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Prevent and Track the Spread of Highy Pathogenic
Avian Influenza Virus using Big Data
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Abstract

This study was conducted with funding from the government (Ministry of Agriculture, Food and Rural Affairs) in
2018 with support from the Agricultural, Food, and Rural Affairs Agency, 318069-03-HD040, and is based on artificial
intelligence-based HPAI spread analysis and patterning. Highly Pathogenic Avian Influenza (HPAI) is coming from
abroad through migratory birds, but it is not clear exactly how it spreads to farms. In addition, it is assumed that
the main cause of the spread is the vehicle, but the main cause of the spread is not exactly known. However, it is
necessary to analyze the relationship between the vehicles and the facilities at the farms where they occur, as the type
of vehicles that visit the farms most frequently is between farms and facilities, such as livestock transportation and
feed transportation.

In this paper, based on the Korea Animal Health Integrated System (KAHIS) data provided by Animal and Plant
Quarantine Agency, the main cause of HPAI virus transfer is to be confirmed between vehicles and facilities.

m Keyword : Sankey diagram, Doc2Vec, TF-IDF, KAHIS(Korea Animal Health Integrated System), HPAI(Highly Pathogenic Avian

Influenza)

20001 119 1620 A2 20209 129 1620 4R A2 20209 129 23 74 844,
* o] Aile 20189 E AR (HUSAMEHY YL r HAE7E7|857Y A dol 3E Al
# o olaroldietn A ettt FASH} wa
b ghmolarol st ekl FAS T AAb
t WAIA A} (wonbeeny@gmail.com)
1) 318069-03-2HD040, %1525 7|5k HPAL 24t Q1A |l s} -+



146 F=uldjo]el=8x] A5A ARE

1.4 &

THUY ERABFAAE A &4
SPASEL gith A M4 ERAERAL
WA A%k AR T3l FAHE Aol
OF 20%5 FAEICE 20004 o|F -1 Lioje
oF 674w ] flof Wtch. o|egt AA|A L4
2 b wPUY 2RABRARY H2 49
° ANE B SYHD YO 1 o] F o]
ARE B3 kol AAS AR L e
USRI ekoleh 7haE AAY B 1gel
AlA] s nhel o) MRS 4EA 4 9
L 35w Hholel vt Sojgnk. olefdt £4
o 2 oQE Aol A 5 B A
o] Yojytrtal grefzick

LU RFAZRAA vhole s At |
%} Shakt 274 BHabo] Qlet. wholel 2] 17} 3}
Ak A BEow Qs opmg, e, Qlel,
Aol ol 57jol AskEE Aoz el

oL} gEE 3% vlgsith 24 S B
Ztel 3L welei2s} A oL el o/
57k 2 ATEE Aow delgont of gt

35l+= KAHIS(Korea Animal Health Integrated
System) H|o|E|& ©]-§-35}Ut. KAHIS H|o]El=
Bl I 71 £ A, A 20 A

5 4Rg we goy

2.1 KAHIS dlo]H

2.1.1 KAHIS HloJg]d] 3

KAHIS dolEl= &4t <

= SAAEFGE2A ) o3 2AAEHS 5
_]

nﬂ
18
re
-z
=
ol

Bt Al

5kl GPS T 5 Aatsto] Ao SYA
HE =3, #E3= Sequence to Sequence 4| o]
Efojtt.

FHSAH A EF A A7 KAHIS H|o]
B o] AL At 558 AEE 7Iee
2 S 1d Sete] A ARER o] Fo
A ek 2 Aol AR HlojE= Het b
off Al 7+9] o]F& ALt HA=E AAsHTh
2, A4o] ohd ot ZFEA gL ol
olt}.

s dlolele] 2 AR bt )

CoBEAA ARG PR AL

o AATE: AHE] B8 G5k AREE D)

CBESY : AMS PR olf

o RS HAbA] 5B A

o Fa i AAHY T



£ olg ZAe] 2 A 71E
©2 32 olEoly] ujRo| 2t ko] P
REe AgER Sosln A AL 1% e
—{%— %‘Z‘igi a %—7}, b ‘]:6:_7]—5 Y %7]-—3 HO]-T'E_{S]—‘I’—,
B Ao ALR SNME BAOE 7 5718 WE
stk R Yol 2 ATE AUTEE tE
4 Qlth WERHE Hpo] s|Fo] W A
TEE Fa7} 7|Fo] ©7) wjRolck, 2L F
Abe AATHE g 2k np o W
AR 22 GPS7} 7|2 LS 7)E2ow F
t}h. =, B7bR Sojzk Alzkah Uk Alzbe] AR
o4 ok

22 glolg HA g
22.1 A o]F AFE F&

2} 2 Sequencedt o]F HRE &35
t} o]% AR 27t Az} Ak

4 719 ol H o 4= gtk o8 Bol R

rit
ox
.
tr
>

QAo A 7%= HEAZ, 7] %= FEA|
A AghEe Xé—.%/\]i ol &st= At Zol
12 =2 23Rk EA Sk FEfolth Abg

Sequencedt o5 =27} of
AT YA E FEfolth

222 AFE olF AE £

Al 9 247 =2F 24 o] Sequenced)
A vdgE ez dblolgE AAsiE F, At
FHE 2709 A& Uz A& 50 A A
FY ol d27ta—>b>c—>dg¥a—>
bE, b cE, ¢~ dE HAEE Ut} o|ZF
UHrs o= HPAI Hiol2{ 2o Y E 571
A thEo® o] 5et AEEY HEsE oY)
Aotk Rl=7E & A Y45 HPAT Ht
ojgiof HHE Frket Aol =& Ao=w
of|Ztch. HPAIL BRo] 2 9] g4hs Eol7] ¢
A= s Aol e ke daidol

sl

A o)F AR B B UE 4 Uk
dlolg Hlol-e HPAI vho]oj o] 148 57t
SR WA T3t dlol] ol
S & 9tk PR HolBE o]§5hA HPAI
poleisdl R kel SAel U o
otk

Aepas 2749 A9S e o9t 37 4
27 *é‘%“i‘i | iolck. 37 ol4be] X} vt
e U EC R CE R DEDINER

o] WolW RO= o

2.3 Sankey diagram2 83k A|Zst

231 AEE HlEs

Sankey diagramo|¥} Flow diagram?] 3t £7
4 ol g S ol 25
AZVH o g2 7zl ojw §Eo] 7

3 el 3 ol & A2is)

B!
ol &7t 7}

o] ct.

Qg 1) AEE Hl= Azt

<% 1>2 HPAI o]
et Aol ol st Al
=271 918 A=t dlolHE
ol-gdll AlZteket Tylolnt. A5 WA w7
HPAI vfolz o] e E7He 5ok, 28

|
T4, A7) B A g
7ol A ol BT A 4E
Hi dole mebd AZFsheict. Sankey dia-
gram& B3 & = 9ol WA 7ol 7H
o

=
M) o Fak A4



148 F=uldjo|el=8x] A5A ARE

23| hEoRE 7% Feo] gk 4]
gusREolth. g ke F2 AUY
Aot A7 Beof Qi A BT Alg
SRmu g A sk gk

232 YERIE ves

.'.nn:uss“

AD0D150
AD0DI6T

4000204~
[‘.-Eggl 40001510

AD001528
LELi 0001608

e AD0DIG28
ADDD2020

000153
Jrieze AD00185=
AD0D163-

0001550
AD00150:

AD00208=
AD00155+
A000165=

<I¥ 2>+ HPAI Hpo|g 2o T H &
et Ao PEaRE Nesol $Eed
¥ x}eF9] HlE=4E Sankey diagram= ©]-8-3f|
A7 otk g%e] WAl ks HPAI

24 E3

241 A7 PHE

Sankey diagramS- 0|83t AJZtshe W
Sz AATE % PESTYE ABLS
A5 wholth. get WA 571 9] ole A
o]l 4 HPAT vho]2j 27k 5] gleha ghep

A3 A

1
Ir
T
T

o

off

N
N

57 XPM iRess X}Em ZH= 3717 W E
& AR 73S 1) HPAL Hpol# 2o
aaE Ade A9 A Hol=t sk

A S O HEE ek datels
S o]g3te] g A Fo R oifElE A -} A
WAol w2 AFE FE0= Yotk

& WA S TF-IDFE 0]516}01 stl x]

At Ak e 271 918 Al 7t
ol st 1

= 9 A9 o] 2 AFeR A

242 WE ¥g ¢aYF




2.4.3 TF-IDF

TF-IDF+= 1 43 g~ E wpoligdof A o]
83h= AR, ofF AR o]FAR ZA
wol U= Wl ofH wof7t 54 A WellA o
vt SR YEtdi= A Aol &
AollM e 4 A Tol2 {143l Ao
053 ARE BEAE 45ty TF-IDFE 24
sheiet. 4 (0 Bl & 4 SLz0] 4T wol

hEA el gl v

HErs, ye & 1% %@E‘r-

2.4.4 Doc2Vec

Doc2Vec2 A oj& o) AMEEE 7=
e e RS- ER R =] i}%
o ol B2E BFoR Q4ste] e o)
Aol 9% N oJute] GAHES 25 93
D2V w4 834t

(& 1) D2V cosine similarity

uolelg 4

Sent 1 Sent 2 similarity
olo]o7}l H=E olo]o.0] AR}
Folf7F & Folf+2l 414 0.8975
R I

gk HPAI Virus 4k o} 91 33 149

oo
1=
3 A e ANhE AL o]
th olF A= EF Fagt 2407 wid
D2V wdlo] W vlE Aal2|Ey} TF-IDFo| o

245 AF F=

e

(# 2) Y0l &2 A&

Al 742 HE 2§
2 & Count
A000015 3
A000018
A000020
A000014
A000227
A000061
A000046
A000068

o |w|lan|lun|s|lw o]~
R oW ww]|w

< 2> A 7 P F R 7 oAk
Mol sEehs Awe FE% Avoldk
A000015, A000018, A000020 2] A}=FLe A 7}

A el =T sE ek 919 A A%
ol e Aoz s Aupel ofF H2E

Hata, g el W Baksta g
Aepo] A7 WHRSE A4 WL Zee Bs

7+ Sie



150 =ujdjo]el=8x] A54 ARE

A3 A4 918 AGoE AFE e
o] obdl gJolz AT nlY MFE 4%
o}

31 A7 A%

3.1.1 3% %79 A4
HPAI= 20184 o]-?i N} | gFotrt. 1
L] Hoﬁv/] A—]}:._Q_
=% é" i % 6%4,*—4.011:}. Ezh HPALI Hlo] ]
s7kell HZE HPAI Hlo]# A7}
E3F gHaletA] ¢k7] oo Sankey

X]EL gleh.
E o] Lo A= HPAI vio|#] o] 7w &7}
o 714 o] H %t:z 2tzFo] HPAI HMM T

Uolste 198

3.12 Heolg #& A}

At vlu g sl Al 7HA] W E3 Sankey
diagram 235 A-g3sl7] Y3l F7|x= T4
U= Hro & Frhol] HE "iolHE Al 7HA]
W 2ol A8 Hokth 7h=EAdS 918l Ho &

S AR E L

(a2l 4) x|2F HlE4 Sankey diagram

<% 4> WA tol T Aol His
45 Sankey diagram© = A|Z}3}sE I o|t).
AbR SRR HH O & A000007 2pFo] 7Hak B
o WHEHT YW BB WEE 4230 of
2 A000006 =}=Fitt
A000054 z}eFo] Wro| BHFEIT) Sankey diagram
o] AFZEE A000007 22k} A000006 2FE
A000054 2ol HFel S sk FThe AL
% 4 gick

U O 2 Sankey diagramof] WEREA] 952 A
HE glstr] f18 Al 7HA RS A8
a7k k.

[e] o [e]
A e R

(# 3) €u2|5 HE

TF-IDF HHE H]&
Az | AE | s | gAs
1 A000054 0.25 A000054 1.00

A000007 0.17
A000006 0.15

2 A000007 0.44
3

4 A000049 0.51

5

6

A000006 0.23
A000049 0.14
A000069 0.08
A000029 0.07

A000029 0.43
A000069 0.02

A
3|
(%]
Y;
Mo
1
oX
f
_I\L
—
’TJ
5
s
g
ki
AL
i
)
ol

o

?E Zylolct. Sankey dia-

=719} A000054 222
DP% Aolth A000054 2}eko)
% AnEs 24 19 g 2he
t}. o] ATFZEE A000054 2FE THE A]HL
CAl g o 5 ek

m_lﬁ
>~

Jo
Do)
1
L
N
o3
Lo rlo

H}FEL H]% or71

Sankey dlagrama %?& A Zk3te] Aupe} Zho)
A000007 2}EFT} A000006 2}EfFo] HAY e7}ob
FH o] =9kt A000007 2k A000006 X}
o] ol HARE 7|Eo 7 7} A3t Dast



th ol% $ial D2V mele] sl Aol FHL
input® 2 dojFHc}

(E 4) D2V Mg

A000007
R o
A000059 0.99
A000225 0.77
A000016 0.76
A000068 0.74
A000053 0.73
A000061 0.70

A000006
AFNS | FAE
A000068 |  0.98
A000016 | 0.65
A000053 | 0.64
A000061 | 0.61

|| |w || —

<3 4>= D2V 29 o] &35} g 29
%Eﬂ— -‘r:‘r/\]—‘(‘)‘]- ﬁi.‘é’_ 7]7Z] ;(} = = 7‘?3_1]'

i
|

rLllo
_l
ﬂﬂ

| r_oi‘

OM FAFEZF 0.6 oQl AFE FES= =
Zolt}. Fo| Y& HEo| A000007 2}k
QE% HHo| A000006 =}eFo] Axlo|tt.
A000068 Z}2F, A000016 2}=F, A000053 <}
A000061  Zpe] A%, A000006 Ay}
A000007 x}eFo] A=l miE FARE 425 7}
A3l Qe <3F 4>of Q= RS WA w7l
A= HEsHA] AU Rt 7150 3 M
RASA T T2 A4 A000006 2}
A000007 2}eFy} ohd 7hsAdo] =2 x]—Eko]r,]—
ApeFah AL vpole & Huke] rhgAdo] gl

o2 p2v ndof o3 dE9 xE U
sy Wast ok
32 A% A4
321 A% ¥y A3}
Sankey diagram} TF-IDF ¢12]& 4 W&
S

LS

=
vl daEES S8 2 sk AR A
(e}

A ks wellof sich. ol 919 D2V
WL ALgato] Ak o)F ARE WA
ok A 57bol] S b0 £& Ao of
% 428 D2V o] Yol A7k HPAI v
Jela dute oiEE ARe 45T 4
D2V 2dls Fof HEE Aol Woe At
T HPAI Hlolg & S-S &
o]t

H| & HPAI Hio]z|2of ¥ F7hol 7H
3 z}=Fo] HPAI vlo|d| A 849 7}
& dolghe 7ol F7he Aol At 7F

PAI vlol2{&7F HEe w, Bio|2{ 22

SHibe =0l7] §18 A 4= 3l Aotk

T

(]

e
4
s
o
L

d
=

] o] Hol—

doh o o g

322 AA By 3t

Sankey diagram < ©|-8-stH WA s7ket A
TAdo] e A E3F ¢F 2= Qi) vloly AL}
Aol & Ao Wl Aelrithd HPAI
vpol2{ 0] Shibs o et 4= gle ZAlojth

(O 5 AEE dl=s A

N
I

<a¥ 5> A7)E spe] Qi Hro & 7t
o W Aol o) AT g0 & 71
BAZ 2] 15 AH =G dolH S Sankey di-
agram < 043 A|Zkaket Tolek. A9 5
At dlole|e) HolA ATt SRS
s vro & $7be WA ke Relsit.
A =7t} Aol b o XML
sgel Gl Aotk ooz ARFAA

mfj_



152 =ldjo]el=8x] A5A ARE

o) ARTA, A7IE S21AI9} o M) Al ger
SAlmolth. g A4l ol e st
Bl RS Fo) Aol AAEO] HPAL bho]

fils

3.3.1 KAHIS ©lo]El¢] A

2 Aol AH-E KAHIS HlojE]= Hel wfj&
of F3t AR7F AgE ARUE E235H9ct
S AR Ao s A AkEFo| obd
O & o= ARko] AAR §F Aol of
A & 4= gick dvFshd, 919 A9 HPAILC
FE F7F Yol A=A Ei= HA
A A 5 @] diEoltt.
%3t KAHIS do|Ee] 79 GPS Thg7|e]
olsf) A}k EYAFEE 44, welshr] w2l
GPS7} AA S 735 diolEl 9] &4 FA7F &
Aygict.

N

DA S W)

332 AT Ad
o Jest AFE $J8 Fast ARk o]t

o =7 A=Z7} x3E KAHIS HlolH
o GPS Tty] T E 2%
« A%l Hole wa)

SARERS SAREFTEA o 9l A=k
ZYAHE 27, FEsich GPS Th7]7} oo
szt GPS @7 & AME-3S wfe] T
_f_)__ u1-7]7} 7,1] /x]-EH o]Eg - ;‘(].31:94 7ﬂ 0]
g xfgFe] AW 7t £AE = Aok o]#H3h
4 Bashr| flsAl= GPS SU7E A
2 FEsAY AR A 2= GPS 7| S st
Shal 2-gsto] A YRS

Aok Aol o2t W
2 ATE T 5 9 Aotk

A&hA 5
Bo 5 o @

JARA!

o] =E-L 20I18UE HR(FUZAE)]
Ao HPAEE71887H A 9L wop
SaE Ay

1] sESAR G2 Agtzxafat 11718 1144
EFAEFAAL GSrRAREA H LA, 2018,
12, 7H: sEFAE IR EA3

2] oS, A, SRS & &, “CDR A=
o] 83t T ZEOIZ 2o} KA, 3ltd]
dlo|Eete] x| A4H AT pp. 13~22, 2019.

A A & )

2 ) £(Dae-Woo Choi)
-1986\d: A&t AiHEA
01-_1__]- (o]—/\]—)
-1988: A&k
(AAh

-1994¢1: Rutgers University
Statistics (BFAP)

1996 F~AAY: gh=ol=rojtfstal A ok
ROk llole] 24, Ahelo] Azl Held 5

o] ¥ ¥Yl(Won-Been Lee)
*2019: gh=f=rojtf st &
25k} (3hA))
20193~ gh=re] ol
St BASE (4AE)
ok HEjolE 1A,

seq2seq Ak #]2, ARelof 22

I s e



Hylelel S &-48 HPAI Virus 4} o

% f (Yu-Han Song)
-2018: gh=g&]=rojfsta 4=
ot} (SHAh

2018~ AY: Bh=e]toiny
st A (AARHY)
A EOE WAl Y, Zpdo]
Az, 98d 58

7 © &(Tae-Hun Kang)
*20199: k= &f=rojrfsta of
FolsH skt (3HAh
2020~ F A F=to]SFolry
ot A (HAREY)
ROk MAlE Y, XAL |H
2y 3-8

3t o] A|(Ye-Ji Han)

-20199: SheFdistn 31
sl (3FAH

2019G9~&AY:  Fh= o) =rolth
sl A (A Ak)
‘PHAlEok Bldloly A, A}

oo} Xz, BlAE mlo|y





