ARESH]
A7 2A 7Rdste] s

H
e
Aw)
o
ol
e
zQ,
N
R=)
Mo
gu!
e
i
i)
2
fin
ol
Hm
1

(1 <32} (Clustering)

Tt dloly Hae ol 1FoR JiE 7Holtt FEt Holg

Azol g AHelA B4o] fAR delazle ol ol Ael 2
G, BB EL T$0% etk 24 AL B4 B we g
off AYstAY 8 AEE Ueti+= A EDOmn Index, Silhouette 5)&
Tt} AT 4 et FA B (17 2-1109 27 ) A= Ak, 2
4 7 2o AYst b ges ede agEd. 29 0 SuE A
She BUE TR0l 448 ANELS AR §ATSE Eh 24 0 BeE

k= Aol v a2&5H NS A= vE=s S

) ruLu

[} )
®_ 9
o ® :
@ @ @
g @
& ®
® o @ o
®e °
=& 27} =& 371

[ 2-11] Hske] Y=o 24 Aol wE 23

+33te]  thEAHQ HHESE=  k-Means Clustering, Hierarchical

_50_



Clustering, Density—Based Spatial =~ Clustering of Applications  with
Noise(DBSCAN) 5o 9ltt.

(2) 2 =4 (Dimensionality Reduction)
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Mes &ole W4 A= (Feature

S oths AR At A9 34 dwees
Analysis (PC A), ozt 944 &% (Multi-Dimensional Scaling, MDS),
Locally Linear Embedding(LLE), t—Stochastic Neighbor Embedding(t—-SNE)

So] gt
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@ 93A% Bd 45 Amch B

ofwet AgE w4 etk A ARE &4 g4et TR BA9)
=2o] 37| £ BFAA| ot 2R
OREE

A49 29 WHE ASSL A BANA dEHoR ABHL A
Z]E+= MSEQF Mean Absolute Percentage Error(MAPE)7F Qltd. MAPE+=
g d oatel ARE wEas uehls] med £ W gl

e wA dette Aol dth 40 o & 27 AARE G53E ve
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Oll
mlo

=
i

n
~

1
MSE= ;Z (yz - %’)2
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MAPE= lzix 100

n,=1 Y

71) John D. Kelleher, ibid., p.50.
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AT (Accuracy)= AA dlolg] F Ldo] ZHIZ7 EF73L

Az

OS2k

Positive

Negative

Positive

TP
(True Positive)

FN
(False Negative)

Negative

FP
(False Positive)

TN
(True Negative)

[18 2-13] Confusion Matrix

SAe ofefet 2t

TP+

TN

;(qj’j—};-_ e
=1

© TP+ FN+ FP+ TN

AU T (Precision)~= 9|=7ko] Positived} E55% A =

Hlgolt}, 5412 ofzfel 2t

=

o2,

]

=

TP

- —
aq. —

A& (Recal)= AAIZEo] Positive?l A
7

HlEolty, 42 offel gt

Fl Score= UL AL o] z3}gFolrt,

Lr z
L

2t S0t 2= HlolHEe] Aok 2 A HolH =2

AH e =

F1 Score =

-~

2 X Precision X Recall

TP+ FP

ot

A1A|Zko] Positive?l

% A&gkol Positivest EFEH

TP
TP+ FN

S (o)
e

Precision
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N3 (Artificial Neural Network)o|A 2HHH 7|&=2 Al
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7hH  HAEE (Perceptron)
7@ Neuron)olehx sh= 449 o] 47 AE7} meol
A

(3]
=
oAl 2L Qeol ojmat eato g ke 3 kg Rl

_|>:‘
o
1o
FIO 'y
=2
rr

At wH
o7 AT E Mt ojuf Mt AT gro]l 4o AARL oldold oy
waom FEolal, %A o obf AL SHA| gkt ol fFARSHA |
g 72 @9d HAERCR AFHch HAEER Ry npbriA =
dolelE dgrtot 7tgxet gL Xgote] oy HAERZCR Hdshs
TFE= Hof Ut
A8 HAEE o 7H7F 2o BT dFE +¥ske HEHA
xR g glen Jede JAd3AETe o 23 dA ST etk
(24 2-14]2 HAEES F25 vehdt

Lz, xy, -, 2y 98 AR, ye= 29 AR, w), wy, -, w,e 7FSA
(Weight) S Yepdtt, g9 Rdxt vlwstH, 7t 39 Aot 22 8
5 W= (Parameten)th. d9 A5t 7FEA] H52 % gk gro] &4



ek

(Intercept)

- y
olad — £ & (Output
2 &H(input) PR =S (Output)

st (Activation

function)

Tx I _
ot=(Activation Rinction)E &stA H A FHAE HHE AR
e AN A g DHEZECR JAAE AR, 71 et
g4 e o | A dAANO)ETG Z2H 1S
=935t ofY® 0 (Step Function)T}.

) oF HAEE(Multi-Layer Perceptron)

(1™ 2-15]¢9] o5 opHlEZ(Multi-Layer Perceptron, MLP)2 {1383
(Input Layer)¥ &3Z(Output Layer) Afolofl g 7 o]4re] 245 (Hidden
Layer)o] 4rQl Gzt

dES(nput Layer)2 4= dHlo|HE = Layerth. 243 (Hidden Layer)
o4 dolole] Ee} 1A ol B AW zA B Bl A4

glo]o](Layer)th. &8=(Output Layer)2 thZE HAEZO|A ZE Ax}

il
ne

daze g Wh ANE, FdIe dF WS ALl Node2
717] wjzo] doleo] s FaHAE, 295 Layersh Node 4 Y

IS
EHIE AAsHEA A3 dAsioF k. 249359 ZF Nodeold HAEEZ

_56_



dito] ALx7] ool ohF HAEENA Layer 7t St
b 548 #AE & 4 Ao

) JIFABFT dEE

(D =Y HiA]

Ay HjZ2= A2 o5 Hol"HE [ 2-16J4" e AHoloh =Y
HiZ= xdog mde ARgHT &, A WA ujY 8#jxE F5 Feed
Forward®} Back Propagationg st & F ®A| w]Yy vjX]E Tl Feed
Forward®} Back Propagation® WHERtth RE m|Y HjZ|o|A St5Fo] 43
HH shte]l 7191 EpochZt B¢l mlY HiA|E ©<ed] Hjztetl: FARE

o}

(2) AAVSFIH (Gradient Descent Method)
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2
=
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T I e KK B o i -4 bd i ol RS SR S D LR
(Parameter) & @U|°|Esh= ZAolth. 77| Gradientz#t? =29 P&
ol & 4 Ut

1 t2or AooF & Z2 sk5E(Learning Rate)©]t}. Learning Rate
+ Y9= “4ShH= HyperParameter2A4 WF A A4S ol Local
Minimume]| #-2 29| 7}F25 92 £ 4 ok 9, JF7 24 43
St W’ (Overshooting) =0 &4 g7t WHitstR=R S50l o]f0]7]

A gk % Sek.

(3) ZA F4(Activation Function)
s34l To] Feol £2 ol T stue= HAY B4 &Non-linear
Function)& AFgsl7] W&ot &4 T4t Lo

2 gol ZFe Qdygorg Hr: S

1o
o
1%
2
fol
o
N
ofN
A
f

= il H = = a T 1.
HAEES 54 dAA ool =W 427F A== Step Functions
ARSI, QIFAIET A= 7HSAE Fe oA ulEe] TestEE,

s
%7] QlFAAToA= Step Function®] Weto 2 Sigmoid FunctionS T
A|qt | Gradient Vanishingo|gt= 7127] &4 EA7F 23T Gradient

Vanishingg F&st12F [19 2-17] AY v|& 7153 oy &4 42 A}
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3
251 | SERLU
! -SELU
=—ELL}
157 —— Swish
1t - Leaky ReLU
—RelLU
0.5
0 \'
-0.5 \ ’ .
-] p—————— /
ast - .
_2 1 L
-6 -4 -2 0 2 4

(2" 2-17] 4%
|3ttt tfEA o2 Rectified Linear Unit(ReLU), Exponential Linear Unit
(ELU) 59 48 At

(4) &% &4(Output Function)
g s v S50 20E 5o W AEt JH=E P
T 9dge ot 2 ®Aleld e Y2 E9ste  Identity
Function, %% HA"H Softmax Functione AF&-3Hct.

Softmax Functione YZHES 004 1Ato]2 Afslsto] &7k Fg

e 17 Btes EFS Zeth

flo

(5) EFoF (Dropout)

ASAEE2 Layer®t NodeZt WotdsE Hdlo] H3si]7] wfjZo 3
Aoto] I 4= Ut Dropout Y9 H|Sh= Regularization} 2H
= e aE vk

[23 2-18] A™ Dropout ot Mo 44 H]&o] LRt AES



Sy

(6) Batch Normalization

ozl e 24YF= FHstHA 4Y Ex7F uid ®gste 2AE
Internal Covariance Shift 2tal 2t} o] A= st &

of 7lsA7E AT WIFerR  JdUolEHE  Hle]  Hoh  Batch
Normalization Zt Layerof| A &4 g5 Sito
g olFo o AR 2
Covariance Shiftg slZ23gtct,

2})  Convolutional Neural Network(CNN)

Convolutional Neural Network(CNN)-&= oJn] 2|1} JAF
H]H (Computer Vision)o|A 71 tixA oz AR L=
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S HAEE omAE A&t HsiMe AFES 1AE] HHE H
Aofof qit. A Shp= A9 dHlolEe Y Wy A= . SshA|R
FE= 49 dlolH Por EFWUA ouA7t Z= AR E49 FHA
X (Spatial Feature)E olH A Hrt
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<7xml version="1.0"

512 Bounding Box 9
encoding="UTF-8"7>

-<annotations>

<version>1.1</version>

-<meta>

-<task>

<id>219</id>
<name>§h9-_EHF_Yuk_o]3¥_0818_4%

<size>300</size>

7o x]</name>

<mode>interpolation</mode>

<overlap>b</overlap>

<bugtracker/>

<created>2021-08-18 09:57:20.892013+00:00</created>
<updated>2021-09-06 02:20:19.186262+00:00</updated>
<start_frame>0</start_frame>
<stop_frame>5980</stop_frame>
<frame_filter>step=20</frame_filter>

—<labels>

-<label>

<name>Right_behind_leg</name>
<color>#df32db</color>

<attributes> </attributes>

</label>

<dumped>2021-09-16 00:39:42.930962+00:00</dumped>
<source>01_D05_F4_99_7_210802_0659_0701.mp4</source>

</meta>

-<image height="1656" width="2944" name="frame_000000" id="0">

<box z_order="0" ybr="786.15" xbr="1009.94" ytl="611.90" xtl="943.33"
</box>

<box z_order="0" ybr="475.81"
ybr="718.51"
ybr="421.29"
ybr="827.42"
ybr="770.10"

<box z_order="0"
<box z_order="0"
<box z_order="0"
<box z_order="0"

JSON dlo]¥ (&%)
{
"fileName": "A-5-1-31",
"farmName" "Aj & ",
"voiceType": "&7%-8",
"recordDate": "2021-09-14",
“cowType": "HA]L",
"recordTime": "10*
}

5 =g

source="manual" occluded="1" label="Right_behind_leg">

xbr="1033.21" ytl="272.89" xtl="875.00" source="manual" cccluded="0" label="Hip"> </box>
xbr="631.61" ytl="569.50" xtl="572.00" source="manual" occluded="1" label="Right_front_leg"> </box>
xbr="461.10" ytl="249.20" xt1="304.07" source="manual" occluded="1" label="Hip"> </box>
xbr="1103.95" ytl="533.93" xtl="887.27" source="manual" cccluded="1" label="Left_behind_leg"> </box>
xbr="608.68" ytl="538.52" xtl="489.45" source="manual" occluded="0" label="Left_front_leg">



o w2 AH 74,

(% 3-8]e 94 Auo] A TAL 77 Helzt

[ 3-6] oln]] 2kl & ojicEo]d 7%

FET 9= AR 9= 89 G
- - object ool AR
— object H et Hlo]El
task object el dlolE AA
id number o 4
name string oy
size int olm|z]o] Al
mode string e
overlap int QHH
bugtraker - W1 F3
created date o A AA
updated date 1 AHo|E o] A]
start_frame int A2} o]u]z]
stop_frame int Z=m olu]z|
frame filter string F= olu|z] 714
labels object A A 2]
A Aol A (A
label object
Hg ghE)
meta name enum A o] &
. color string AAY AR (Hex color)
annotations attributes - 21
segments  object HN1IHE o9
id
start int Al AR
stop int Za AR
url enum URL AR
owner object ZEA 2}
username  enum AA ID
email enum oY F4
assignee enum A5AF
original_size object Width, Height Size
YYYY-MM-DD
dumped date
HH:MM:SS
source string I 3L
— obiject ﬁﬂﬂ‘” AR
id int oy AR
image name string H}C’] s
width int ]D]Z] =
height int oju|z] o]
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[# 3-7] olm]x] FHof mE

A 74

Clabel> 31F Polygon?] #lol& v
occluded 7heA] o=

{z_order) Polygon?] z% A 7t

{points) Aol 9x]( s'oz2 FH )
{group_idy PolygonollAl 123} Zlo] Ax

{label) i Boxe #olE &
{occluded) 7t o F
{xtly gt x HE (X Top Left)
{ytly g y 7 (Y Top Left)
{xbry 25t x FE (X Bottom Left)
{ybry L35t vy 3 (Y Bottom Left)
{z_order) Box9] z& A" 7k

(label) g KeyPoint2] lo]E
{occluded) 7t o i
{truncated) ey o7

{pointsy el $14

{z_order) Keypoint®] z5% AE 7k

(£ 3-8] &4 ©l°olH

fileName string oY o]& (A~E)
farm string & &
_ _ =78 TREI1ES, 2,
o voiceType string we)
s recordDate string 24 YAHYYYY-MM-DD)
_ TR, ofdEotA]
cowType string 249
audioLength string  AIZH10/60%)
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* Depth Camera - SYAUETHA (84,88, 238,719)
. =27 +

=
- FMNM O H|O|H £474 L
-+ B 7} (€8, 298, 74, 23)

[ 3-10] HlolEl 5 Azt

HANA = - 57 FElA ofr|A] HolE(CCTV, Depth

gloly 44
=4 # &4 AA HlolHE ™ doly A dAAE #

Camera), 2%

Y =72 28T A A9 L AAYE TF 94 2 BT A7 49L&
th dlole 7k WAL olmdold =S Bgsty, ehaY W A
3 Aee AT 14 1E F B L £3 5 2% 4% AYL +9a

h @Al Hlelge] 14

YA HiolE = [® 3-9]0Ae} o] A= AU

[ 3-9] ¥A] dlolg o] 14

ske. CCTV &9 . 2L /EE
dole 4 T Ty T TEEE peph 2@
= MP4 WAV CSV, txt

2h) dlolge] 25 A

dolele 85 Ag 44, dolg &5, 95 dHolg A4, v Heold
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(19 3-11] HlelH 9| &= 77

g5 AY $9 BANAL, 5% HelR dolg s Fas s
Hole 54 F5g Ansir] g5t A @ols AWt

dole E= wAAE, A" Fu(CCTV, A4 S)o] 54 2 A9
9 gole] G54 A 5 & F4st] HolHE Asd 95 Holg
A% DAL dolg BA 13} BR 4 A AAdols BRI R £4
st Asich w3 dold AAS BANNE A5 5w doHE A
gsgi,
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[# 3-10] % dHlolH =4 AluEle
[ @es  FEF  delEmw = A5 wE |

. CCTV+¥E3hd
A ag olu deld & 93 29 oju|A
7t 2H+Depth Camera
qAs BEE Amz 9B 95 et
oJof Ajof Y= =TE 2 s
B zol o=
olu|z] ©lo]E = LH_E}%EE]S %]];]]Q) =4, Depth Camera
=74 Hlolg Vocalization SA7E =97 AH
mounting
4% 57 AR A YF
o= olm|7] dlolE walking CCTV
Eating
IR
=7 dlolH Vocalization SA72 =287 A
mounting
=5 UA HER A= BT
o= olu|z] Tlo]H walking CCTV
Eating
v
ol s, 2 o
ol gojg  =E S E G cCTV
;H/\}/%] ;f:_]-‘jg il oEH =l
olu]%] dlolH Lameness CCTV
Hure CCTV
D 2EL ofulx| Holg 291 ofulz] CCTV+ash) 7ot
ZARE vt ;
A2 2EH A oln|z] HolH = iT%ﬂ o13] CCTV+aMy 7zt
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5 A Es 94 dolE e 54

3-11] 7HA && 94 dolHe 54

. B AutAol &= CCTV Od_“,j./q- B
= - =20 = (e}

DA Tl e Depth B

g5 G deld 050 S5 44

Hlol Camera

CCTV Depth 4 A
Camera E

ot Ak 12 | (EA EﬂolEi HADeAM A4

olf Fd7|zel g I AA F Ul 59 VI 258 o= H
Aottt 221 ORI E ‘?Pc}@i H|AE3h oA A% dlo]§ o] AgA|(H]
AEe}) dab= 257 ©elE = dAdolEl(MP4 F4HE vIAHS &
o importsttt. frame 10FPSZ AA 5}931:} Face Detection from File
Aelste] 2bF BHAESE A2 A, AHe] ofd £ Ahoi+ d=

olxlo] o]al& 2 glom Eah} £4H 4 M FEE AY d9e A4

sho] ulAPgs} Helstedct

op) ofigo]d/ahu

ojl-Hlo|Md T HFLZE= TensorFlow 2.3 + Keras + YOLO 4.0 =9 +
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ALEuto]lg oz LA TensorFlows FZolA @ 4227 7 H
AHYS Y9t End to End &E A4 Z3iZolt}, Kerast= TensorFlow 2.0
ol4} Mol 2 YsH= High-Level API 2to]Haj2]tt, YOLO 4.0 Rde
2020 4¢ EA1" CNN ¢85 718k AAIZE Object Detection A7 =
dz 1EETYPoA dE Bd F X119 ZHHAE FARIT

golelAl 58 918 A& EF+E= Content Input Layer, Repository
Layer, Content Management Layer, Presentation Layer®] 472 8 7|%
HEs 4 "o [3F 3-12]o4 A=Y ZH2be] 7]gREe] disiA A
gotal it

[(® 3-12] A& =+9] 7| 5=

Ad=E 44 9 B4ste #22=% DB to
Content Input Layer DB H= 237t ot 24 48 52 5ol
Auzol 3 W A4 s
| 2 9 qeE Avzel v Wt dloH g
Repository Layer A%
A=) £, A, B4, o, A o
Content Management Layer S|AE2] 2] 9 FQlo] mE s A"=
S AA =
P o0 L S25 Ad=E g miAlof sA AA] AHA
resentation Layer A

oji-glo]do] ¢rH HolEe olkHold =FE Sl 4AtEsHA HA
AHEE G Qe xml mHdo] A

2
(% 3-13)% vhew vha dojEe] XML 7% e,
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[# 3-13] H}23 A XML HolH %

{?xml version="1.0" encoding="UTF-8"?) —<annotationsy <{versiony1.1<{/version)
~{metay

—<tasky <id>219</id> <size»>300<{/sizey <modeyinterpolation{/mode)> <overlapy5</
overlapy <bugtracker/> {created)20208-18 09:57:20.892013+00:00</created
{updated>20209-06 02:20:19.186262+00:00</updated>
(start_frame)0</start_framey <{stop_frame»5980</stop_frame)

{frame_filter) step=20</frame_filter) —<labels) —<label) <{name)Right_behind_leg</
namey <color)#df32db<{/color) <attributesy <{/attributesy </label)
{dumped>20209-16 00:39:42.930962+00:00</dumped>
{sourcey)01_DO05_F4_99 7 210802_0659_0701.mp4</sourcey {/metay - <image
height="1656" width="2944" name="frame_000000" id="0"> <box z_order="0'
ybr="786.15" xbr="1009.94" ytl="611.90" xtI="943.33" source="manual"
occluded="1" label="Right_behind_leg"> <{/box)

<box z_order="0" ybr="475.81" xbr="1033.21" ytl="272.89" xtlI="875.00"
source="manual" occluded="0" label="Hip") {/box) <box z_order="0"

br="718.51" xbr="631.61" ytl="569.50" xt|="572.00" source="manual" occluded="1"
abel="Right_front_leg"> <{/box)

<box z_order="0" ybr="421.29" xbr="461.10" ytl="249.20" xtI="304.07"
source="manual" occluded="1" label="Hip"> <{/box) <box z_ order="0"
ybr="827.42" xbr="1103.95" ytl="533.93" xtl="887.27" source="manual"
occluded="1" label="Left_behind_leg"> <{/box)

<box z_order="0" ybr="770.10" xbr="608.68" yt|="538.52" xtl="489.45"
source="manual" occluded="0" label="Left front leg"> .
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4 e 2ntE ZAE 9% ATAL 2

A4 PF A4S 2 A
= ot 1o E g 4 dofof Tk & Fot gH, 281 Pst
= AHE J4StE AL AntE HAES] ¢ %363 7|solm, Hststy Al
|

03’3:}7]& P54 7ol dasit P 5 GHE ¢

Az|e} 1of wet &£ AAlste Ax
AP ﬂ“ﬂa}% ol A 1A Fdo] 7HsooF gttt " Y
Al 7lee 71E Tlesl Hel w2 A ASsS Holi SlX
YOLO(You Only LookOnce)tt SSD(Single Shot MultiBox Detector)2} 2+
< 7lee e Zlsel A7 HA" HAAZE 52 2AE HETH. [#
3-14] 2MEESARY] 8 F4a40 a4 AN e AHES Hole
o},

[E 3-14] AUESAF 9 484

W2shd  LE, Sk, CO, Rk, gmuo}, o|itaiehi,
AR Hagu FAERAEA S
- H 3514
agme] IR o Lo za ge an 34 =
Ha] g
drgElA] 7], AHEgolr], AtmHl, G4y
A0 A}
A 017 =
HlG9A  AEgoly], AlmHl, L4es] 5
] CCTV, DVR &
YA A 2] PC, ZUE S

Wt A gH 2 QA
F AR A 9 QAL e dshd eeny gdd 94 o
oJHel A Tho AHE mRHoR wAsT AXeA] % Meleh. 2nt
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th =g A4
ndE A4 dAlE foly sk GAIRA, sk HolEAlS o]&dle] <l

At A, o B A5E P WA B 4
oh & dolAe SATlolE, olux] Holy, g B 7|et HH Hole
Gepe 4l dolEg Ziztel deld B4 2 ol Helstolo}
ot ARRE= st dlolg Al T 7P Si4lo] H= o|mA] Holy (512x512
Ve we el doldolnz, og Heshl A FE CNN
(Convolutional Neural Network) O}_’ﬂ%—% tro] ARgsial Qi

L g5l Bl W olgsel, 34
glolg] W &= &7 me A& dsfof gttt o] o, mf®l Q14 ¥ Am
B8 st w5k 4l Support Vector Machine (SVM)-& 4~3§gtct,
T3F DBN (Deep Belief Network) ¢t &2 AS AAY mdE Fo 24

F_O,l'a _|_4 0% OH

=74 dolEe 24 A &%4

79) A& =5, FUE. (2012). “HAZE oF AA 14 2 FA 71T et =g
2y, 16(2), 386-393.

I
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3-15] AAIAL 98 AEAS 2d A% HiL(Box AP)

Swin—-L 58.7% 1
Cascade Eff-R7
NAS—FPN 57.3% 2
Scaled-YOLOv4
CSPp 56.0% 3
Efficient—Det 53.7% 4

A2 Adds AAAAE 9P QBAS BASO] COCO test—dev
Data set ° tigt Box AP (IoU 9 Class ¥ AP —?7')71103 A9 4 2
go] Ao Hwe Avke [E 3-15]9 2 AP75 71Eos 2 A
s Hla A [® 3-16]7 Zrh

[E 3-16] AAAAS £t 13RS 2E A% H W (AP75)

om

.
h‘i‘

Scaled=YOLOvV5
CSp 61.2% 2
Cascade Eff-B7
Efficient—Det 58.4% 13
Swin—L N/A N/A

AP} AP7594 118 A5S Holx= Scaled-YOLOv4 CSPe} Box AP7}
71 249 Swin-L& A-g mdg AAst ARgSHF o gh| sidreic,
2 dAFodEe [8 3-17]7 Zo] AFE Ay PYHor Iy F7] A5

+4 olg
(2737 37D

+o]u]#] o] E]

&7 A%

iy 7] ROC, A gk
d= nd F-score 5 4y A7) A&
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=0 dH onA] dEE
A, dRtAos AAE ERY 4 e CNN, A& H=S &+ Ade
Faster R—-CNN, YOLO, A& £&s}o] nfA7] st= Mask R-CNNS &
Hao=z A8 7Hssi

(1) CNNE 23 54227 Zgs 25

AL€24 A1AY(Convolution Neural Network, CNN)= F=2 o]n]7],
O, HAE ARRE, dF 4 § et I EFFE B EFE
A ArgRter. CNN2 #ge 23 23 E42 /sl 24 shasta
o =Y 94 2AE detdls "HElY dads § P ®ol ARREE
darEFoltt

AE2FA AATY Fx2= onxe] EAS FEdte F20 SdLE &
Fohs FElr s 4 foew, BY FE992 HEFA dolofst £33
gdololE oy fd A= dHiz AA4EM, dF dlolgo] 2HE A8 & 24
s} g RhgRT upAHele ojujxe] ERE flt & A2 o]
(Fully Connected Layers, FC)7} F71=H, oln]|z]9] E4& F&E5he Tt
omAE R/ T2 Atelol olulx] FH HolHE HiE dHiE TEs
Flatteng[o]o]7} EAettt. oln]z] ERFFES fIsto] ¥ dHlolHE EE7t

=35t HdES AAtsta, I A4t AE o]-85to] Feature Map& 4,
HEFA #lo]ol= Filter 7], Stride, Padding A-§ %, Max Pooling 3
7o w2t &3 dlol8 9 Shape?t WA H7| = QHrt.80

(2) Mask R-CNN& |83t 4] 2]

Mask R-CNN-2 Faster R-CNNej 7zt mAo] ARz opbdxE
maskingsl= CNN& 371519 Binary Masks THETH Mask R-CNN2
COCO challenges®] X task(instance seg, bounding—box(bbox) object

detection, person keypoint detection)olA4] o] REHT} 43t A5 HSI

80) G, (2020). “AFAs AEE wetue Wsfe] whE AgydeE Het 247 FAT

Shi Tt WALl
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(13 3-12] Mask R—-CNN o}7]= A

[17 3-12]2 Mask R-CNN op7[g|4E HojErh Mask R-CNN of
78| Aol A= olm]|x]oflA] Conv Layerg ©]&d Feature mape FE5to]
Rol& F&3t AFE Classification®t bbox regression(Faster R—CNN)s}=
A& U

R-CNN, Fast R-CNN, Faster R-CNN =2%  ZAE2](Object
Detection)& 918t E&o]r, Mask R-CNN- Faster R-CNN-& &5}

Instance Segmentation®]| 2-85}312} o= o]t

[3 3-18] R-CNN, Fast R-CNN, Faster R—-CNN, Mask R-CNN H|n

1 R-CNN(2014) Object Detection
2 Fast R—CNN(2015) Object Detection
3 Faster R—CNN(2016) Object Detection
4 Mask R-CNN(2017) Instance Segmentation

(3) YOLOE &8% A4 H=

YOLO R49] 8= o &35aAF sh= o]u|x]E S*S Grid cells® WU
I cellotel shte] AAE o &gk [28 3-13]& YOLO 29Ol Gride
cells #&-& vepdch. w2 AAE 7§49 boundary boxE ol AL <
et 2718 mpeeict, ojuf, M(celhubrt shte] AATRS & 4 917

izl o= AAZE AA A =HE 2 ARe gAE A5 2 74

B\
ol



AUtk 7 Al(cel)2 o2 2H0=R AS55 dith WA, [O17 3-14]9A
Ad B9 boundary boxesE 535kl 7+ boxi SHHe] box confidence
scores 7HAAl Qlew, =% box oF ARRICl & shte] AT =HA|st
o, T3 C7H9] conditional class probabilitiesE o &3t

(18] 3-13] YOLO R24l9] Gride cells &

7t boundary box= ZAAC 1A (x, y), AAC Z7] (w, h), box
confidence scoreZ2 A=l F S/ AAE E{STE o714 box
confidence score= box7} ZAAE EJF5t AL 7154l (objectless) T}
boundary box®] A2 HESI Conditional class probabilitiese= ®A]
H AA7E o= B S 2ol EsteAlo] it &EelH, 2 scorew= 94
o=z Ao, Class confidence scorex= 272t 2|93} (localization) & T
of thgt confidence® F4Ttt. A€ E°l, PASCAL VOCE H7Ist7] <lsf
7x7 grids, 2 boundary boxes, 20 classesE AFEHE 4%, 1 cell = 2x (x,
y, w, h, confidence) + 20 = 300|822 &9 Ayt Fei+= (7, 7, 30)0] H
tt. YOLO®| 8 7Hd2 (7, 7, 30) MAE “I5st= CNN U EIE +
Zot= Aolm, CNN Zd2 spatial dimensione 1024702] channel& 7H
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7x7 dimension©.2 =43t}

‘ '
'
| confidence sco
‘.‘_.l (%, . w. h) I+| (miac;e:a-vhn:; ] E
! 0
i
i
1

‘
confidence score | 1
%y, w, h) | + | (objectness-+box) | i

car: 0.05
peeson: 0.10

fruck  0.02 cell(1, 1)

[28 3-14] YOLO 22 9] B} boundary boxes 1%

YOLO+  7x7x2  boundary box 95 W=7 Hs 2709
fully—connected layersE 53l linear regression= 433},

d2402  YOLOE  247H¢]  convolutional  layers@t — 27H<]
fully—connected layers2 FAg%o] ¢loem, BH convolution layerst= 1x1
AdS AHESIA] feature maps®] ZolE Eolil FHIFTHOo= (7, 7, 30) FH
o WAZ TS

5 QAFAT e A4 2 H§

et o E%‘E ﬁéﬂ%ﬂr. =73 A}%— E—%ﬂ ok Accuracy,
Precision® Recall& AFESth 54 dlo|HE 7HA]AL S5 AP 3¢,

81) Joseph Redmon, Santosh Divvala, Ross  Girshick, Ali Farhadi. You Only Look
Once:Unified, Real-Time Object Detection. https://doi.org/10.48550/arXiv.1506.02640
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et obEg dlolE e 2 1,0007] 7L R 8:2 Exe 9:1 Hlga ARERL
o YOLOE 9= 7|9 2lss 7oz AR 4 qlow, 29ty HE
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. 3

g Aol JlEAoR WARE AWS 9 BR9E DS 3
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9= :@ﬂcﬂom‘z 4@0}9&@. W gl Y@ QAR 2 SAt
G4 =2
SAG R EEAGE BATeRA B4 slerelolels
dlole Fgol 7Fsshes skt
) olwElold WAl B 7)E
A7) 9] 8L SASHE Bounding box, Z1Ae] FH @5 AWg 9

Sl A= Polygon, A9 T4 P& AES {8+ Key—point HA-S A4

Stk [ 3-19]€ =y #dA dA/1nA] FE 27 e HEdL
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[E 4-1] Annotation Data

Tag Name A
<task> HER GlolEfef &4l
L<id> GOl 7}8 B0 S0iEE Job IDE Job MHA AH522 20f
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20219] RS ™, Reculsive Feature Pyramid(RFP)E AH83F &d1e|&&
23to 2 skal Qlth, RFP= 7]& FPN(Feature Pyramid Networks)E A44
o7 o]o] Zof FHste WAHO=E edgef2o AFMA BIE HeIoh
Atrous Convolution ZE convolution layer®] ZE field—of-views 43l
Al 7IMor, A& HEF Afolo] M-S T{isto] w7 o] 4
U Axtge s8R @3 Ad 27] g7t Zhssieh SACGE 24 3719
componentsZ FAAEo] QEd, UFH=E F7ME 2709 global context
moduleo] 7Fg & E4o|H, o] global context module A4S Faf HAHA

2 shag

1

Predict
Predict

Predict

(a) FPN. (b) RFP adds feedback connections to FPN.

Predict
Predict

Predict

(c) Unrolling RFP to an example 2-step sequential implementation.

[C1¥ 4-10] FPN, RFP

88) Siyuan Qiao, Liang—Chieh Chen, Alan Yuille. (2020). “DetectoRS: Detecting Objects
with Recursive Feature Pyramid and Switchable Atrous Convolution”.
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ABSTRACT

A Study on the Artificial Intelligence Simulation
System of Smart Barns Applying the Digital Twin
Model

Kim, Cheol-Rim

Major in Smart Convergence Product
Dept. of Smart Convergence Consulting
The Graduate School

Hansung University

Recently, the livestock industry in Korea is facing problems such as
deterioration of competitiveness in the global economic environment,
dense breeding, odor, aging of livestock breeders, catastrophic disease
antagonism, food safety, and animal welfare. In this industrial
environment, for the sustainable growth of the livestock industry, the 4th
Industrial Revolution technology and the livestock industry need to be
converged. Therefore, in order to improve productivity, data—based
technologies such as livestock environment and breeding management, safe

livestock product production, and animal welfare are being introduced

- 127 -



into the livestock industry. In addition, the government has been carrying
out a smart livestock farming project since 2017 through modernization
of ICT-based livestock farming facilities in order to improve the
productivity of livestock products and the livestock farming environment
as a policy. However, current smart livestock farming has limitations in
connectivity, diversity, and integration of monitoring and control.
Therefore, in order for the intelligent system to support all the processes
of livestock farming with intelligent algorithms and remote control for
linkage and integration of various monitoring and control, it is necessary
to use intelligent information technologies such as IoT, big data, artificial
intelligence, cloud computing, and mobile technology. And It is necessary
to develop a smart livestock farming system.

This study conducted a research on applying digital twin and artificial
intelligence technology to existing livestock management. In the preceding
research section, after examining background technologies such as smart
farm, smart barn, digital twin, and artificial intelligence, we looked at
domestic and foreign preceding studies related to intelligent information
technology and digital twin smart barn. And, in the main body, after
studying the existing digital twin model, a digital twin model for artificial
intelligence—based smart barn was proposed.

Subsequently, in order to verify the wvalidity of the artificial
intelligence—based smart barn digital twin model, an artificial intelligence
model suitable for each data closely related to estrus was implemented
and tested according to a scenario for detecting estrus with data collected
from the smart barn. Estrus detection was selected as a representative
scenario because it is a breeding activity that greatly affects productivity
improvement in breeding large animals such as Korean cattle and dairy
cows. The data related to estrus detection are behavioral images and

vocalization data of Korean cattle and dairy cows. Therefore, video and
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sound data collected through CCTVs and recorders in Korean cattle and
dairy cattle were processed and applied to learning and verification of
artificial intelligence models. Image and voice data collected from Korean
beef and dairy cow farms in  Gangwon-do, Gyeonggi—do,
Chungcheong—do, Gyeongsang—dong, and Jeolla—do, provided by the
Korea Institute for Intelligent Information Society, were used. Data was
built through data collection, purification, processing, labeling and
de—identification.

The artificial intelligence model for estrus detection of Hanwoo and
dairy cows applied different models according to the characteristics of
each livestock. In the case of Hanwoo, multiple object detection and
recognition techniques were applied. As artificial intelligence learning for
animal state image learning, we have selected: CNN for classification of
objects, Faster R—-CNN and YOLO for the object detection, and Mask
R-CNN for the object division and object masking. In the case of dairy
cows, the DetectoRS model was used for object detection, the HRNet
model for key point detection learning, the PoseC3D model for action
recognition learning, and the CNN for voice classification learning.

The test was conducted with pairs of image and vocalization data for
both Korean cattle and dairy cows. Higher performance results were
obtained when learning with both images or vocalization data than when
Al was trained. In the Korean cattle test, the average accuracy was 4.4%
and the F1 score was 3.1%, and in the cow test, the accuracy was
35.2% and the F1 score was 21.6%. Therefore, it was verified that the
use of various data is more suitable for the purpose to be obtained in
the scenario than when artificial intelligence modeling was performed with
one data.

This study can be used for the development of an Al-based smart

barn digital twin system, and it can also be used for Al modeling for
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many scenarios. Furthermore, it is expected that it could be used for the
development of multi-modal artificial intelligence for the realization of

smart barns.

(keyword] Smart farm, smart barn, smart barn platform, digital

twin, artificial intelligence
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