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® Denoising S ERI=H Ty A

Model Denoising autoencoder Staslliteodcgsggg‘mg
Input Layer 80 80
Hidden 64 64-32-64
QOutput Layer 80 80
Parameter 10,384 9,904
Noise Factor 0.25 0.25
Data Training Validation Training Validation
Accuracy 0.9321 0.9232 0.9287 09111
loss 0.4152 0.4230 0.5767 0.5868
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- Z4zbe] AlE-RTe (Classe] B2¥ w0 falo] wel JEzte] tiEW, JEEnt AL 27 hidden g2
ZEAA Hd, 13E FFolA I mlE 2010, AAZ-Fm) = §x4, A7FEmI) 29x15b, o]
oFmd) 107 x4, 23 A73e(mb)E 134602 FA3IL, o F A 4078 =g 72 E 32 oo

2 F/hety, vEde davs gAos FAT

- ol 2 gad g5 o ZEHo ste folo] ml202 AS-EE g ddmbeo] 2071 9=
g2 FAsle] zZhzte] FPie] R EREZE 4l Shio| sisdln, ZzZte] AF-mgs Bioldle] A28
AFY e =Zges &8 7

» A% ded =dE §FF v H2a FF A58

- AnoGan 2@ 2 34 dlo|EE AHg-ste] T52 et y, Latent Space(z)z A< 72 vebd. o
Al Latent Space(z)= Generator(G)E 8 A4 Hlolele §ERTE 2AsY 84S Wdsin, GE B
3”Q dle] Bl &= Discriminator(D)7} A A dlo]E gty #He =S shsst

2 oA 2o Gs} Dol gt EES 7NskA] %3 Latent Space(z)E WY AE & PA7|o]

. Latent Space= 74 dlelHe] SHAES A 217] vl A7 A4 volHE Adsty, A
]c’] B¢t Query Hlo|ElZ Bl & o] Residual LossE A4t 5 Query dlolBE 443 vlgde] =3
i 7HA ARAEES B8 A A B AwFs duelEd S 49 "Hed Zde] oiE dE=Z

q st ZRAAE A9 A WS AT Gaussian TEA 2 7|ek So|dadrE HAHSE S

o] ol FetuHE 27)o AAs o] HRF maA FHHo s FEF 5 e 4T FET7

2 ofy

I
ox B o2 oox g s
01}54 r_\ﬂ, n,?i‘. ]I.{}'

olf

- Lr(z )2 Residual Loss& #v|3t3, Gz)e AAHH deolHeo| x= Normal Imaged vJepd. MAH717F S8
3] BraE At Latent Space(E A ddolE e F§EFEX7 ZAE x7F Gol EoIsEe of xo] X &=
F-AF8E7] wiiZel Residual Loss&= 0el 7h7b- ghol &4

e Residual Loss 4F&2]
Lglz,) = E|x— Glz,)|

- FE7E AAE fgelge] g5 B2 wd Truedt Falsed] o2 AASEw, Discrimination LossE A4t
g, zol &3] AWAHEE dHelH7t A HAsA oBWEHEE & Lossg YER
- f{0E Query Hlelge] g& BxE ehd, f(GzIE AA4E dvolge & BxE e

s Discrimination Loss 4+&2]

2,) = 2| — £

- Loss Function Anomaly Score® ARE-3}31, o]/4dR] #ATe] r|EFoe= A&ty #8] Total Loss Al4keh
Residual Loss®] #}3} Discrimination Loss& 38F 4ke]™, Le(z)= Residual Loss, Lp(z)+= Discrimination
Loss = L]-E]-LH_—’L, P ‘i‘l—%]—‘]__i Z138 &l /H‘.:.g:]y]_ Nﬁoﬂ;ﬂ TE&3 7:1_,_‘|_o] 7].74 _gozfl H.‘:g Eo]b
0.1= {13361-0:] Total Loss= Anomaly Score= A3 HEem EolLE Query Hlo|lH7} 34 =& g7
dor FFEE A Zeo| #

» Total Loss
TotalLoss = (1—=A) « Lplz )+ A« Lylz,)

6) J. W. Bask, D. H. Shin, K. Chung, Craph Neural Network based Recommendation Model for Traffic Safety, The Intemational
Conference on Convergence Technology 2021, pp.275-274, 2021.

7) ARY, MeEs) ASE, YA, HEE, BERT B-CRU ds AE 2| Gaussian Z2M|2~ 718F Sto|iul2|o|e #M5h 2021 shelEl
I*ic*sz\ FEHEEwEINE, pp. 155 156 2021,
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B A= doleldA AHE AnoGANS o83 A ZA 7Nk o)X &2 299

v 0]4%] B2 pd g FAE

Step 1 Step 2 Step 3
Raw Data } AnoGAN-based learning
Collection | ‘ model training Our Model <- Input Query Image
Discriminator
Data Segmentation | i Normal Fake? I
Hamilton Algorithm| | Compute Anomaly Score
?

Gray Scale \ Sy l
Conversion . ‘ Derivation of Decision Boundary
Data Split | |Generator Generate/Fake |

| Image
Normal  Anomaly | Fixed Parameters of
Data Data \ Generator & Discriminator

- ECG dlolE] &= 2 A @A A do]el: Physionetoll Al Al FsHe MIT-BIH 234 ECG Hlo]EE &
A3k, AAzE doleld ZFgHo] Jv FAA A7 LS AAS7] s DEHY LS T =d 2o
U S HAT] HEER FAE7] 95 ATHEe)lAL dto] JHE Ho]E o] Rpear & 7|F02 §
of AZdHle]d g3

- HEE=E F4E dHolHe mde Adad gF 7] Y8 33209 RGB A9 AdL 2321Q0 o] A
o] a2 Hast T, 2D-Convolution Layer= AH§-817] wzof dHo]E= o|n]#] 2] o=z X735

- o]F= 2AZ g AHE AnoGAN 7| o)}z] &x =d HA, F4 ¥ AF dAdAE HAA7] A3 L
A Normal ImageZ A-838le] sh&S 3sla, BFZ 99 Anomaly Score?] ¥gE Ssl A4 4
AE dgs

-

= 48 AnoGAN 718t Sgd H§ 239 delg £ 9@ AA=

- Rdo] &8 )8 Physionete A Al Fshs MIT-BIH £ ECG H¢|¥Z A3, Boston's Beth Israel
Hospitaldll A 48 dlelele]x, 32-89419] @A 259, 23-894) o4 229elr & 47HE& fjde= +34
0E717F2] ECG dlole] 4871% F-gd7h

 Physionet MIT-BIHell A A-&-zte] 482 74 dHoly

Record Series No. of MIT-BIH Records

100, 101, 102, 103, 104, 105, 106, 107, 108,
100 109, 111,112, 113, 114, 115, 116, 117, 118,
119,121, 122, 123, 124

200, 201, 202, 203, 205, 207, 208, 209, 210,
200 212,213,214, 215, 217, 219, 220, 221, 222,
223, 228, 230, 231, 232, 233, 234

- 23702] Z1Z100 series) SIP A% UATAG0%) 40009 F Yelw ddzElon], 1pez 257
71800 serie)e JtH 0% FasA Bold F4L AW BAES THE
- 9 dolEE JAdE r1ses FHE A5 doleoln, 7se 2AdE THH WRE AAAE By

&) D. H. Shin, R. C. Park, K. Chung {2020} Decision Boundary-Based Anomaly Detection Model using Improved AnoGaAN From ECG
Data, |EEE Access, 8, 108664-108674.

a) J. W. Baek, 5. E. Ryu, B. K. Koo, S. S. Park, K. Chung, Risk Prediction using Correlation from Traffic Modality, The International
Conference on Convergence Technology 2020, pp.110-111, 2020,
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(ML V12191502 V2, V4, VE2E 7158 9% USIOE o] Fold &

- delEE 01-100Hz2) e} MEls 30He) AEY SmE @ FAR 1541 Szl 34 o
Tol ¥ ¥4 dolelolvl, JAE AR/AERE dolHe] Ans FHAY HAUL. FHE wlolE]
£ mho) 4 delER A4 8 Ad AT

o JH= doly HA A3

~\ —

ECG Data Preprocessing

|Filtering Signal Processing Elmage Processing
_________________ [estesteie et ek, I e =y
Input Raw ' Band-pass Filter (I R-peak : 1 Gray Scale :
ECG Data | > ; . Detection 1 | | LConversion | ,
| Low-pass | | HIGH-pass i i 1] i 1
I Filter Filter ! ECG Data 11 Resi |
i : " size 1
1 i Segmentation | , | '

- Raw ECG Datayx ¥ A@AE B3] A= 44 tolgelw, o delgE J= ASstA =4 54
A S o] FE o2 9l ECG Datag B3 &3 8ol o1¥7] W&l ECG Datacll ZF=Ho]
T EFAA BT ZES AAstE EHE FAHel a3k HHHS 98] Hamilton Algorithm(Low Pass
Filter(LPF) %! High Pass Filter(HPF)-& A}-8-%}

- LPF+ ECG Data®] A% #&dA Ao 3Hdo® A7 FE& AAsk7] A8l A, A3 Hol
2ggle] MBS A2 A7]7] 18] HPFE A-8%

- BHEE onA= BEHE F43%7] 93] R-peakd-& BXSta, 88X % R-peak HES 7|EL2 H/F
wet Pukel TH7b S48k, ol HIER 4et7] f8l, R-peak = 7|Fo® 03% 5} 04% 2 4
HelM MIHES 2WE

- EEE PAE doleE malels 2D-Convolution LayerE A-§3b] WRe] A& dolEE ofulAz
ghalz, WakE olulAT R, G, BR TA® 452 34408 749
- o Ade oluAe] Adst B mhe| AR FARA HW WEEE ZA8A Ho] Auel

A 7¥o] Z718kr] W&o GAAZES E0]7] 98] Gray Scale ConversionS E3F 22402 A2 =43

- REle] AHA7|(64 %649k olu|R o] H7]E 7] #3] resizeE stal, AAEE oA EHe| 5Tt
Ao ALE3E}L7] $8) Association for the Advancement of Medical Instrumentation(AAMD @ arel] 102, 104,
107 8l 2188l =F F4 g2 25 F2ol7] W&o A st dolHE A58 JYFH

- MIT-BIH dle]ge] 157) S22 AAMIY] Hare] wbd} 57 A= AF-431o], AAMI®] Heart Beat &4
2= Normal(N), Supraventricular(S), Ventricular(V), Fusion(F), Unknown(Q) &2 4% 57 delH=z
28 B 3F2 A, B4 dHelHTE Abgste mdol g FAFCE N Classg AHEsta, N
Class ©]9¥)2] E (S, V, F, Q Class)E AFdelg 2 A3

deolge] gulE ERE dlsts] & delEe] 54 F=sto] AlZsksty, 71E2] 1A o]y o] A4d
=485 98] PCA(Principal Components Analysis)& AH&3F A48 Y =4 P2 34 dAbo] TGO =
EAHe] &4 &) 2 -2F FEF dWPE-SNES Aggdozn 244 4 9 AZHEE e 1
AgA e R nAUAe] T #AE AR ’E}Oﬂ/ﬂ‘: E%]g %4 7les

- t-SNEE ¥ 71X 9] 8 dAZ AgHH, 3 94 A= FE2o A AANTY A= ok &

F WS AskAL, T HA Gl AR F1kel A ?ﬂzﬂoﬂ ﬂ]ﬁi FEEEE Aoste, A9 R #
g F HEEZAbele] Kullback-Leibler divergence (KL divergence)& A48l T2 M5 F3] g

Ha|y, oS, AoE, Wi, HHE, T2uE O/ BHRE
SHET|E|, pp. 21-22, 2021,



o MIT-BIH®] Heart Beat Class®} AAMIS] Heart Beat Class -4

MIT-BIH Heartbeat Class AAMI Heartbeat Class
Normal (N)
Left Bundle Branch Block (L) Normal (N)

Right Bundle Branch Block (R)

Atrial Premature (A)

Aberrated atrial Premature (a)
Nodal (junctional) Premature (J)
Supraventricular Premature (S)
Atrial Escape (e)

Nodal Escape (j)

Supraventricular(S)

Premature Ventricular Contraction (V)

Ventricular Escape (E) Ventricular(V)

Fusion of Ventricular and Normal (F) Fusion(F)
Paced (/)

Fusion of Paced and Normal (f) Unknown(Q)
unclassified (Q)

o t-SNE 7|5 A% 25 o848 HolH Az s
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- @2 Random noise, *+ Arrhythmia, B2 Normal2 el 32, Random noise HelEle}= E¥] Arrhythmia
9} Normal HlolH+= Zzh A4 BAdolets thE HpolAn e AT Holgolr] vidd 33
NANA THESFS, -SNEY] F3H < 2Y(global) F+&2 A Y(local) +2& EF AA8L & vEhd

- 7Y g2 AY F2E 2T A ST A2 TS EsA RS R oluE dlelEgle] &
Aol vt S R AR syl F3he £33} o] Foi S EHRlg

= /148 AnoGanZ1Wk o] & =d HA, FE 9 HAF @A

- A A &S A Ry ASdy RdE AHESteR oA BAe 7heskARE A Rokd A=
WHE 72 HAd dol R WS 7R g8 A dolelrt "5 Aol HolE] g3 o] g0
7] ool A =gy 2L fo]e Y Eyrgd BEEsivhe A ] S
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Discriminator(D)
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Normal ECG [
image 32 Conv1
64\ Conv2 .
1 I e E1
64 32 |
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16

Conv Layer Conv Layer

16| Trconv1 | |32| Trconv2 (5X5X64)(5X5X128)

Latent Noise Trconv Layer Trconvlilayer
Vector z (2X2X64) (5X5X1)
z=10

|
Generator(G)

- GAN 7|9} AnoGANS ALE-3te] A E T =8 42 Convolution Layer$} Transposed Convolution Layer®
A BAE ¢4 Reaky Reluz AME8lW DropoutE ol g38le] Al IS whAelz, 9= @
B4 HolElE o) galm ol 64 X BAT AGE thy EWRIoRRE HAs o4 BH U=
& B3 RANe wASE, oA BA BHIA HHS 7] AN FARAL WFAAR FEH A
) 3}

o oA ©A HEHAANM FE R HF 9A

Training Phase Test Phase : Fixed Parameter of Generator(G) and Discriminator(D)
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G 1
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Space(z) Residual
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- ZHGA A HEEE FAT A o|RAE AMEET, n S5 oln[A|S] #E YEl A, Generator(G)et
Discriminator(D)}& 8h5A| 712 A o|n|Ae] & X AE = 281 z& &3l
Latent Spaceol] A+E

- GAN®| 542 Gef DY A& g5¢ Fo= GEHRE Latent Space()E T3l o|n|=] BAT o= Fdd
719} A olu|e] B AHRE J}A= Latent Space(z)® E8] HZol| A3y, AE dAdM= G
¢} Do} snEE J4letA] e

- Query Image(x)7} FolAW o]k gA] 2
& B2 AP, H2¢ 28 WO of
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R
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- T A 24 gas Aelste, 3l HAR GolM AAE onA G2} Query Image(x)e] zelE Wlaldh=

Residual Toss(R Lossio|lx, F ®#HAl:= GEZ)7)F wi== o|n|#]7} DE == HelHe &5 37} True
= False® A 3k= Discriminator Loss(D Loss)7} 1<
- R Loss¢}t D Loss= EAlof] &S 7aldl % R Lossis 20154 @3 D Lossth WolA|= gato] waslr)
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Function: Loss Balance Function for Learning Stabilization.

Input: Train Data(x)
Output: G and D Loss
Train_Phase(x)
D « Discriminator_model
G « Generator_modela
for epoch(n)
N «— Random Noise
Real Image « Load data
Generated image «— G. predict(N)
X « Concatenate (Image, Generated image)
D.train(X)
D.trainable < False
for range (3):
G. train(N)
D.trainable = True
return D, G

s BEE 93] o)Akx] AF0E 5§ A AA 4E

- A FAW BRE AslAE s AL 7FEAT 239 R4 query VA E PEste] o|n| A2}
AA7E B A9 oA Y vwE palsle o)ix AzolE AT

- 7]1&9] AnoGAN B4 dae A4 AA7l FRHSR Aol st EAAC] J& 243 AAdA = A
94 ﬂfm%i 7};4—: S SAARQ HEFeA WEH F1HE Zzhe] S et F oY JEe 2 Ure

24 349 339 Je 2 AE T 35 02 AR Je 28 HE U2 2

il

A o4 ssols A AAT Ao, I8 B U A
Fsiel, 27 73741% 0% FRAoR AFsA MW $ANA AolHst Bgo R BRI

e o|}A AFoE o AAE FAEU 2F AA B
® Normal Anomaly
1600 Decision
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Tgu 800
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g A0 e A
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Number of Data

- e AHEHLe THe] malsle A AL o)A R A~FolrF 200901 A-e)u], 200 o] ALdE HAUE
T POl AT AEHE-L Zold, A AAV ZolAHA FAoE BrElE HrE HolAA Hqﬁ% 1 =
olAly] HAMo g ALlsfof &l dHolHE AR ATEle] AYEr) dojxr] uFd HHEA9 Ay

OJN

Fe AARAE BRE 99 A A 2002E Rojshs zlo] FUEs) Adge] M ke
8 FEEE Foled 7HE madA<l
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o A4 AAY W] BE AY=s AHE

ESSF-maesure -&-Precision =-=—-Recall
1 = =

0.8

0.6

0.4

F-maesure

0.2

B 2% ¥4 deely AzlE HE Yoo 7|8 Fd A BAW

- AA "g@RE 494 HY EAE HEcte HFE 69lAd rleoy, @EYE ol& AF ©¥A d3HES
1-stage Detectars} 2-stage Detector7} 312

- Object detection 24 F 3IU4E YdoE 194 HE7IE AMTh AACIUAE 5Y H7Y ZHEERE UF
T TRk A o] ﬂﬁ"} bounding boxE ZFohfi= FAHEE ARRFL ol 2 EAY FAHE e
bounding box2] MEE 33t A2 =2 Askgh 2l#8=e] whgl bounding boxs 2] JeldE 2 A
HEfLA HE= %‘_ﬂ boxT-2 @A AHE AT

- R-CNN(Region Based Convolutional Neural Networkle Yeolo®t ©h2 ¢4 HE7|E AR HAE7)s8)
localizationd] AR FAMHM ol= A7} 3ls FEIYHE e A EAFEY A= o] FoF

- R-CNN =22 Region proposale 3] FH H9% Hd3 7o d373EE 53 3ty o fA3«14
A, Azl AALY 8470 AMREE. o] EAHSANA F2H 0UAE AERA HolHY YHEHOE AR
HER 1vA gE7] 2de] v ER=r) o 94k 2 A H Ay ES HEAne] 8o
HHFFER o]F WHAF] R-CNNY Hd =49l Fast-R-CNN F2] Zgdo] t}joFstA 8¢

nHolE 3 T HHAe

- BDD100k Tracjubg ChallengeslA =" HeolE MEE ALES o= u]=e tokst AYsd A= &
GoF Aol 2R, #2] B AT E HolErE AR, F 109 Y YHLE 1B&INY Z7E 7k

- BF A7 =29 FAAA ©2x] EAE HF #F delH AEY nightime ¥4TE ARSI B4 5
o] oFF EEY AR Ex AFTE SR fe ARIE A AREE

A e WL ol % o|ux] XL
- BEAA 9AE H AAEE ouAzE 87E F A A4 29 HSVeE YObCr& o-E3te] HeEd &
o A 4 e|nA=Y A2 AT

- 93 WYY wF 4 AHE 717 HE o5 HSV 292 RGB 2dd Hl5] 48 EFR7b &5 54
= ol BEAE o8] HSV Bd& B &= 4 £F ¥ YOCre] @7ish 42 A& E4E
3 eRt==eMe FUAA TA H AHEE =Y

- YCore A BZom, F2 G4 Aladeld ASHH, YE W HE HOIT, Cbeh Cre A} AR,
FPO WY BPL FolM =HE Yo I3 YYD T YA, FLY BY gAZo = pag
= W HEe TSN YOG 29E FO 2 WA B 29o) 7bsw w3 HV 4% 242 B9
A 28 A8¢ AP T YCCre B3 09Y @4% 2igosM B3 250 S8 G902 ¥y

1) g, Mle, =4E, gdgE (2020) BF Hat BlHojE H2|E & volo I8t 2 2d HA SEE=E=25, 10(8), 40-456.
12) R, Zold, MEAE, @A, HE8, YOLOE s AH &4 Jei= Z|8t ofaf BE, 2021 SRR MSE87IEEE SHIEET A,
pp. 27-28, 2021.
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(a) Raw Data (b) HSV

- @ 9E HeHE 54 F30] oEy U FolHz AYA ¥e
- (¥ HSV A mdlm AR olAele, Bo H geste A9 g 3e 540 2 dehd
- (O HSVE B3 Hei® HolHolq YCbCr Ao wBE ooy

o e Wrioh Az HES B olmx] M2

“EZ A HelY 71 3 B

- ABF oluA Y A% YuHoT NEFLS ARE

sgsted S ol=1A) el AAE Ao
2 A8

- AR olMAelM fEFos YRES slPoEH BAY AAFY TS REHES S Rendom
Erasing 98¢ M35t 492 438 99 2o g oA Bsta, B2 A g3 s3I
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i
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ﬂ
ofy >

AW, 1S A YREe] stsAE Byl
£ AW AN oMAE A=+ Cropping B4

e 75 G4 Hd s8] Ae]E AT Yolo 71¥F 34 AA @Ry 25

Color Model Converting

: | ;
Extract i

RGB Convert By Convert | | Extract = Clrc[e value . No
value of [P RGB 10 HSV to circle | 2> thresho1d o

: HSV YCbCr
Pixel

,m—wm.m.mﬂg IYES-
~ Yolo based Deep

Load 5: : _Learning Model Random erasing
Traffic rmage i : -
R— S - S | Batch
“Detect traffic | 1| normalization || Leaky
light saurce Convelution Relu Remove object L_
ﬂ.-m_og ect Layer i :

- Yolo®] CSPDarknets3 2dle o= =
=t oluz} 22 EAvIA gAY

- CSPDarknet53 22 E3M AT
Algate] lossE 7HAAlZ]

- 9E 2% =2 G4 do]Efo]A RGB HAZE %12 # RGB A4F md2 HSV M4 mdlz HEg
HEE @E T2 o|u|AE TA] YChCr A4 md 2 HEgowy EAL 233t 2L d¥sHA =
2 3}™, YCbCr A4 2d-2 FE3 4 dHole oM dH AxE FE2Fo=H 49 IrEg 4HEsty

Rt} shepelE 47 BROIE Aol S Ui, 2 EAw
GEo] AAHOE AEFE PANT ATFY AP £F?
]

Ll
%}'I‘ (=]
o] 9} A BE gaas $Hs5l7, LeakyReLUE 843 4=

]
oA

AR A2 de=A] Fdste A2 I
A7 dARE FA B3t A ow|Ale IS FERIAM AR, o8 T2 HAAM AESH
H=3t B4 7R e #Y AAE Adstz Asst "gAF 54 A7t dAGe dAgE

Random Erasing 42 F3 A YoloE FHA71Z, 22 AAvld AT 5 2= CSPDarknetsd =2
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B TF-IDF 718 44 230|8 ¢|§-% A9A 4 2oz HA81)

d7ae o cleldsl el drht w¥s WgsieAdl Y@ FAe depuis duzeld, =
AP G FolHE ALOE ATE oelde TulE A gHA Bt ololde T FE B
= HlzUs B nAEN AEE s $EY

4 W dEel ade] RolllMs BAABTY ABFH, A e Ayste AP

met ARE HEE 4 gloy, 483 duYEe FHEs] 9 HeolH AEE EldELE T4

EWHANHE Tranzaction D%} Itemset

Transaction ID Itemset
1 A, B,C,D
2 B.C,E
3 A, B E
4 B,C,D,E
5 A B DE

- 19 Transaction IDE 7} z24e] miAle|lAd A, B, C, D9 Itemg Fufist 7Zo= BH
HolEE olEsle dAFIES AAL W, Agt= otel|dl & Fujst 2] Bete ©
izt A o] A

- LhsEe Left-hands-side® uehi™, Rhse Right-hands-side® uebhfiz, Lhs => Rhee 9Z 323 0EZ
2o dfo] UdaS YUEE

S
N‘H'

rlI[0 -
pass

o

A lm
)

=

&

—l—‘
=

o ARFH HolE

Lhs => Rhs Support Confidence Count
A=>B 3/5 3/3 3
B=>A 3/5 3/5 3
B=>C 3/5 3/5 3
C=>B 3/5 3/3 3

rL

TFA A ofolelzte]l FAL dolfr] & ALHE AR AA Z(aupport), AF =(confidence), T4+
(ift) & AREF

TAZ #AE ZF20M HAEE FEI7] A Agste ZE¥AZ 8E g2EE SEIFFA AFS
Berge] 3FAx #d AAdM gAE EME £AR AY mlelo A 2 BE=AEE
Agste golE FEote EAAMA S BAst, fF BEAR EdMAS HBoE HAE mojds

148 & 92

orr R PH rﬂ

o Bl2E mio|ld =H|¢lS] FEXFYF EEARE AIRLE TAT ERRL HolHet ddra HelH

Transaction ID Itemset Lhs = Rhs Support Confidence Count
1 accident, traffic, driver, accident => traffic 200791 9/791 20
drunk } | !
) 1 traffic == accident 20/791 6791 20
2 traffic, safety, decrease

I Toad eldarie driver driver=> accident 54791 42/791 54
3 g . ’ ! i |

. aoxident accident => driver 54/791 21791 54
4 police, crackdown, drunk, | !

driver
student, bus, inspect,
accident crackdown, drunk => accident 9/791 7/ 9

wn

accident => crackdown, drunk 9/791 3791 9

13) H J Kim, J W. Bask, K. Chung (2020) Optmizaton of Associative Knowledge Graph using TFIDF based Ranking Score, Applied
Science, 10{13), 4590-4910.
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— 18 R¥2d= accident, traffic, vehide, drunke 2% o}yl x5 accidents) 722 Dol7} SZFS
Wi, traffic &el7} T4s= 45 S T ﬂﬂr?r%% 1 A4

e 2EY H°[HE ol&3te] dfTe 44 2%

| ﬂ‘
08 & 15
S
=
5 0.6 E
k=
]
0.4 -
L 5
0.2 -
01 02 03 04 05 lit
Support
- 9B A2 o83 AN IATE YA S dod, ATz N2 BE Pk ARs A
QEB] TUT 22 ATHT, TAYU AE A FET & Y§ ABTAY ARE A4 IgTE
HHEA 9E 42 BAY TRY ARs AYE YR Sy, RAUL AR W AAE FEY
+ de
- 71REHe AAEE UEUH MEESE AFEEE U, S EE o] JE4E ZolRH ol diLd

A
A7t 2AALE n g
- TF-IDF(Term Frequency - Inverse Document Frequency)+ 7B € 2E nfoldod wojo] tfst 7}
FTAE AEls WHoH, 2ozt EMAN o=AHE F8EE JR=A] BHEr] il ARgE

e TF-IDF(Term Frequency - Inverse Document Frequency)
TF—-IDF(t, d, D) = tf(t, d)=idf(t, D)

- TF= term frequency 24 A9 EA T @ol WesF GelH, 3ty B &4 Bzt 2 ¥ 5
FHeRE YT TFY 2 54 @09 5% 57} Botd4 5 735 d4kde B4 59

- IDF(nverse Document frequency)= T8 EAd FFHo= F4ste dojd 945 HT 4= Ynz

-t B4 ol Z3g EA9 7i4E =31 DE S 2N A4S =i3d, DFE BAdA EF @of
of Hess 7] i t5 DE e

e DF(Document Frequency) 4H&2)

t(n)

= D)
- EgE AUSE olfiE A BHAN SHT Bolst ST BN BaFE Vol A WERol 23
e Besy] WRelm, £3A YEUE @i, ‘a’, ‘the’ Dol Ul AFAE 2HTS 9

s df gk AN

- 9] 7ol Be4E AA Adgte] woldct A4l i Bolo] dF AEAE BAST 5 I
EE 952 Ao 2 BHUAT e ABo2R 54 Bol/t SANA $25E dFFHes
el AR A mol: BAEE D7) $3 &Y A5go] lg® AP
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EAoA @ t8] =4 TR dAx 4004 & t7F Jeldes i=4E Y52 H3 3k DF#= F3t
of TF-IDF #& =23 2. BA MM EF S ©oje] Ri=47) 532, #A EANAE H73 9%
ZEHT A7) He® TF-IDF2] #kel =024 2. B EA4A 535k @ = 9T 71528 25
Fo 53 EAT 23 FLE7 =2 @ Z1EAE =4 3 FLT HE AEF
MBC(Munhwa Broadcasting Corporation)elA] AFstx = %?rﬁ AEF HolEeA L7008 ZEAIT &
o #E g2E HoHE T4 A9i2E HEs

T £44 ©o g5 TF-IDF 71Ex1% A4tst 235 stee = @A 24 fs @4 725
Sraksle] 712E7) o 202 JHileo 2 A wile] TPIDE Rank Tablel AAish

=D

o T4 AEY HolE oA TF-IDFE ©|&% @ 71=2x =3 g
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3 =} o Ly g m o
3 =< 3 = fu
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Traffic @7} @A £A] fis} TF-DF 7153 #As7t 352 7bd $A4 SARI, tmed 7154 H57h
oF log o= 715 WA S44. TF-IDF Rank Tabled] 4% wtom H ¢ ga7E ¢dL 44 =
AAGE AT, ABAIRE EF H2BoA FF2H T4 A 20% ©]he] TF-IDF Rank7} F-oi"
@1E S AP AU

ANTre = AP ET ThEFe] HolEelA FHuR ARE Hetdhr] 45 dut
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daEEe Sxof 5E

B

71EY dEEe =7 /‘Jﬁféﬂ Ale APfZAM FEE7F E2 @HEY RS ZEEA (N FEA
o ZEHHo] Al A& AZ37] S8 TF-ILF 715 4 23% 53] 2827 22 92
= AAT AH = ,\g,g?;}

A HA XY GAANME EHL 55 ZEAIT B BE a8 3ESH EY BEHL RAE AA]
e galste] Za ] H3 o ZHzolA BEad HolHE AR BHAEAE EF
ToE FEo EdAL % 78 7d 5

T HA 2AE vpolde o|&T 9RTY A ZHZE T EFAMNNA AAES JBEE F5H
frequent item header tables /43l IF|FE S LAY A2l& E3a 2T MY

AR @A A= TF-DFE ©l&3ty 3 H3 DA A 2T 929 48 23T =57t v
HNES FLoAMo] Erha Tkt AAstH EdAMEE AT/
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st fdEE A A ols Tl ojmA a2 HFe] I

o TF-IDF 7% $94] 23018 o] &% 4% 17z 2=s ===

Step 1. Data Collection and Preprocessing

Web :rawling
Morphological

Remove Analysis o
. . . 7 Unnecessary > Nouns“ = Transaction

News corpus

Step 2. Association Word Knowledge Graph Extraction using m%ning

@

Frequent

. Support Item Header owledge
Transaction P . ¥ Table | “ [ || KnGra;h
L onfidence Compose Knowledge
Association Association R
Analysis Rules

Step 3. Optimization of Associative Knowledge Graph using TF-IDF based Ranking Score

Extraction i Transaction Fraquant Item | | E | Knowledge
Nouns # Ranking = Resteuctizre 7 Header Table =—» —_— anh

Score Compose Knoulidae
Association Extraction
Rules
»2F BEY tolH 73 ® HME
- 23e 9@ Y WA TETETE Haii HEARWE of REER AL AT, 2T,

2% W7 5 dUE 7% 9@ Busel TgE e} o4
- 71 22 AL URL Faol G AU Rasiel Tl F3 Mool Gl dasel e =
71 228 URL 748 5o

s BB SOIUE Mol F49 hml U ST himl FYNA BLE HE A4 e

72z s BEe| w Hde] e
- html®] 714} 5129 3 aste 2 82 B2 Fot A3ty 2 FHHE w2 EF voHE 73
= g #HelAY bd_view_cont S BL 717 dv Bl Wy B F2F

- 73T 24 HelHoA A TR ZE A Al ZHAE @RI, 72 FHAS AE T2 A4

o, eI, Fa B BAL FAG 48 RLE THF

- FHE F¥2e %_quq HHEE %01 ] HEH Gakgl JJr 32 AW dAEle w4 FHAAM A
=

2 ZHAAA AAE 73

Data Collection Data Preprocessing

-~

Removal of Morphological
( Unnecessary data -: analysis v

1 8
; Generation !
1 Transactions I

—— i ———

- @AEE 2We wa A4 @R, FHTel, w2 20 H49 URL dolHE AAsE, A Avs
ST, v FAY AR YEOE PHH ZMAc|n, kA IWAM T2 U EAAHL 4

7~] 6(@ =

=8E AN = FE. &80
HaoM AAste, #2248 w2 4

B, 7 FAS GRAA t+c>1 e LSl EENES
- FEAENE i TEolN BARE £, 5HER 1»%

= A
9l thol2A 2lulr} = t&oﬁom gl HEHz Wad f= g o

14) Ministry of Land, Infrastructure and Transport. hitps:/ feaew.molit. go kr/.
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AF HAE HelEe olgdle] wel2 g 9Ue B mdddon WEd: A9g Susz 7 =dd
9] otk D g Boitled] 2 maA8e 23EY A9Y

o Ao olr HdHy FAe A ER44

Transaction ID Itemset

1 conflict, improve, initiate, discussion, view, open, common, relation, nation, attitude,
year, content, history, Olympic, recognition, attention, . ..
director, hold, game, stadium, gold medal, commemoration, north, south, attainment,

2 battle, victory, national, team, Laos, start, football, India, ...
B initiation, public, relations, related, content, effort, Tokyo, seeking, problem, missing,
reflection, reparation, court, analysis, case, health, . ..

4 director, hold, game, stadium, gold medal, commemoration, north, south, attainment,
battle, victory, national, team, Laos, music, performance, ...

5 health, studying, performance, Netherlands, ability, bl'uadcaﬁting, p,mwth, start,

deterioration, Jansons, orchestra, music, bus, traffic, .
é possible, gas, emphasis, attack, science, global, finance, effort, news, nrhwvumont

response, city, car, expressway, licence, store, guest, ...
7 price, game, economy, customer, soaring, record, reporter, dollar, help, marketing, store,
sales, USA, press, analysis, time, shopping, stress, ...

- Transection 1D7} 17 9 o, conflict, improve, initiate, discussion, view, open, common, relation, nation,
attitude, year, content®} 72 item®] transaction Yol EFES th= AL ou|six, kEL ZTI3i=
HolH AE2 FAFCE A1 T FEFATE AAT T T 73ETHoR B4 d90] AR,
W PEARY AL BPEE Tol7] P9, FR FBARY ASE Bl PHE AT

« olol g g o g% UWwte] |4 A= 23

-SR] AN 2L S ol ol8ole JRTH VS, duTAY AT JA== HENe
AZEEE APHL, TAG] AFT VLESE ojUT HoB B Bojzke oaz& jr%?%ﬂ]ﬂﬂ E
A BTUT 2dol EA%] Geel GBTH YnARL e TEH WEEEE ARHA @7 T
ol Zre] WAEZ XA Esh NHEE 71F0% HA4Y & YEE T

- AHE EBAES RO 9BFIH IRHZL g3 AaAATIE 006, VH=5} 01 olF w
B2 35 FolBE BHHT, HAAEG UHTE 0-19] 3k AlelolH BAY

_|‘Af

o HiEEHE BT H o=

Item Support Count
news 053370112 769
local 0.3163408 453
time 02688547 385
relation 02632682 377
communication 0.2108939 302

police 0.2094972 3

report 0.2067039 296
government 0.2067039 296
reporter 0.1927374 276
news, local 0.1857542 266
America 0.1780726 255
middle 0.1745810 250
Trump 01717877 246
occur 0.1710894 245
Seoul 0.1682961 241
traffic 0.1658888 240
pot-hole 0.1658763 238
bridge 0.1648232 234
express 0.1623455 223
congestion 0.1593023 208
fog 0.1364892 186
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T ]
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I
3
o
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A7 folEeA 228 HoleAE AAstT, dFHE

2 Y-S B HaAR RS A=Ed i HEy HE A
gole] dF A=EFE 245 A0l e &) AEE

= 5ﬂ HA el ‘newst B AAE 053?’@'112E TESkE B4 WA T80 BAEeS 2leE

- Apriori €A ]E 7] ?ﬂﬂ?r’iﬁﬁ FHH A=A =, A Count® FASIDL, Counts FHe] ARa® ol
=4 HaE LJrE}LH AR EE
Uz, A= %ﬁ?ri.% MAEFS ©@ol7) Lhsek Rhsel &7t T8Es 7o AasEs o
7 27] 9= 7<1 A=

- FaAAES JH s 45 713
%’i—]@fﬂé}ﬁ‘:ﬂb@ 4@%

—:Z“:

ﬂ rgé

s Apriori gae]F ZIHF AT TE duelE A5

Lhs => Rhs Support Confidence Count
local => news 0.18575 0.58719 266
news => local 0.18575 (0.34590 266
time == local 0.16829 0.62597 241
local == time 0.16829 0.53200 241
time => news 0.16689 0.62077 239
news => ime 0.16689 0.31079 239
relation == news 0.14315 0.54376 205
news == relation 0.14315 0.26658 205
seoul => news 0.12220 0.72614 175
news => seoul 0.12220 0.22756 175
police => news 0.11592 0.55333 166
news => police 0.11592 0.21586 166
communication => news 0.11522 0.54635 165
news => communication 0.11522 (0.21456 165
reporter => news 0.11451 0.58320 164
news => reporter 0.11451 0.49093 164
traffic => speed 0.11449 0.61239 160
speed => traffic 0.11449 0.41233 160
distance => time 0.11389 0.59234 159
time == distance 0.11389 0.31456 159
gas-station => explosion 0.10998 0.56133 155
explosion => gas-station 0.10998 0.32331 155
expressway => speed 0.10967 0.65333 152

speed => expressway 0.10967 0.45467 152

- A WA= Lhs?} locale]®, Rhezl news2 F3 o] ARG ES o 2= == 0.18575, 421 058719, &4
= 2660] Uellm, = ¥WF = Lhsrt newsel ™, Rhs7t local2 FEe] AAES o == == 0.18575, 4
=+ 034500, Blee 2060] WEbE. A WA A3 F WA 89 A= s 2 A HERARE Lhseth
Rhe7t HAHZZ] HZe A= =2 Hephg
- AFA/FEHE 7HEEE To] X2} Yol AF3EE YERE X =2 Y EAE 7|¥Ee 2 edges) vertexE /%VHE}
M, X = Y9 9rle & X7t 53T 1 2o Y7F vERE £ leAd o A8 S e a2
T e 22 T '] 9 JEsF g

ATE GRS o8 AATe] Ay JHEE I IHEZE F3 AN IHEE FES, =5

2} 2o &S vy, &As =] Bk S el e, ke 2 2 o] 78] AFAE S e

- I ZEAAM AEE FAY £ F 240071010, AR FE FolA obEr BAEE Wof 7he] AE E
dFEe] 2AES oulslr] g7l FEY = 2,400710)A]9 AR RAle] £= o HUE £ e B

7 izt o ool AFAAE A 317] HEe] Doy FEeE Q0 FAT BEEeg AAe] F

B, AMztEte] gk EEAle] Rolr|r] ME e A& HE AT A

o AT/FH AT 08T ATE A IAH=

15) FAH, Hell, FdE HAE SZHE 2|8 24T 24
YEINE|, pp. 73-74, 2021,

o

o228t dAZF DECHHES ¢HERT 2021 BRCIEHIHESHE EH %

(=)
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- TP-DPgE& H&3817] ) 1700712 2Eekd 74 del5e ghele] di$t 24 8o A8 (document term
matrixine A AEe] TExIDFE Ao Matrivg A4
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H=| TF-IDF7F Al4tE MatrixeA] @™ == FA 2| TF-IDFE ©3ly TF-IDFE °]&% «47F 79

e TF-IDF <3 22y A%

TF-IDF Rank Word TF-IDF Rank Score
1 traffic 35.206371
2 depression 31.395520
3 video 21.520154
4 police 21.021509
5 stress 19.089421
] accident 18.581047
7 injury 18.428506
8 organization 18.072522
9 bus 18.026231
10 photo 17.912217
11 expressway 17.878551

12 president 16.859654

13 psychotherapy 16.203685

- A48 TF-IDF 230 £Y8 7VNCE 3o 4y 2049 D5 Higes 97 2Pz Hasis, T2
HolHo)A FE% ©ol F 43 20%Y Bolrt BANA GroiE AP BolE AANE BAE APY

- AAF BHA 2R HHE ERYLL HRos APt FHL MM FEHoT Fa BT 4
AR ABTe] A4 YIS AHY

¢ TF-IDFE o] 4% d8A4 JH=9 AHz 34

Optimization Process of TF-IDF based Associative knowledge Graph

News Corpus Dataset

Removal of Removal of o Optimization Noun list via TF-IDF Rank
unnecessary data unnecessary data per Document
Acquisition of | | Acquisition of
______nouns i nouns
Weight of TF-IDF | | Weight of TF-IDF
per Document per Document
Total TF-IDF Score Rank Generation of Aasr:cj;tive Knowledge
TF-IDF based Ranking . Proposed Associated Knowledge Graph

- 3 ¥A BAZ TF-IDF Rank Tableg A4d217] Y& de]gE 55 2 AAF Ashsrz, TF-IDF 1A=
227 98] T ZHE delgHAA g F2%. A7y Fa EAA TF-IDF 715A7 2998 e
L FE39 ZE T BEAY Agdd Z ooy JFRE ek, 2 2y JEER I A
TF-IDF Rank Tableo] 4433

o sl

- F A gAE dgE2 AdEr] Y8 deld #AE 3 29 F o 2S04 URLF 22 EE
2% fo592 A3 FuiLEHE 3t e He]HE &3k, ©o] #°]8 7} TF-IDF Rank Table
9 2] EAF AT ST B9s AAY

- %M 2= TF-IDF Rank I3 7|4t Azl ERAHEL H4217] 3

s HIztd EQAE AY Fard

e
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Algorithm 1 Optimized Transaction Generation Algorithm

Input : News Stream Data — NewsData[k]
Qutput : Optimized Transaction — Optimized Transaction|l]
Step 1: TF-IDF Ranking Table Generation
RankTable « NULL /f TE-IDF RankTable
fori is number of NewsData[k] do
TF_Mouns — extractNoun(NewsData[i])
TF_Corpus « Corpus(TF_Nouns) // make TF_Nouns list to Corpus data
removelUnnecessaryData{TF_Corpus)
{{ Create DocumentTermMatrix from TF_Corpus to calculate TE-IDF Weight
TF_DTM « DocumentTermMatrix(TF_Corpus)
endfor
TF_DTM « WeightTFIDF(TF_DTM)
{ Add TF-IDF Weights per Column to sum up TF-1DF of single News Data
for i is number of column in TF_DTM do
RankTable[i] «— Sum(TF_DTM[i])
endfor
/f Sort RankTable by Score
RankTable «— Sort{RankTable, RankTable. TotalColumnScore)
Step 2: TF-1DF based Optimized Transaction Creation
for i is number of NewsData[k] do
Nouns|i] — extractNoun(NewsData[i]) /f extract words from a row of news data
forj is number of words extracted in Nouns|i] do
for k is number of words in top 20% of RankTable do
{{ remove word if it cannot be found in the top 20% RankTable
if {(Mouns|j] '= RankTable[k])
Remove(Nouns[j])
endfor
endfor
NewsCorpus «— Corpus(Nouns[i])
removelnnecessary Data{NewsCorpus)
Optimized Transaction[i] < Transaction(NewsCorpus)
endfor

return Optimized Transaction

- A4d ERYEE AlRtez dE JdEdASd FeE, ot ddmadA A daddA 4
A& FEaa delHd 23 #nE AL R FEE e A% 2o ask] Wl A A
B d@dFE & FE37] HH Pnnings A#skn, 443 dfga s ANke = dolg & AZEg

- ZH=E AA Aelg] dAlE ebd 5 e SR ek o z=e ok Jd=zs R

- I =9 edge AEAE ARTFAY Lift Fe ol E5T, T2 TS TH ARTE HHL A% vertens
ol FoEE ehle TF-DF 71348 ol4%
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o 99T s)ite] ol A48 Az

Frima. 1.63 TSiTLF

4,07

Stress 566 Urban 1.30 Dollar
31,40/ z 10.44
6.63 4 63 =

Analysis Press {rafiie
\5:12 2.6 . e

* TF-IDFE °|&% 3 A88 d37]4 Jd= Z3
President

Stress

MNation
Diet

Problem o
Urban Scale Organization .
World Economy Time United Mation
Seoul PatentialNeed
Prograss Middie Inclusion He: |thWHD
Relation
Presentation Pa”'C'Palli_%ﬂasa Re'mﬁgﬁg

Prime Minister - News Military

Minister Mental Communication
America

Last Mo%

Emphasis GovarnmeantR

Area portai Letharg
LocSica
Photo 3583

" Traffic Depression '
e IR . & '
7.542 B4

nd Repo i-Ejlrc:ur'|'|s’fz|r'||:1as Time, Local

nited Kingdom
aITl C Cc::respandem

1.6877

MNews, Time
+ Congestion Pt
~~Ja.___-=="London

- REAR BE e zHedd Ddee A7 FA 9% HuE 2Eer) f8 Bel 2R 29w
L wEQH 9 27 B2 druAd s omA e 2az od g Aaso)s2 87 e

&

B 34 fAx 71538 ol 48 o¥A 22z 28 HE SE g3 7|dt 2F B4 £/ =240

- ZEA(Sentiment Analysis)e €227} Yzsn ple 43 2 Axd o SAge mdsis] g
2E9| 244 HdE A4e 2 Ad E4e Held 24 FHEY SHREE o]|Fojd AEMNA FH
3, §2EE o]Foi7 fo|HES AAET A siE 2ozt X2 sl BHE AYEsld 2EY

- AEEAE Agabd Zd 24 W s A 1 24 e EAjsi, Adabd s)d AEEN 2
ZHEAYE FREsE YErdoe =y ool 4L EHT £ gnE AT Al A A okEle
dol7t EAEA @& A AHEE SA] oHT, Dol FF8 ©oje S4 A=z oet 24 Anrt

2EtA]7] g AEE FHALAL FEe] a7 E

- ZAAA F5E A5 maeEa HeEg o) 8% Axdhg PHe] DHEHe AF ARHT 5l A=
TEE AHEArE Reld Bdg B8 ggEy olF B3 wE f78 Urie L AuiEy, 249 T
BAHATE LabelE PoAT TN BEe 227 Fgity, 253 B9

183 M. J. Kim, J. 3. Kang, K. Chung (2020) Word-Embedding-Based Traffic Document Classification Model for Detecting Emerging Risks
Using Sentiment Similarity Weight, IEEE Access, 8, 1838833183984,
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- 4 AFHAAE Fdt BREE TextBlob, VADER(Valence Aware Dictionary and sEntiment Reasoner),
SentiWordVet Fo] ARgsle] FF

- A FEE HAE Hog 5 vAHS dHi 2 EEY gAEZ FAE 3 WH gAE "iE
Helg =3 2 3‘17'431 wAlold, AAeE AL dolHES F35tn BAHShY, ERAf dojEE AA
¥ EZE AYT F A4A dAlE 91§ dAE HelHERE IR B4R GAELE sy, A
Ze HelgE HHlAE 4% ST FH 2 245, 23 vy A A=E ouEkd 3, F
H, FHELE 2FshaL AREY

- 7EY AR WEEE sty A E Bl R EY SAFE FAAEhY, shs] ZAARE ] A4

= B Ed FiRA FEAEE BFE] A d A &3 aert S &E Af FRA

£ 2 53A Fste §A17T EAEE e S8 DA S gkt g AR Be{7t EX5E

= APdE FEAEAL AEY 7 s WEe] 2aF

B St

» AR TE EEAL

— Step 1. Text Data Collection & Preprocessing -
Collecticn Preprocessing Tokenization
@ Stopwords This is a pencil

® Numerical

® Special Charaters “This’, ‘is, ‘a’, "pencil’

L

— Step 2. Morphological & Sentiment Analysis —

Text Data

Tagging Subjectivity Palarity
& Traffic | Noun Positive &3 e
®  Crash / Verb Meutrality i e e
® Serious / Adjective Negative 1 +1

- A= dWE 2 B SAEks dol B WERE siobEle] dE 2] o E dfEtd, 4= geE dEes
= OloVe, Fasttext, Word2vec =91 AT, word2vecs AT A7 §F window TelA s E5o] P
7] wEd 2% Ay FAEINEE Z#sHA Zohs @3] ey GloVe(Global VectorsksE A 2
22 BAEE HEEL o5t Hn gles gy FERE FASAT dert BepEsF FAEE G
(Co-ocourrence ward) THER A8 Z7)3) Aot S7FEHe @3] 918

- Pasttext = ®|o]2F o] Alobgh Y=duE W, st dejols o2 g E0] EAss Aoz 713
Sted @l WEPE ngrame] FoE FATLEN Al EAEA ge @l MEHE Adstn, I
A o] W

- Wordivece 9= 9Hld R F FUHE 24 712 NNLM(Neural Netwaork Language Model)®] 4%
2 Adsted A 2deld, =g AAN EAske Ao EL R4 HFE AdThe 2E MY &
At 2o 1o AU E fFERE, BHE ZAR Y FHE E'ﬂ%‘iiﬁﬂ gele] HEE B 2H, &
o] Apele] dqbe] ZHEstr] WES gl 7H8 fARE AHlebe] ZEE

- Word2vecs CBOW(Continuous Bag Of Word P8 3 Skip—gram WS E F2 AMgg. CBOWE FHTYE
+ input2 2 ARRER] Fo|ARA BE FHTAE 'i*ﬂ ahE HE|H, S AlTte] BMETHE Abgel 31a
Skip-gram2 A B E inputeE Fle FE Ao EE o FFHs wgold, WEte] $ubg AL Aok
7] wE e e Algre] ="

- CBOW<l Af F4aey WEFE o5l ME & E442 CBOW WaEt $5314 W7t
H, Skip-grame P =58 =72 g YH 2SS Wi ge g5y 372 Zdehs T e
= uf o]k Alel7} EAFLE YvtELe® 3o Zade] B2 R E Skipgram WHE ARS T
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- §4E HolHd e AR F5o| 7HEslAR HLEE B8 HH FA=E AT o
=43z, toke g2 EAZEH 2E5H ddd Yo 23T 2% EAE F4
E 9 oA gAmE A5 HE UHe] e

- A FA=E FERRIE FAStY 24 Al gl PelE FHEAE Fogte] 25 FY0EhA AEH

== 3

« 2 SAE FEAE 14T oA Had BAE YT YT Y|P S BETA BF s

r Step 1. Data Preprocessing " Step 2. Keyword based Labeling 17 Step 4. Traffic Document Classification Model
& TF-IDF Matrix = using S5W

| Document Labeling |

Data Collection ' | TFADF | Word Similarity |
{Crawling)
l Traffic Related | Non-traffic Related | | Polarity }J

Morphological Analysis |

[T Step 3. Similarity Dictionary Construct | | Sentiment Similarity
I 1 Weight
SCyvord butacion | I | Waord2vec | | Dictionary Construct |
| . ‘, { I_ Sentiment Similarity Weight
TF-IDF Matrix W‘h " Word Similarity based Classification Model

- 2894 F9 ¥EY HOHE +AFT AHNE AUE T, TE-IOF AESAE 59 A=d2E A
318 A BRLE BOIE AMSFT BALEY B3E TEIFA TF-DF AFAE AAE 28 T
ABE F¥Y

- 24A F2H F8 ©oEL 57 EA4E pd¥sd 2E ##H ool 9} non-traffic Ho]HE BFE
Word2vecE 53 WeolE HEEHSIR FAISE A4St AldS AT

- 71$]=¢] TF-IDF2} Similarity, Polaritys 5% Sentiment Similarity Weight& =F3)ed, 7ZHEaALA T3m
A e TAER I B2 F4EE AYUT e BE2 tAFg2 24, Sentiment Similarity Weight&
ol &% £-5 BdE Aladd A&

« TP-DFE °4& Hols 43 R 4= 3%

- ZEBANA oA PAIE GAH] AN FALE dolEe] U I2FL FAL. TN ST
10614 AFSHE HelEE HA, AA, A9, TH, 2F F E0Ez £i5d TARGoEHN dae
qols £70%. i HolHels 47t AR DA A AH D, AR, B2, 93 29 249 B
8% FolE T $UT

- 2299 Ha 9aE dolsds Fezast 330 ohAT 2B BAD BT A5 B2
% TAY AHTAE thA BRY Bao] Y& BAJ BER BRYAEA BUIH7] Ao} TAY
AT E 2257, $21 JUSE MO 2 A TF BE BAUA] T binary FEEL IAY

- YT 24 oo E24sks OE FIH9=E FF}] I FHL EAGEE AE ZF ZAMnc ES

B2 At 5 2o weint® fdEE BEAL AL 24 B I L el BEo HEE

AAEE HolHAA T Fawd w Fa FY=E FEFI7] A9 TF—IDFCTerm Frequency -
Inverse Document Frequency) 7153 #|E8 A2 FAHF TF-IDFe @] = HEA Y=g ForH o
wotd EERE YEbs 719=9 7IEAlE =k Yriis FIHER =2 F8EE BO|EE T

- 9= 29 Bo] ALHE FALE BAIA WL 2AAHE G2 FANE Bo| BrFe] ] B2,
GrIA ] BATE ol B} BABAE S| olFY] FBO] AT ERAY BHRAL 9N A
AF gol TAH PE B BHAE FEF ALHT, $FT AATE 2EHT T FA

uhE AL AL 84N Oi§ 242ty TF-IDF 715R fEdx 5%

18) Traffic Broadsasting Metwork, https: fvew . tbn.or kr/ .
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e ZA)A WA ©eje] TF-DF 7153 fEg X

gyvung-  sool-chi-

sa-go wi-hum cha-ryang

NG, (accident) (;'::::ﬂ (d::::k} (risk)  (vehicle)
Doces 0 0.315 0 0.210 0
Docss 0.446 0.147 0.179 0.238 0
— 0 0526 0 0 0.364
Docy  0.741 0 0 0.512 0.770
Docye  0.678 0 0.199 0 0.541
Docies 0567 0.631 0 0.279 0.128

- 3 1A P& =0 D2 dgs eI, BE ¢ BoES] Ho HEE e,

- Docbdoll Al “sago™ (accident)2] TF-IDF Z}&2+= 0¢|3, Docl2Bel A= 0.741°]™, accident= Doch4ol A &
0 gl BRI T 7} EAvit By FaE7F t=7] "ol Docl28ol e o r|d BE Uee

- TF-ICF 7}&2 MEHAE FRYLEHN FAd &A% FL7|H=S F2A3a 33 £A40d4 54 7]
Yo FARE AEY

- 2AY 28 719= 35 59 2AY EYL 299 5 5% Bdo| g TAEL 12 %731, =
£3 Bdo) Qi EABE 022 Fo o7 FBYL WA 9o TERERAA ATHe ZTELES

AAPHS] WE F|HEE IR HHEAE EHT
- ?-Jr‘ﬂ 1.2 ‘open highway® , ‘traffic safety law revision® , ‘traffic accident® , ‘road congestion® =}
L2 25T FHEUE BA0H, HE 02 2E5H AFH BT EAER Y
# ﬂ%iﬂ- AdHy Bz BoEo] Lapel 12 ey ZAs pcationd 381, 2EI deHo] g
A EMEL FAA ¥ AR, 7IHE 716k B EE IE] gi2e] 24 FiE e ]k
obd, EA2 AFZ Y&ol 7|5kt Bt A&e A9 BF 7

il

o]

rr
e M

Ao 28 71H=s nE HEY 23

NO. Keyword Time Location Category Label
Gangdong-gu/NNP. co-rin-¢(children)/NNG, bo-ho(protection)/NNG,
| gwa-sok(overspeeding)/NNG, alarm/NNG, sin-ho(signal yNNG,
system/NNG, gang-hwa(enhance)/NNG, ppa-reu-da(fast)’VV...

0,

M

2020-01-15

21:56 Gangdong-gu Society |

Incheon /NNP, ji-yeok(area)/NNP, bal-sang{occurrence) NNG, o-to-ba-e 2020-01-31
2 (motorcycle) INNG, sa-go(accident)/NNG. jeung-ga(increase)/NNG, na-  ~ _i ;_.} ﬁ- Incheon Traffic 1
ta-na-da(appear)/VV, gyo-tong(traffic)/NNG, (je-han)limit/NNG... A

a-chim{moming)/NNG, do-ro(road)/NNG, ja-dong-cha(car)/NNG,

taxi/NNG, chung-dol(collision)/NNG, gyo-tong{accident)yNNG, un- 2020-02-19  Seobuk-gu. Cheonan-si

3 haend(driving)/NNG, unjeongja(driver)/NNG, juk-da(die)/VV, byeong- P ki _r Traffic |
won(hospital YNNG, tap-seung-ja(passenger)/NNG, sim- Vheat Chungaeongnenedo
gak(serious )/NNG, son-sang(damage)/NNG, e-dong(transter)/NNG...
audio/NNP, sa-yong-ja(user)/NNP, jeung-ga(increase)/NNG, hae-

4 woil overseas )/ NNG. audio-chack(audiobook )/NNP, hoi- 2020-01-01 ) IT Science 0
sa(company YNNG, ttwi-eo-deul-da(dive)/'VV, service/NNG, so- 10:31 o
ri{sound YNNG, da-vang-seong(diversity)/NNG...
do-ro(road)/NNP, gyo-tong(traffic)/NNG, kwon-han(authority YNNG, e o

5 dan-sok(regulation)/NNG, camera/NNG, seol-chi(installation)/ NNP, jae- "0“3_26 07 G;z‘:‘:’fti’t;‘“t;f;;:* Traffic
tam-saeck(research)/NNG, go-sok-do-ro(highway)/NNG... : i
truck/NNG, un-jeon{driving)/NNG, gyo-tong(traffic yNNG, bul-

6 bit(light ) NNG. yeon-swae(concatenation)yNNG, chung- 2019-12-24 Central Inland Traffic
dol{collision)/NNG, (Jung-bu nae-ryuk go-sok-do-ro)Central Inland 11:34 Expressway B
Expressway (NNP, sa-go(accident)/NNG. ..
fastfood/NNG, coffe/NNP, sang-jumistore)/NNP, ja-dong- 5020-01-01

7 cha(car)/NNG, ta-da(ride)/VV, chaek(book)/NNG, bil-li-da(borrow )/'VV, 1514 " Society 0
ban-nap{return)/NNG, convenient/NNG, sa-vong-ja{user)/NNP. .. o

ji-ha-chul{subway)/NNG, bal-saeng(operation)/NNG, jung-
8 dan(interruption )/ NNG, boramae/NNP, yeok(station)/NNG, ddu-
nam{departure)/NNG, won-in{cause)/NNG, mum-choo-da(stop)/VV...

2020-01-22

33:42 Boramae Station Traffic 1

20) Ministry of Land, Infrastructure and Transport of Korea, http:/fAaww. molit. go kr/.
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- & e FAEES Adstr] Hs] wordivee FlHteE £EFH FH =S dHEASR, AR BoE 59

AAE FHE] Ha] ZEDT B4 dolEE AEse. FlY =2 dHEE] A Wordlveces B3

2 AFE F5f @S 45

- A AR 75 dolE E8o] HaE a4 god, tesE Dolg daie HH 2E 2ATE A4
a5 Bz AA, FA, A8 T o8 Bopd BAY BAEL Aed

o wordZvec 7|5ke] fl=E oWy Z

R s
-1 s
goiE Folice ~ patral "’”’;ﬁ* ~
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glnver daramedics \ drucks N F /
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=0.9 garked
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amages -0 ,'neeﬂg grnveway it
‘D“ ding glamage geen datalitjes
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rash
i - gollision Fashing
rashes
—— :z ; 1 ¥ ire &
=132 s 2 v e
Set 3 draked
N = = 5 - T i
0.7 0.8 o9 L0 11 1.2 L3 14

- Setl, Set2, Set3& HvldoE FA % FNESol FHEY, &% damage, crash, vehides] g 2vlst
o, 2AT AU SE R4S weas 270 2o A9

- @] 38 FAEE @A A g5 FaA 249 FAES ol&sy, ZAR fFAEE d9H Ao
o A9 ASE B RASE 2] A2 AL TN 9982 AR e A by

- A FAES -19E DAY H5ge s, gol z_u S SR 1o 2RBEE vt w
HEe guiste, 19 2ABSE Aot SATE o)

- 24 SAEGH W N Bels) MBS vishe, S, Xt WS %28 @A fAES
- Wordtvecd ©1&% @] 18 AU HALE BoH The H4E £AE duiste, o= F @
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. =9l Sz 4

Yo WX
S(Wi, Xi) = — Lok=1 xl;;
\ E;::J (Wi x \‘"'I}-.:i'l:l (Xi )
s Worddvecs o] B3k oo Fha) Falel Faz da
go-sok-do-

Tn  un-jeon{driving) ja-dong-cha(car)

ro(highway)

un-

TI st tice) 0.876 truck  0.913 do-ro(read) 0.884 ..
i ja-dong- Ha

T2 Jor . 0.749 cha(automo 0.854 = 0.809 ...
haeng(run) bile) do{roadway)

o un-jeon- ” e ., un-jeon-ha-

13 Ja(driver) Bis B e da{drive) BBl

un-jeon-ha- hyu- -

do- ady 0688 < . 72 ; : 0

L i : da(drive) sik(resting)

" gyo- s ba- ey iy neu-ri- "

T3 tong(traffic) 0.632 kwi{wheel) 0.768 da(slow) 0.692 ...

- fun-jeon®  (drivingd®} 24l fARETE 7R 2 doje 0876 fAtE #E 7R “un-haeng®  (race)
£ Ueid, F dd= 0.7498] $AE e 718 “joo-haeng” (ung Uelde], FAIE AL FEde
29 FA A 2754 ge Fa7HES TS B s EET

- @o] tiA(mputationE 3, @6 dFdmputation)= 4] 24157 g AS d9E FAEE 7
goz dAste FHeE, FAY AR FFE 58 =8E AR 22 FAEE dgde # Tle] 33
3 B2 ge] EEHs wast cmert ST £ 2 TlolEz Sogx e FAHEY Tl ujHe

2 fFAEA g2 At E2A4F

- AR F oA $AEE AAE BoleY BAE 4. 49X IAZES YA P 35,7208 F o)
g T §A442 dasy] o) $ARE 014 TAYAEA Boid Tle) folv)d 4BBAS 2=
= By

-1

]

o A1 A g dold Tle] urez AT FE

Threshold 1.0 0.9 0.8 0.7 0.6 0.5 0.4
Value 1.0 0.875 03812 0794 0628 0211 0.193

- Threshcld= @04 Tz fr4le FAZE &7 Values Z GAF A B9 Tle] &udo=s 72
TT &< sz, Thresholdst 0531 AAA cut off H7] g2 d&E & 8] A= 05 9]
std o, dvjzEes dAsA genzn fdstd fi dAGS 052 dAE Dol A= I dAS
=8 wrelvl g FAE 7HA BolEs E&Se A 7hEE

n o]MF A7 g2 918 24 {AE A

- ¢HA #a= gxZ 2§ SSWlentiment Simflarity Weight)E F58}7] 28] KOSAC(Korean Sentiment
Anplysis Capus) AMEg. KOSACE 160004 A2l n-gram Hej2] He)l4&E FE2519 v olgfu]o]se] AF
sz, T4, Y, 2 A -1o1A +1 A4o]2] g2 B E 7lAE SAFE FAso 71FA g2 AF

- £44] Fa7H=e] B2 TF-IDF, Similarity, PdarityS o589 28 7154 g AAdstz, F4°
A5 = g5 g& Fil HFHe S5WE =2

_43_



o S5 2E ZEA
Document

i--“-----“---‘i TF-IDF ik 1
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] —————— | Wordavec  |---~f-------- .
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Rt Rt R | Sentiment Dldlnnary | e ——————

Word Sentiment

@ Stary v
»

Sentiment Similarity Weight

- Sentiment Dictionary®] PolanityE ©]8%F off @ojSe] AR EA351A fod 3= oS AT 4+
Fe T2AU FAA] B8t i FHEAANA Boie] BA oRol mE FARS SAHge 1Y
7 T A R AR
iz Aol A w@E P HFAES B2 @l polartyE vlE A stE dejzhe] 2ielE a4 HAF
A2 meetaA] giot 7tEA o FEE Fr] dEd 97k FAe AxnbERk g2 diAfstr] #E A8

- w ke FARTE B2 AS HRELE FAEit T #eEr] qEgd dAlsHe 2y S48 gl ¥
He, FA=7E 2 Afele dAse gl S FA 23HE 5 7] 2 @8 HAEE 2
HE vl X7} shedd

- BAZ 29T Sle WAL B84 S AF9 dold e 24 $AE S1ER AEse, @] woll o
gF WSSW(Word Sentiment Similarity Welght)& epdn, HdALAH A M Boje] &4 F5o o= 2L

- ZAel Fl9=st BAARA ok 2AT A TF-DFRE =4 #ee ARstw, A 9 geist
e A FA= Ade B 2eE dFstd Agstz, SARes AEe @2 FA= @S st
o Polarity's @e19] FH4E2 2nF

o Z+Zk2] thofEof it Sentiment Similarity Weight 413 2]

THIDF < Similarity X Polarity

W= { TFIDF % Polarity

s SSWE WSSWE %3] Sentiment Similarity Weight 412 2]

it
SSW= L 3 WESW
fhp=1

- SSWe BAAA F=&2d HAL B4 #8284 219 =ES JtEA] WESWE HE @l FE2d & weolg] A
& UE n2 @old g Yrisiy, 4 EAEnitt £2&25e F8 79=E9 At BEX] g2
TET #F2 ZFI] A3 vy, AT EEste 719E=S] WosWe] HE S Akste S5W(Sentiment
Similarity Weight)}E 743 SSW & -1 A +1717] 2] H &2 714

- & BAe 49 F|i=el ZA, wele] TFIDE, Word2vec 7|9k ciAshe] @ S, SAgh WSSW,
SSWE AT ZF whele] Ealo|A NNGE Yyl AL NNPE mH=HAL VWi BALE g
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e Doc 156 &4 elA Sentiment Similarity Weight =€ 4

Daoc 15
Keyword sa=go  juk-cum bam bi chung-dol
(accident) (dead) (night) (rain) (crashing)
Word Class NNG NNG NNP NNG NNG NNG
TF-IDF 0.883 0.705 0.687 0.591 0.584 0.582
Similarity X X X X X  crash 0.869
Polarity = =] 0 +0.5 =] il
WSSW —().883 —).705 0 0.026 —).584 —0.505
SSW —0.441
- “clung-dol” (crashing)?| | =+ Zd Ao EA48tA 228 FAE AR 713 FARS @S 71A=

“chung-dol-ha-da” (crash)Z th#|F. Sentiment Similerity Weight =& Z2AM2E #A Doc 158] SSW7t

-0.4412 444

Train Data Composition

n Y AR JHFAE o] 4F REEAH ER =Y
- u% olmA g3 BAFE A8 SVM Z[¥t EF7]d 24 fFAE 7HEXE A 8351 "ol SAHAEH
A QoM o] FREFE IBEe WA d¥Fs F= oA g3 #Ad FHEE AAsY EFF
- BF gdzt BA 29 J9s SAEE vosd 493 87 95 254 %, 2543 59 2F0d
3 WAE B0 Y& TEEASE FUHL, TAYY, U2ENVOE TR BANY fAEE 7
Ao TF-DF 75 wEgAd mE A fAIEE 53 H9ud
SR AIHSE JIRL SIS BN T 2NY AL M 9% BT 0TIE qEd] WEd 29T 0%
FEalgl 071 o]4ke] =AM FAIEE 7HA= £, HAE HojBald ojma gl23<¢] C0oE g s,
oMz #2237l ofd Cle IZEEE JF, mEdd 718+ 7&% 24 7te] HluE B =HEESH,
SVM 718t oldl %718 4 olnd d238 e BA o 29T
- BF 249 Bed A ZFEAES 38 /9S8 28T, 719sd B TF-DF, S, TH5%e
53 WSSWE AAatsty EF o3 B4 SSWE =€, 74' Mg 714= w=eg SSWE B3l SSW
MatrixE 531, MEZ 2= 2 BA9 7142 Hi=g) SSWE 53 +4 T
- SVMd| A&t EFF FHSH, SVM oI EF7= 54 EA4AM ond 23 E4 955 ddd
« 44 HAE 1ENE THT TA BF A4
Document Term Matrix %
traffic  vehicle accident SsSwW ;
Doct 1 0 3 -0.624 = i Co
Doc2 1 1 2 -0.793 .
D e S s 3 [ Support T ottt
Docs 0 0 0 T 0.132 Vector + Bad weather
Doch 4 0 1 Combined | .0.221 = -
DocT 2 1 5 ssw -0.B73 =R-"-.aC|1Ine
DocB 1 o 0 0.517 Non-emerging risk ¢,
2 1 1 -0.073

+ Traffic safety law
= Open highway

Classification

- 7 719 =d s TF-IDF, Similarity, Polarity® &l WSSWE Al4tslz Hoa-& Fale SSWE 4AtEsid,
Al4td SSWE DTMDocument Term Matrix)el 2%ele] <4 HolHE F4F

- SSWE 2 e FdElelt= SVM ol E5F71e ggA7n &5 2d dgfAgds SsWe ZHFEMN
nELE #AE BAE EFcle FEE FEEY of A g23F FAFD

21)

M. J. Kim, H. J. Kwon, J. 3. Kang, J.
Prevent Traffic Accidents, The 16th Asia
2021.

W. Baek, K. Chung, Extraction of Road
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User Data

Interface Interface
U, Predicted Context
T~ 1 |Current Future Traffic y {location, time) &
| |TrafficData _f .| | Traffic X[ ]
Acquisifion —
! d ” Base f Rowar Context Space
e ™ b, 4 - | Predictor | || Estimates Partition P
'- N e
T ' | Base .
g 1L

Predictors F ||

- HelE = AREAE dEE 20 deol§ EHA el 25 BAGLE =T, Cmtext Spaces| & -33
BEE B8l 4 AR HF AR ERE 2EF o E A, Tk A3 RS 5T 5 3
= 71&d

_d_é_



B AZ3E 2F BYgE 5§ LSTM 7| oF EJE 4 F2

- REARA ARG ATHE wE/AE dolHst wE 4% dold 4. wE/Ea folHE mre 73
oluf £27} oloiX e AHe vEd, REARA A BEEE HolHE SR SuW SoA %A
%8 70| o] FolA

2 54 AHE
- 54 AHle 25

Fab =2o] A7k thA gkl A7

949 Ao E QY AR 4 =7F B AHoE

U3 o)A Aide] flgle]l 7| wiZe] i HelHels A= 2 oA 2FH A& dFHCIHE

AALH B
7k T2 ol gol 4]

71 =

Holgol7] w&o olgt 2 Holy A2 gy Rds T3 d58 b 5
DR oA st A== At = dold AAUE WY

- HolE AAH= o] 4AFH Adsin, SAdURA WHe S BEHE A IW. oy 25 B

VA 2

B8 AREA 3

2% 2 Hd 28 += $8 EAg4dy 2d AAEYE 54 delHE vt

Aa LSIM& Z483ly aF = 95

o NEt d=

=

BAE &% LSTM 7|W 15 EFEE & 2242

Future Traffic Improvement Alerting Mobile System Based on LSTM

'
Data Collection

Data filtering and Correction of missing

\

) = .
| Data filtering Correction of missing
- | T T
i | Eliminate Abnormalities SpeneTEne LIS o,
Node/Link Traffic | Time Trend Utilization
2 Eat_a e _Da_ta_ __J Pre-process Data

Long Short-Term Memory models
(LSTM)

Traffic congestion prediction

» AF HolH F4o] nE o]4x R A /¥H 2F UH

- H= HelHd =

& ol A=
e, =

Z. =3 SErir

o o9} Aol WAH =

LINK_ID

W HEEEY 35S AT oA o] HA 92 HelH A5 £

E=Ruit) SEEES He| EASAT sEEFe Hodd By AUAA FAY 2 g
= WYL wf 54 ol FFE VAEE AA7L 227

- nF Ho|E 7} sEutth s = of x| g 624 EH = WA HelErt sHHA g A5
g8 HAAT =2 42 40 A gv 2] e 4t 3 4%

gl el A7, 8= W qER

TIME
t |t (2|30
L1 |55 |NA| 54 f80}57 | |60
L2 |24 [NA|NA |23 |22 | -~ |21 [:] Temporal Missing
13|45 |Naf 74§45 [NA] - ENAT -y
"""" L__) Abnormal value
L4 |33 [NA| 34 [NA{ 32 | - | 31 -—
L5 (65 [Nl 64 77168 |~ |70 | | i Spatial Missing
Ln | NA [NA| 42 | 40 ENA{ -~ INA

Traffic Data Matrix

- alFEHelH o) o)A B A wda BEAT] f8l, oA AA AARE H&siaL, o dA A

22) D. H. Shin, K Chung, R. C. Park (2020) Prediction of Traffic Congestion Based on LSTM Through Correction of Missing Temporal
and Spatial Data, IEEE Access, 8, 150784-150726.
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wAe) Wie 9 ANEA, FUR, AAYE, el 24 5 G4H vole AAF PP A 2
29 545 @% Hole 54 med A FRE ALSAY BEAA oo med 2T2 7 A
- oA AAE ) AN B @ FREA FH8 AolE FIRE Agstel WP E A} &

o PEL BASE 29 A WA PHE A8 BAY FEL AAE Bt ARG

o o)A AA darelE

Algorithm 1 Outlier Removal Algorithm
Input: [x;. X5, .... X]

def Derection of Outlier
MED <« Median([x), xa, ..., xa])

Jorxiinx;, xa....,. o
do x| = |x; -median|
MAD — an{\] AR )|
Jor x| in [x], :': \”1
Hb—l‘hh,—me car )
if =7 > threshold

then outlier_set +— [outlier_set, x;]

Output:[x;. xa, ..., X5] - outlier set

o« F9 AN WA 1 &T N AA BA

{:} Abnormal value . Corrected Value
TIME TIME
tj el |t t tn
L1 | 55 | NA 54i 80 (157 | = | 8O L1 | 55 60
L2 |24 [NA|NA 357 22 | | 21 L2 | 24 21
3 L3 | 45 NA!. 74 (145 [ NA | - | NA |::> 3, L3 | 45 NA
Z | L4 |33 NA[34 [NA| 32| |31 Z | L4 33 31
~ s [es NA 64! 77 (168 | - | 70 - L5 | 85 70
k
Ln [ NA [ NA | 42 | 40 [ NA | | NA Ln | 43 | NA | 42 | 40 [ NA | = | NA
Traffic Data Matrix Abnormal Value Corrected Matrix

- 2S BAAAL ZEY A o) oA E BrEe] AA A voEE duEEE i RAse
HARow, AF dHoE BF WIS TF HHo| FAF 739 HolHE odal= FHFA TLEHET
7 dolHE Sl ¥4 @<L Wés}b AZE FA ZEH, A As ol&Ho] slE

- Z4Zbo] W e Fhak A7ke] BAL thEA) S dHolEd Arle 2232 AdrRgAor B3 WA
FFA 2EHe 1F Hdo] fAR T3 F FRFY 1FY 55S IdE FFY uEY 55
Aol nFATE AS AAE 2SS HAF

e B2 A BN LB BS uA I

Algorithm 2 Spatial Data Correction Algorithm
Input: X, (Adjoining Northbound Link) X}, (Target Link)

X¢ (Adjoining Southbound Link)
def Spatial Data Correction
if Xy = Exist && Xy, = None && X = Exist
then X, = (X, + X)2
else if X, = None && X, = None && X, = Exist

then X;, = X,
else if X, = Exist && Xy = None &8 X = None
then Xy = X,

Qutput: Xy,(Target Link)
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o 37 FA 28NS 289 22 24 34

P Spatlal Missing . Corrected Value
TIME TIME
t | t1 |2 |t |||t t
L1 |55 |NA | 54 ENA {57 | = | B0 L1 |55
L2 | 24 |NA | 24 |23 | 22 | -~ | 21 L2 | 24
o B o
=|| L3 | 45 |[NA ENA |45 ENA | = [NA =, | L3 |45
v I S PP |::> v
Z | L4 |33 [NA|34ENA}32 |~ |31 Z|L4 |33
= =]
L5 | 85 |NA | 64 ENA {68 | = | 70 L5 | 65
Ln | 43 [NA | 42 | 40 ENA | - [ NA Ln | 43
Traffic Data Matrix Spatial Missing-Value Corrected Matrix

B2k FA BEYL A48 P olde] Ao XL 4g Ad P27 EAFA @l 24 Bt of
Wk HeR AZE A BEN A A7 A BEEL ASe] A E delHel A od A
Aoz e ARE Bddle] rHE AANAY ARE 34

A7t A 28¥= B8 A5 A 3

[:] Temporal Missing . Corrected Value
TIME TIME
tH|g|B|8| | t [t |2 |13 |t |t
L1|55 |NA|54 |53 57|~ |60 L1 | 55 54 | 53 | 57 | = | 60
L2 |24 |NA|24 [23 |22 | = | 21 L2 | 24 24| 28;| 22/ = | 24
5 L3 | 45 |NA | 46 |45 |45 | = | 46 E:\E' L3 | 45 46 | 45 [ 45 | - | 46
Z | L4 |33 (NA[34 |33 (32| |31 /S Z (14|33 34|33 (32~ |31
- L5 |65 |NA|64 |66 (68|~ | 70 ~ s [es 64 |66 (68 | = | 70
Ln | 43 |NA | 42 | 40 | 40 | - |42 Ln | 43 42 |40 | 40 | - | 42
Traffic Data Matrix Temporal Missing-Value Corrected Matrix

- Pt @A) 7] to] Fet vlole) F#AA, AkE 7171 t-ke] A7 dolE], ne B 0% vlelele AR F
N%E F8Y

AT FA BHEHE IR 2F dole] ASE AR AYAAT AT FA FENUL o 8T A9z
AZE AHo] A%HY A% A7 AZo] Akon AAse FolHy Hio] A

AT A 28 B

ApayFApa+i:+ Ay
n

AZE FA BENE AET F S AT AEAR ol§UL G AE AS WL ABY HE L
29 HéR R Po| A2 RN FUY ARE ol§3je] AZe] Yok Ry dolHE T
F e

HeolHe] 44 Arks B7] HelHel a9e Aelsn LYW FU SAL AR The 559, da
U, E99, 999, BUE-B), 299 7H] FHOR FEE 44

#E Eolele) AYFIE SRoln W) AR BA FA Sxol AFAE WY F& Qg
gelol= A
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e [STM 714t 1%

Input Gate

5 &= 9=
HolHE 5% &

LSTM

AZo® A3 Ad b

O . Pattern data collapse

g

o]

ot
i

TIME

3 AAIQD 7]9re] Hld ==(LSTM, Long-Term Memory)S AM&38te] el FAdala,

[F

%5 Holy

T S Z2A2

= HolHe 2&RA IS il 1Ay A dHolHE A&
74 & 49 deolH< 1083

Swo 58 &% W, A &%, AH 4R

+88

R &% HolHE A

@@

Output Gate

LSTM#1

LSTM#3 }

|
®

L

I J
I 1 /l ]
. _ >,

Feedback

ft Forget Gate

SO ——

[

Time t —|P|+ 2

- LSTM A9 Fz2&

vxg As Aoz FAED Ry A=

o A= ARE Astr] 93] ALE

e LSTM®] w2tv g

Hyper parameter Walue
Learning rate 0001
Drropout 0,005
Batch size 10300
Optimization RMSprop
Epoch 500
- AGES S AARS] Ao uehlt EUFLEE B3 @ Wl gol o5
U ge AS olFsn £4Be AoE Hastets U Wike AU
AelE olBatY Sl LT BE Aglo] o] EgHolx| 23
- Dropout g5 A A7l= AA%S =] f8] AHEEH, S5 dHlolgdd A=
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deolEz H2EE IAdE o drt Axe F47 @42 Jdutirl o FoiAA ot 2def 540l F

=2 o AHEE

- Batch sizex= Z#Huo|® 5 ¥4 =dd dAFE de|vloln, optimization S+ 7IFEAE dHolE
e €z E|E2 frg dee] AAavle] =& hidden neuronz} layere] <=, epoch< loss function 4=

A2 dEste 4y TS #=F

» 2R Y Fd ATHEE A% 2R AL

- Convolution Nenral Network(CNN)el4+] ZE =
Convolution A2 o=z FA- #le] A4,
o Z7] 48 BAE =%

AL o8 ol BE fmeZos ted BHg
CNNS| FaE 4% 2o+ HY 2718 A282 st

- LeNets, GoogleNet, ResNet, DenseNet 5 thoFg CNN gy 2d o] spAE|goH, o|nzr] B R €535
Aes HeolH, o] & AlexNet= ImageNet A # A2l LSVRC(mageNet Lange Scale Visual Recognition

Challenge)e| 4] 8Al&2o = FTAH T2z 292

7|23, CNN&| S-4=o] BlZ==i)

- =8 REr[eAE AR D FYEIEN) $Fe=2 J2e A m HE 95 A2Ed FEAR

S EFHEAE B3 oH5E ASE 7|He=E
ArE nEZ 74 2T, A EA 5=
0% o448 A8=8 24

o 6TB =9 UrlolE& ol §otel T Axdg A2
2009 7H9 %9 WEE ABHT, FHT Arde o

- 2] Neighbor System H4le] 4224 4 AALHME 7|H ge|BAY My FHe] Zgled HA]7t
W2 A AFsheE e 2% Azt REE AT Az Aade=mR Aga HAAE, AR E
2l 4 =58 AFE BEUHE AvlLE AZTE

o dEEA 9 AAAQE Fe o] =A o Au]s

Patient Information Input

Monitoring Device

[
. clinical decision W
TN oca| | oo S

Analysis System

uppor system DB

extraction
extractio "
"

— patient record

- 2k, A% 7HE, 25 T Y 8 7lwel s

WHAN Sensor —_— |

pre-processing

Jala Analysis Engin
chrcal mlormation Data alyst - ging

Analysis Result Output

0

b Aee AeR ANFRE 2 o Beld

<
IF A2 24 % oJ% BAE TR T T AVAE AT A% V5L 484 AL, 48, F
% 52 34 9 7138 ooy 428 2UHYsT, YEEE BAL B A9 A4 A39%

UA ohdA & B, ol Tk Hul2E

AT & U= 3

- 718 7leE AR FAZL AA"E CCTVE B8 A4t HleolF, fRIAY gzt o AuLE A
3, PR e R 3 Ve AR Ha“@f*] ﬁ‘_dﬂfﬂ' be= A8 71#E AAAE F55Z, AHEARE

A7 old & 7|HE dgste 2 4

23) ImageMet Large Scale Visual Recognition Challenge (ILSVRC),

@ = &

htips:/fimage-net.org/challenges/LSVRC .
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B = 952 9§ LFA-CRNN 719t 53 &L o] &3 A=} ehQl 44

1% AAES ¢std AATHEA A4y, g 59 T 1Y dasiy, ¥ AR FHAF @A
& AAAHR asAr g A7 AY ) 2 AFe dFEte] 23 Al B A7 e ”‘Jé%fﬂ 2
A dglo] Hagt 318 2AAEC] 24 T FHAEEo= s AZGET <tEE A 2ANREE 59
ARG e A" 5 A E

nEAH EHEe) A AR AANTE oA g 5AE FFsr] 98] Line-segment feature analysis
23| EF A3 7|HE o|w]A] A adHe]d 7|Hke] Ao gEE ANE = e 2ES T 9
g+ CRNN A

SAA AR A7 AAL detection process, dimensionality reduction process, learn process®= T2,
g ZEA oA FHALe A AL SEl e Adelr] 99 AAGeE Z ) FEAEHLE I

FHEe] AFsA AXHA &2 EAE f2F

A doe 54 FE2 fsl AATF 2EF GAdA AdstE ZH e dee dF on A T
AdaboostE 7|Hte =2 1= g o|m|Ae EE3) A3

dimensionality reduction process A ]2\1‘— f-&e] 9E oy Hg 2 Fs|asd mE Hydss =7}
= Zo|7] fj&] vy A(gd)S TaAA St B FE ATRE FAad 5 9lE Line-Feature
Analysis(LFA) @712 22 o) gl 98 dlolEle] AuEHA 5 3242

S ZEAxcA LFA dolHE 858 4 9 248 (RN 3de Fo) a0 mge A4 £3
Ape] o el & Hetelr] 9s] UNBC-McMaster tle]Eullo] =g 7|WEe 2 dlo, §-72e] Adejrt 125 2
-3 5 AEAE ddets T4 F EAE ¢ e 2 gA3d 4 97 dHE fY T EdEE F

a fEd" A 7he

o SAR FA QA 7uF A plam 2E EZA A

Real-Time Driver

; LFA-Learn Process
Face Information (Input)

(c)

Process of Facial Recognition

Detection Process of LFA (LS-Feature Extraction)

Facial Detection of Image

I"J!l 8 &

(b)

16X16 conv, 64
BN

RelU
Reshape (64, 256)

Edge Detection

Bidirectiona@@iRU, Node: 64

Small camera in car

Dimensional Reduction Process

Division of Image (Ls-Map 16 pieces)

S

.... : Line segment 2
[ =13

‘ Lnesegrrmlls

Lnesegmrmﬁ ;
Unique Number matching with LS—Features © Output

n A2 P23 FEE 7 AATN 2EY F4 vy AAT AA

- 71E HeEd mddA A2 JHY A2 AACIFASE B3] wEel, LA 1H L o= 4
HE 245171 912 34 2909 & 2, 9 59 9980 AW AAFA W A 2

- A ZEAs RES B A9 F4 B HH FU] 99 AAE A9 WY 4NN 2Edo=
AFHE 98 HolHE 24317 A 49 942 8 frame/s® B33, 4 FFo) Lo 9F o)y
Aol 54 PR Dy B8 P02 FEaa AL Py

24) C. M. Kim, E. J. Hong, K. Chung, R. C. Park (2020) Driver Facial Expression Analysis Using LFA-CRNN-Based Feature Extraction
for Health—Risk Decisions, Applied Sciences, 10(8), 2956-2976.
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FR= Aoysie g

- iteration roundrit} EAHe|HE casse] A BERsle deo AY B2 o sty EAE Mgy, 3
= itaration rounde]A 2] weak classifier 5l % §}5i2
- & TAE weak classifierZ weighted linear combination &} &= strong classifiers 4& §& 2. O]
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¢ ojH 2 EolH 229 7sistdel dEE FE39 %%"g 2B A AslE Aok 7

o HE Adaboost 719t 22 54 9449 FAE A

Input » Face area detection Feature classification » Output
: - : Fealure
Po mage: =)
i e m _{ ESIRNGD .
(non-pain, pain(0~8) | Face area identification using multi-block Sninclice: .
Training data . b 4
J pain sample =l Sample weight
non-pein sample (Intensity of pain: 0~8 ) A update
Weak classifier
A l LEN]
— e : = flaz) =
F ' - image scanning using multi-block Strong classifier
\ - facial identification B () =age (X} + -+ age, (X1=5T 0.0, (x)
W

- 229 Id AEd et 2R 5 dlon, defe] dateA alde] ot AR glod 4= HM A
of olfTt A ARE AEFH

- g2 AAre 79T s s o838l BEE AdaboostE FE| FEE HAE7E ZEERla Z3sE A
2718 AEEle 229 HA, 27), ATy HRE Yok 5 A=

- BHE Adaboost Fgo] AME st HEE 7239 Fely Hds | E38155™, Adaboost gl =
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AR HA)E A e @ FE22 A7E AT £ 9% dimensionality reduction process ¥
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al7] §lsl WEE A8, {1, 2, 4, 812 942E 7 I e

Algorithm 1 Image Division Algorithm

Input: [xy, X2, ..., Xn]
def Division and Max-pooling of image
Y = List()
for x; in [Xq, X3, ... , Xn] do
sub = List()

for w from 0 to Dy do // Dy, Dy, denote the size of the image to be divided.

for h from 0 to Dy, do

// fw, fh denote the size of the filter.
sub.append(x;[w+fw: (w + 1)sfw, hxfh: (h + 1)+th])

Y.append(sub)

Y = Max-pooling(Y, stride = (2,2), padding = ‘same’)

Outpul: YIY], Yg, vee g Yn]

[o]

.1_

Aze] de-2-34 Helge Ed 9 A
(a) Division of Image (LFA data 16 pieces)

r-1n:

Edging image with
at 160 by 160

16 pieces divide edge data
pieces are 40 by 40

- LPAe] HHA Ao g oz, dxe 3d(detection process par) ©. =2 4k
oz B3}

- BehE 27H2 40 X 40 27]|E o|Folxn, YE o|n|=]g] :,ug,o]
(he] Aite T8l Max-pooling 29 F- =452 WA E

o] arle #a, o

ol A& (a)9} 2ol 1627

- °|mAE
e Max-pooling 3 ¥ z7tee] wlz =3 2

Dy, Dy = 4,4,Py = -, Py = £-P[n, m]
(0<n<4,0<m<4)MP

(b) Max—pooling & reshape

Directional retained data

= convert to 1D vector
data of 16 piece

1

 EAndrarnmdis -
[
f

* pieces data is 15 by 15 and, executes
multiplication of f filter

=
=

=x[n#Py:(n+1)%Py,m=Pj: (m+1)*Py,
[n, m| = max — pooling(P[n, m|),

- AR HAFAAM EE EFHH oF|AE 16 FESS “Max-pooh'ng” e Fisle 94 fHe=
Dw, Dh+ 712 2 AlZ e s 5 AsE ov|shd, Pw, Phe #+34d olr|Ae] =271E Dw, Dh&E &
& A L3 Hele e ar]E o

- P& 889 tHeolHEE 7198 F<tolH, PhamlE Fd && 9x& FA% n, me 23k vjde] qld
2 oJul&ly], 0~49] Alo] #& 7t MPE BE dolHe] g “Max-pooling” 3§49 AfE 743k =
E #HoA s 2HES ovAEY w47t BAHA Fng s, AujAE 245 A &£417) 5aH
A EEE g
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AgHEelA {1, 2, 4, 8E AMEL el HRA gow, $kE ol AR OE & =22 LFA €183
= AdHU AR HelHZ mAsr] A TaHEE e 2X2 THE AE
LS-Map2 0 == 121 o8, TRWss o]Roizl dH7} IS-Mapel s = A% 2 waH &7 19 49
2 B3ste] BAL LFHEE FAste offE AlZ HOHE o R BEE AR HEE YHY £ HA
2 Br787] SgeE J4H, 7%, £F F U AESE JA ] 44 d¥e oA FEE WEE, o
© Al HeHEZ dde A (s d4om HaE
o[mA]Z 1xH HH He|HE Haske ¢S
Algorithm 2 1D Vector Conversion Algorithm
l“PUI: le = [Fl: Pas--- rplﬁ]f Xy = [Pl; P2r-:- s plh]J oo p Xp = Iplr P2r-ee s Plh]]
def Convert image to a 1D vector
Label =[1, 2, 8, 4]
Y = Lisk()
for x; in [y, X3, ..., Xy] do
// Subl is a list to save the result of a piece of the image.
subl = List ()
for p; in x; do
/{ Sub2 is a list to save the result of the image of the matched piece
// with label data.
sub2 = List ()
for w from () to W-f, +1 do
for h from 0 to H-f,+1 do
p = pilw:w + fiy, hth + f]
p = p.reshape(-1) + Label
sub2.append(sum(p))
subl.append{sub2)
Y.append(sub1)
Output: Y[Yy, Yz, ..., Yl
olm|Z & 1A #HEH HloleE HEals #4 (a) Fat7] A4k (b) EA A4
(a) Multiply Operation (b) Sum Operation
-------------- ol
51532::22““-‘:""‘ i Gl s ® g
SR s 1 2 L
S~ 0| ©
IR I KR ;.
e T el 8 | 4 IS)
,- A time-serigs data™~ v - =
+ executes multiplication ™ 2 * i 2 =
¢ with f filter. ..y 011 ® ) w
r A 4
. X 1 piece data
= Some data in the * Sum the changed data
image parameters, through the filter.
+ZA HelsHE &8st EdH 332} o[zl (o] Hele A% 2] 0 =& 19 FHErHE 7H4. et
mef7t 19]E AElw, 09 A5 WAL ul. o4 22 Ho|dE a0 B 9} APL $9F
27 "lo|e= 30 x 30 A7)0 f% 2 x 2&, 27} flo|HZ 2 X 2 9E9E o &3ld fo BHFE F
g A= 1944 o|SGmide-Dstel 27 olnjAg AA FY& 2alsy, 4 2A e 9} dY
< o Aen et WatEo] oA g 1 FarlE st Fetr|elo] e A"
b olm Aok i fof W A4k A

W H

f=L2, 84 fw fu=22P;= Y Y xfw:w+ fo,h:h+fi]®f,

w=0h=0
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B SR 19} U 7R =7} o|F|AE 23, BEE TlolHE o BES Y £ ded 2
HE Tt R 71 2%

- &7} on|z|g ey F (1 0], [0, 1]]01 EAY A+ ¥H 1 $YEFS AT vt [ ol [0, 411
2z ou|AY mHr|Ert HAHT, HAE ASrHEL (2 sty 4 HaguE HA]¢ w47
OE #= €A =, olE Y A+ ZH FH59 Holy EHd wat Az A= oE 23E 22T

o 27 Geo] WE Y £F Y @

2 X Scanned Summing E
Scanned Area Summing Data Line Type At Data Line Type
0000 0 Non-Active 1000 8 Point
0001 1 Point 1001 9 Vertical
0010 2 Point 1010 10 Diagonal
0011 3 Horizontal 1011 11 Curve
0100 4 Point 1100 12 Horizontal
0101 5 Diagonal 1101 13 Curve
0110 [ Vertical 1110 14 Curve
0111 7 Curve 1111 15 Active (Side)
-4 990 =% 0" o2 2L A 4F G uwg = ESol, Bak 3 H4 0" 0= EHW
W BE gdo] 1" 2 XHE J9L 84 JH2=, Side= £FH 15" o #s ¥9A H
- 94 F9E2 “1” o YR ALl vt Point, Vertlcahty, Horizontality, Diagonal = E3HE of Z}zhe)
43 WEE UA W 7 HolEE U Mo FRAE B¥E YA nel 27) de WeE B
W, olg HAE TH o= dA H

v 0]E]A] A H4F HY ZTHUE 71U volH ¢$F R FAE A4
- 42 oHRE 1671y 2408 RE F 72 2744 §F BHE At 428 FEE 53] Ay TR
B2 IH FHEE TAEHY g 2H HoHEL 0015 FEu|HER FARE THT EARE FH)
= 73
- 7} ZZFEo| 7HA A Sle BEHHY g2 71FoR2 ¥F FHA HelHE AN vF A HelHz gt
oEY g& QdEA2 883o, F 16 279 129 alES A3tz 7 Q47 529 gt &3 )
o 847 1Y Frksle (S Fo AME FHolHE AT

o A A LIYF

Algorithm 3 Cumulative Aggregation Algorithm

Input: [x; =[p1 =[vi, V2, .. Vmli P2 -+« P16} %20 -+« Xn]
def Cumulative aggregation used to make LFA data
Y = List()
for x; in [xy, X3, ..., xy] do
subl = List()
for p in x; do

sub2 = array(16){0, ... |
fori from p do
sub2[i]++
subl.append(sub2)
Yappend(subl)
Output: Y

Am
-]l
™
rio
am

25) & FZ& 7|9t2| LFA-CRNNE o268t EHA X 24 x| 2 O g, 2T 10-2021-0109154, 2021.08.19.
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Cumulative Aggregate Data Generation
(a) Index the parameters of the fragmented image 1o Increase the elements of the array.
16 pied
IHEEEEEEEEN -
3 pieg
:, el 1 1 1 11118 =
e
DDDDUDD-DD .
| plege dala - = =
()] )5 (0] s|\
‘:'-:'_-.T— "'-,4_.
‘-.“".n P _,.’
Indexing
AT e T e
Dimensional Reduction Process T,‘"“ 21 31 41516171818 1mlilelml i ‘,‘,”:
Division of image (16 piece) %-4._3_-""-""”:‘“;,—";2_ “”;!-""I-*TF_”" i "“;l-
Max=pooling & reshape () 1D "Wﬁ;{m"nmwm :

z7ht dolE9] weuEE Mde] <luim Bgse] 2 xre] wE 16 2719 1Ay NI A
Al 169 2718 2 1340 Qo) 2 stellEel 4gsE ds AR axd g 1 A%, 4
z7ulth S Ho] Zzle] mzte] A4HE 16 miv]e] MAe] Al & 167)e) WA pAske] LPA
HolE At

t

o LFA HolEE o] &8 o4 44

Learning process using LFA data

The one-dimensional arrays calculated in each region are combined output
__——— 16size—————__intoone and used as the input of the C
10 amay for 1) pisce
Dy !
1D armay for 13 piace s (
|g:::::f::: @ LFA
16 array ‘::,::f:,‘:::: \ data
B *  One LFA data is expre pluralltyofdala —
5 ::: :::;:: : through the filter of th volution layer.
:E::::::f: * Itis used as inputin circulation.
(a) LFA data for one image (5) LFA-Lear Process
87 e £4-& 4% LFA-CRNN =9
SAe] AA4EE Folzl 4 owA tislA AR FAU dF B SFY HdES F9 E%% Sl
B LFA #4& B3l 16x16 2718 e 23y Wd2 A7-493% =, LFA 71H-E B8 A F48 59
[FAS %4 o] FUT 1T Aor, oAl UEE 8ol A2 GA AR T4 A8 F
29 wole] At nHY EHCE x4 pain FehE skl YWHH CRNN g4 male] 7xs} ohd

LEA HeolElE gt A4 g md-g AA3 0, S5 T2A2E 285

LFA-CRNN TZo]4 CRNN &< mdz AZFAH AFo] shil=z o]Fo]x] M, Reshape AFS T3 4
me AE2 HelHE 28E

Al 2 Holg 2 HEsw EA52 2719 Bidirectional-GRUBI-GRU)E E4) Dense ZA|Z2 2 o7, Al
olE AFE& nAYe s d3 &9

Convolution 7% 2] Batch-Normalization-& 58| st &%= 741 B 715x 2713k A9 e o&A3 37

AL A

o] =4H LFA HelHE AH8str] vie] 55 dHeoly #AA7E shtg E’QO]EJr g glE.

Convolutionef A] sl}e] 2 E4L og Exoz mdslr] 38 16X16 2718 2= & 64718 "y E &
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i
o

s 4H g 2d e U

e LFA-CRNN R3] =

LFA Process

Driver Face Photography

Proposed CRNN Process

Bidirectional-GRU

Facial Detection of image

‘ Balch Normalization
Edge Detaction L .

| Rosrpe |

* Converts nsional data Output

Predictive Facial data

Dele B OO

Drision of imaga (16 piece)

Maz-pooing 4 reshape

Bidirectional-GRU e
Naode:32

+  This model consists of one canvolution layer,

+  Afiter is a number of 64 and, size of 16 by 16.

- Z2F %2 BNE Ay RelU AlEE 53] 4d¥9 EFY A4E. ol= Reshape AZS 53 6471 256
A71E = AF A HelHE AT45H, |5 RNN R g0 = ALE§

- RNN nd& 2709 BI-GRUZ TAE™ 64, 32719 =22 714, o] 3AL E& =29 ve]e= Dense 7
=22 5

& £3) Aauols B2 M old Dense AET ATmoI= T Aole] Dropout #1352 w8k
Q4T Th L ARG A

=

- HFHom AIRIEES B9 119 B4 FUAE BF QA9 [FA Hold AA7E 15x160.% AP
e FI|E AAAE, olMATe U HE FH AsE T HF velHst ¥FE AL F& EAT

o] F& EE AAY 5+ A=
- Eg ASE AFESR @3 BN 2 Dropout AEE dlXxstg or, Convolution2 stridet  “1” o™,
paddinge “same” © 2 M43

B == 98 BAE A% doly B S /9 4% 28 29
- HelE B4 P F Shiel ABEAS tolde) EAANS Rzl fofua dBAe ,
ViE vepd. QBT 27 Xgkh Ve 999 olelglow TAEE, 74D ole]

9 7] BAE olgowm oNBAd 2LE F 4 YL

- ABEH)A T wol A8HE Apriol LIABE A4 AL ofold A AWoE Ao Py
27 AFHOZ K9 ool WO o] Rojzl WA WET} B PUL g Ade] AL

o A7|E

AEE AYIH HLAAE o] L& LA ool AL v HFLE AHoslx, AYH nil ofolg
o F o] Zojzl W FHLe o2 B AN+ FR Aoz M7 n’ﬂ%oﬂ n7le ofelgl FHjto]
HALAAZE TEHIA o= AT o9 AELS =3 ofeld A+ W3 g o= Aoyl /1%

- Apriori €2dEFE T3 =EH ¥R ZA4E Hriste ARE AFE FHE AAR ol SA 6,
AA HeleAl o] ofe|dle) ¥ &3 AAEE =T 2N AAE Apriori 7132

Ea4dS JAg
- dloE Ul AFE gho] EAT A%, Apriori YT FE ololFe] WY WES 9o wsHs 7)Y
o]7] ool F-u|g FAE] EE2E 4 Uu ol HelHY HPFAHL IHFoEN AREHE IFYE)
o IAHE 2T
26) T2, Henl, P AEE, wEE, 3EE (2020) T2 g BX|E fIct dio|E ek 2&S H Y F2 2# s EREE=
2X], 11(9), 1-6
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» ZEAT HE ey 43 R A
- 22 A ®AE A mds 7] H3 aeARst AT A, AR ¥R AL BAY F
H O BAY 2L BEAT HE HolHY FHEEREET AFS tlelE 3 H HAF YL zE)

e ATALL FE B

No. tems

night, sat, car_to_car, fron_collision, no_safe_duty,
single_road, offender_car, victim_car, caution

day, mon, alone_car, abalone, no_safe_duty, cross_road,

¢ offender_van, victim_no, caution
3 night, mon, car_to_car, Iat_c_oll_ision. Uver_spe_ed.
cross_road, offender_van, victim_cycle, warning
- WEATLY B A B AL BAARY] " g o i ARE ERAAE 74
- SEAT B4R, BAR, AuAle] So meld Zizte] @A oleldo s Mgy A%, SddM 219
FHg]= ololrle] A ojx|7] wj &) rhs(right hand side)dl] wFAF129] HE7} BAE &E0| A4s
- TAAS(Traffic Acc[dent Analysis System)28of] EAIE A{A 2zo wat =2 YPE AF A

SR SUE AL A4S 96 AUR, FAR, AR, R S RS olgele] Fo)9@/Azel 3717
0% "y v’i*%ﬁh-, T s mEARA B8 GUE e 2t Be) HlolHE s caAes
Taste ZdaM HolEE Ay

» ZEAT FHRE o5 d@H 44

- AEAT FHRES o83 Ayt MALS 93] Aty wleld . S HelEs H5d HelHE $
2]-2,7297, Y @-4177, AZ-63712 EFEo] o] ey HYA 1 EA

- B L AN T7] HEllA ATTFEAA AAEY e 0029 g2 Prunning ©HAS 2 E

212 =+ lhsleft hand side) ofel® X7t EdAAC 2w, otold Yot 24T &2 vepyr] &2

FOEe 73 ABHE FESP] Y8 F8F 4AEE #Fe 01 FRA7] Y

WA FAEE A g 5079 73S 23

» 223 ABFHY F9 P FHE FL PO =W T

Rank Rule Supp. Conf. Lift
{cross_road,
1 no_safe_duty, night, 0.0216 0.186 1.364

car_to_man} =) {caution}

{single_road, over_speed,
2 day. offender_van} =) 0.0213 0.184 1.349
{caution}

{offender_van,
3 over_speed, night. 0.0207 0.181 1.328
victim_pass} =) {caution}

- ABFHEL ofwF ool EhoT FHo| AHHT, el AFAG WATH FEWS ther} BA
2300 B, ol YIIL 2, AT, Aot AT REV 22ATE A, Rk

27 Traffic Accident Information, https:/ www.data.go . kridata/1 5003493/ fileData.do
28] Hazardous Foad Forecasting System http://taas. koroad.or.kr/.
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- 22 99 ®HAE g duE vield Zlgke] wF A ERAAAA o|vie JdABAE detde

24 71 aFA AR delHd A bt #2 =440 dA =S 52

- 9 3 2ed s T = H3Ye "HASH, ARgAke] Al Sy £ AR 2 2R

e} wse

- 54 #0] sl AgAe U A, 45 F F 3dAd ddets 45 dF Ads ATE
- aF 2dS T AR 54 B se A9 2RI 7he AR whEp el AR R wet

PAE FASS Ba 487 AddA ATF ALE ATFERM ole} TR ALE FEACE dY
5%

e AE2E AT A AEAE ZEA

User Info | = Association Rules
{cross_road} |- Rank1, Rank2, ...

e & e — S

2 {sgl_rd, dy, ctm, off van, vic_no}
{night] |<{- &gea 12 y,
™~ rd, AGE, ctc. off van, or_spd)

{ero_rd, Agt, ¢
o —
{car_to_car} 1 /;ﬁ"tf‘“}’ -
_~1_AsgiTrd, ngt, alc, off_car, or_spd}

{offender_van} I' ’ --ff.}\jTinE] G

| Optimize t:ta biasQ|

7
f /
i

- Detection = |:|

fover_spesd) - {:L
{no_safe_duty) = :
{signal_violation) =l .

Association Rules Graph

- AREAZE O %2 LSRR TSI rhsell sjEshe M| AREE FALaAT]7] s AF =t

AAEE HHsde =M, did I =F ddste AjAr 4 FAE 5 RS HelHE @A
o Agd

AgAE dlelszz 7 Zlul dAgu B4 wd S

- 6T, dolel 8w e 2nlE tulolze] faz} Frlstn A oJPAY AEY Ago] BAFHT gl

o, AR loT tlulo] 28 olgshe] SNSO.ERE Labsle] gl Muld o] HolHE dxtes 57
2 Fhot Aol AsaAdel nteh guF Fel WeldE 4 2 Ashs ke Y 5 A 9
AR e A8E

- AzFe] 7lEo] AESHUA ARGAES AT} Al Addgle] stelBElE PP W ESZAAM AHdd

Agdels ABLe 5 920

PP MEAIE PasE B9 A6 glol SHA0E @49 o ] Fh AshAT kuel 7 3]

St sk 2A7F LASEA B, PPN HelHE ApstH 27 MBdAN AR, A, Fd= ARS
e Agsti, STt AFE2 stelBE|t PP HEYIAAM AWE FH37] AT 6&H4, d9d

7 ARES 3Y 5 YL

AN AET 5 gom At Fad TALA gu Aud 439 dolHE 48T = AW, 2
ot Azl Aggshd doldrt fedlt moky FAZ 9% A AR UEgz s A

29) Fals, ZEE, PHE, FEE, uEE HAE (2020) E2 8 =©@HEAE 2T Ho|e HER SF3 7|gh @ =2 D SIEEEEEE
2%|, 11(9), 1-6.

30) H. J. Kwon, J. 3. Kang, J. W. Baek, K. Chung, Fast R—CNN based Imbalanced Fosture Determination Model using OpenPose in
Multi-Angle Images, The International Conference an Convergence Technology 2021, pp.275-276, 2021.
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- de ol BA8 A4 A4eT Bge 98] FHSE ARacld WAL ow AT, WA
Ae Ade Fdar) @ 2oz g o2 s Ade BAE 42T F g oAy W
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31) Hell™, HUE, FHE, EE, AT ?|E BAE 248 0|83 A7 RECKRISE MERY, 2021 FERAUEESE E4 s
ECNB|, pp. 73-74, 2021,
37) old, Ms HeH, YA, HEE, BERT B-GRU 4= 22 ?|St Gaussian Z2 M|~ 7|gt sj0|H o2l | Z[=g 2021 =2l
HME SR FAE=YRE, pp. 155156, 2021.

33) S, E. Ryu, H. J. Kwon, M. J. Kim, K. Chung, Deep Autcencoder Model for Unsupervised Anomaly Detection in Traffic Safety, The
International Conference on Convergence Content 2020, pp. 53-54, 2020,
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Step 1. Health Big-Data Collection Step 2. Health Big-Data Processing

Step 3. Health Big-Data Result
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34) J. W. Baek, K. Chung (2021) Multi-Level Health Knowledge Mining Procass in P2P Edge Network. |EEE Access, 9, 61623-61834.
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3= A D, ERES AAsts Prne A F FJasked ne] 19 29353 (Bl G FiE 7445 Bl
G}, (Fiald ne] 29 5 35 JAFE 45 oin @4 F F83 (B, G B, Fi, G, FIE§ 44%

- FH FE AR A, HLAAE A3, Prune 9F Fd, ¥NIEEE JAF A, oin FAE §HEIZ,
Aprior] Gen()2 EfiAl oA FHE = 3= 5 el SAFA &E A 99EE JT THE S
&, Word Candidate(n)2 n7fe] 9ol2 olFolgd FH HE o3k A48 TR 35 TS L3050
FLAAEE TFee WS FEIN HgHE H3hs A4

- Word Frequencyinl= A48 999E s Aujen, Qidats Ao 2R AAEe4 JHEE AE5
o Sojte] dadrals WEsh

o HEE ik A FE5 dar

Mo Health Association Rules Support  Confidence Lift

| 1Obesity ] — | Hypertension | 0124 1 .(HK) 2059
{High fat, Chronic [Msease) —
'Trans fat, Cancer!

-

118 1.0 2.333

fAnemia, Diet, Curet—=

3 o 0,100 0.875 1.494
[ Light head. Vitamin, Fruat|
4 ‘Disk, Pain, Cause!—{Position}  (L151 104K 2059
Food, Vimusti—
5 > ; ; 0127 104K 2.059
{Food Poisoning | L
i 5 1 je gt 1 "
6 .{.‘-Il_:l.hnj._(_».|n1|1lu._.1._u.~nn._ 0132 1000 1333
{Diabetes, Hyperlipidemia)
7 {1k, Syetahing)-+ 0302 1.000 707
| Meck. Waist, Shoulder]
8 "Virus! — [ Infection ! 0.129 0,900 272
1 Siress, Management | — - .
G R ; y 0,129 0,900 1.537
[Exercise, Sleep. Hobby, Relax |
'Hangover, Curel —
1] e bomcit st oL SO 0114 0500 2.074
[Water, Egg, Exercise, Coflee|
11 g A 154 0,800 1.647

{Opemation, Radiation, Dmg |

Smoking, Cancer}—
|2 y = .129 0,900} 1.537
[ Laryngeal, Lug, Bladder} i

: | F":!:-\L—I:umL f.]H'L':I'cElliHE: + 0171 0857 | 463
VWause. Complication, Obesity ]

- {Obesity, Cormnplications} => {Diabetes, Hyperlipidemiale] Q332 AA= 13.2%, AFH = 100, F4=
2,3332 =2 H7 227 F4E, (Obesity, Complications, Diabetes, Hyperlipidemial2 742 9o E312]
ddde] f+ =32 sF] AEEAR s Fobd

n OAE AARAE o] &% A2 AE=EF

- 92 AHEFE AEF WRTELE THE ols 92 doly YdEES FHNe FE 3R] A%
A& FEHEFE 7tz AHTE GAF R NS A dhdsie 278 Al1E AEE
] AdE S A, 7id AEFS Dol AEE RS wEsS BoiFt FhA s 2uE AEFEHeE
Z@8F. ol ulF HAEhd @oltsy] FAEE Adste 298F

- A EF g3 Aprior SRS MW AR MRS JAFHEFE L5, TR 5D fAE E
AE = 3lom, Apriorl xHEE 719k o] B4 LR AAF-FHAE-SANAT et 5SS
TEE dHEsD, dels] 35 U3 AF FE2F FHoE M2 8 ofeldld £4F e AF =4
of B4 7Hed

- {Obesity, Cormplicationsie] #AS 477 A% 45 ITE H3AA Obesity, Corplication, Fast Food,
Chicken, Cvereating, Chesity, Complications, Disbetes, Hyperlipiderniatel 22 47 Af3p2lg aA%
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4= ANEYA)A MR BAY PHBo| o|4E T AY 9L Ushid, AEER T 5T
ZL IHAY HL NTVE AR F 9L Ythiz, A4S EIE W BUT F2 §U2E Bojo
ARBAE FU4Y & Ag

HAF 227FH E 4 A EY

MNULL

Obesity,
1
Prevention Symptom Camplication Cara
- d —
Y —t
Menu s Exercise Breath Headache Disesase Cause
/ _— =
II' ] e —— R -
Frut Vegelable Meal Fish| Streiching  walking Hyperension Cancer Diabetes -Habit-Overeating Gene
| ;__..-H'—._\__'_\___
Cabbage Tomato Cucumber Qﬁ'ﬂ Waist Shoukder Blocd Pressura Life " Fast Food Weight Nigh Meal
_,_o-"’"d-"h‘"\_ - s
N‘mﬁ_ Low HON Positive Megafive Hamburger Pizza Chicken
S =

— B

AERTRA L FRAHEE FoEr] HE 42 AAERE FIRLE AEAREE oEF AEZATTRAS
A AEA BN Mutua nformation)2 = 712 ©o7F dviy 2% #A4E 92 Jerre] dg
E A94Y AREE 27se BRoln, oy IR YRS HE854 gAY @5 BojEYy W
= ZEZ 7Rt R g

FAFEYRECo-Ocurence)s AR HHE Wols7l Ad] FHEs 3SE guidth JLr 2 FUdFE
= Bo] Alelrt A2 Z2ET FA Jve EFE AR goy, woitd] RS ST o ALEElE,
HEE AR o|goM Aol AT HEJPE Hfe] EIE HJFE AET

bloox i

FEH B

flwy, wa)
.-ﬁJI’I'H.!,n_rl = h]g. ___._l__-,_
SHw ) X Fiwsa)

-wl, wi= Hm g gL 2)udet Miwlwd< wld wisle]s] Asd gl JeEhdd, fiwDe wly] g9

48 BB flwdes wig Y52 &, fiwlwls wld wio] B4 S4HEks v FE8L 2o

AEA R 23 Fol 081} FIE T @] Alels #RAY] 42, 05 Fod #Adgde] ged o
2k, Apriod ExElEd] AF AFFAL HHE & e SIS dEAR g HEE ol 79
s AFAREE YEEld BYdy dRAEE #wuEy] JE Lifte wld wiFt SEAY FAYeg B
o] wld @] wirt BAlY] FHEls AESFE JE Y, Lft @ 2322 FEid A Rge] 35 74

i
-

A vpolde] ME YAR 5 AEARE

Piwy Mwa)

Plwy) x P(wa)
M (wy, wa) = log, Lift {w; — w)

Lift (w) — w2) =

- {PastFood, Overeatingl=>Cause, Complicaticn, Chesity!e] Lift 3r-2 1.463¢1d, AR 7)H Az Rk 22

o diYEts] A4aEA =Hd 05407 FEEY, AFAHRE o] 08 E ol F&=H7] YR {FastFood,
Crverestingl=>iCause, Complication, Chbesityls] 4% SA33A47T &€ < 5 9%
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o AT B2 FEE 1w AEEREF] 2R

Mo Health Association Rules Lifi Mi
| {Oibesity ! — | Hypertension | 2.059 1042
a THigh fat, Chronic Disesse) — 2333 | 222

{ Trans fat. Cancer} -
| Anemia, Diet, Cure}—
1 ' X 579
B [Light head, Vitamin, Frut} 1.494 0.57
4 { Disk, Pain, Cause | -+ | Fosition | 2.059 1.042
i {Fooed, Virus) — - et
k] 42
2 {Food Poisoning| 205 142
6 :l',.'ll.'n_'hil}', i"t1n1;1|i1:1-1l.iun5-'}:—-- 2133 1292
{Diabetes, Hyperlipidemia) o
1 Disk, Stretching}— .
? I Meck, Waist, Shoulder| i B
i1 IWirus | — [ Infection | 2.172 1.119
| Stress, Management | —
9 e St = : 1.537 .62
{Exercise, Sleep, Hobby, Relax} 3 "
IHangover, Cure)] — =
i] e e 2.074 052
L | Water, Egg, Exercise, Coffec} '
[Cancer, Ablationj—
11 ¥ J ! 1.647 0.719
{Operation, Radiation, Dreg) :
1Smoking, Cancer| —
12 s = d 1.537 0619
{ Larvngeal, Lug. Bladder) = :
13 | Fast-Tood, Overeating | 1.463 01,540

{Cause, Complication, Obesity |

- AEARF 7A o= A=y FHAAE YristeA FHAFE olESte A A=E AR dHA
7= ZYH C AeE o]E8t] 54 AadA €A viie g dE 2FF FleLE AT 2
ke 0% 1 A0l 2 EHED, 0d Phabe @Y s 7 #AC 9340 2ad, 1# fhhe gEeE o
el &2 AP7t dls

2,

o AFF ] B2 FiE A6 dEARFY 2

— N : Total number of cases
v (0 _1_-.-‘ 0 : MI{wLw2)
C= | =——5— B:Ml(wl,w2)/sum of MI(wl,w2)
p! NS =1 S : small number of values in
row and columns

- {Hyperension, Virus, Relax, Cure, Diet, Obesity, Infection, Stress, Complications, Management}®] 107] ¢
2 WAEHBFHS x5 MEE Fs 4ATE HaF

- Cbesitys} Hyperension®] #ZdH=2 104201, 5x5 slgd 2 FAsar] o2 N9 e 25, &9 e
58 7| sk, AM 2 FL 25718 F§E v o1& F FEAF F2 FE5A =49 0.0458 ZHg ol
2257, 1BG 03 7H7hE Fe] B2 Chesitysh Hyperension® A@de] H8& 9ng

o Chojo] @2 Cramer C AFAA T

Obesity Infiection Stress Complications ...
Hypertension 0,045 0,039 0.076 0133
Virus 0, (M6 (.058 0,033 (L0EE
Relax 0,040 0,091 0078 0.2
Cure 0,070 00O%T 0088 0002
Diet 0128 D.23 0067 0079
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s Al E0 EZ B3R PHISTH i 2 ¥ fHE 42 vd s

- A ol AEA A oldE RE DA, AW F2 AF DAS Y|, 44 adEAne Hile]
A w2 3 A1E £ 3 F oz Fet, B kS e SR A o A 4
g A5 gestH s 3UE

- 71& A7 E A9 AFE FA S AFY oldE fastes KEDS Knodk Sensor Detedion System)= 7]
Wt A WA E dF5EA AAHE Fo —?F-*'?H des GdsE dFHAEE HATeE ZFUHEH
s, &89 544 ol &5d o A% Ass FAF

- &8s AR BA4S FHAR glad, sAak dF el dleid dd e &8 FelHE s #F
HE EAE FoFgeEM, Af A HHE FE3H A 2H4H Uds L8088 AFAF 2]
BE&5S sty nadls g o gy, AEa Aulas AlTE AYEy AEAE T 7 R,
da Fx 55 5ol &3 AFndd dF FEE AFFLEZN ks F9E ¢ =2

W =S CCTV dolH& &40 94 718 A% o4 240

s EERFTAN A ol d-d AR AT AeH 4§ R AAy

- SEREAA Ay o]dE ZAE7] s} Nvidacld FEsk= Al CITY CHALLENGEY ®elg $3s5z,
deole A& 0y 800 X 410 sld=e o 158 Aol d4E AFd

- 27 100719 gE € HZE deldE AFE, @E delges A oldy AFE Y W AMLE B
B FH2=E AFF

- Video IDE Hoje AEAE Start Timestampe ©]% AL yehf= A|ZA1{E). End Timestampe ©]4
Ade FEE Y= ATEE UEHY

- A% o4 A7 4

Video Start End
D Timestamp Timestamp
2 687 894
8 0 287
1 0 888
14 475 600
33 165 884
35 106 185
48 422 894

« HMOG2E "]-ﬁ'ﬂ ud 4

- AR ol ZAE A by AR vjAs BEE 9deA dA3E AA5 deHs FEolw A
= %‘%Gﬂﬂcl HAHE ge AFy 22L v o2 52 A8 B vlE 243 AT
- A HWA gA = 2382 B8 AdE A¥Eo vjAS 2dE A9

- 7 A gA e AE AR dEe FEE7] f3l mdE YgHeE

-ulE FEe 2dd @ ojEs 24 ZAYY FHE 6 dfes REY B3 bz AAdd

- AA A3 s GaeA vy EE A &ats QAL ZgstE o) o A2 UEhy

- AAE ta3s B3 WA ZEyy A el 59 6a 221

» MOG2E o83 A YA F28 973

38 SEEY, LSTM 7|8 RE SEF oS gy ! 2| EHeE 10-2021-0078113, SHE, 2021.06 16
38) MEE, UIE, HEE FJds (2021 T2 CCTV HIOE & EsE B2d 7|8t 28 ola ZF|, B SEEEEER, 12(2), 1-6.
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Current Frame Background Model

‘—I

Foreground Mask Background Extraction

- 2298 A3 B4 ZIYY NS B8 ZAYE AP vhAZE PRI, GHD BF nazs
B3 WA 2% AL L AT DAY AP E2NA A7t AR, G H= BF 2F A DA
YA RoBE WHELE FAY

= COCO dle|e] oA F#d 7|9k A o4 A

- MOG2E &3] &8 Hdos Al 2 A E 28 ARAE AFe] THFE. AAE A= A2y A% 2
Zolghs FAE 57 WEe FEH HAC Wordles AEE gX3 7] HE Hed 71Ee A €5 2
2] YOLOV4S A&

- YOLOvAE= 7129 H3d 78 A4 22 293t 52 FPSet 2 mini-batch-sizes €3] -2 GPUS
5 AME 7l =2 FPSE B8] AAITY BRF 71 3 F2 AFE T AL R 8gHed 2E
L& 7hE

- COCO tlolE A& Faf A 5" 712A5 Arg COCO H ol AN 80714 AAE FAHH HolH

ol X B|HEH SN EHPO], FER}, AFA, HA ET)Y QA7 TFFH. T2 HY 2 FH BHEA

AAE 54 7b=

o AT A pAeD 28] ARH oL ©X

- A WA W 322 F9 ARG AF e s 8] AAH AFE e
- F i1 292 AAE AFE YOLOv4E €3] olde BXT 2H4E e
- A HEHE SHIEA 24" A34E AT B HEREEe 22§ o] FAE s E

= o9H dA4E vEpd

—1(}

= role] 719 uetA o|nA B2H nlold F

- SHYTY S5ESE AT HelHY ATAE £Y] 7hed YA F5HSe He] Fa=7
w2 HEEE BY A 278 FE FLAZBRE 1A BYY e FEANN7] HE FaET 2
Her AAZ
=9

rE e
4 e
rulﬂ

o B&use] U VIGEE Forste g BED BUAT SYESE AAL gA42A E

371 T. Y. Lin, M. Maire, S. Belongie, J. Hays, P. Perona, D. Ramanan (2014) Microsoft cocor Common objects in context, In European
conference on computer vision, 740-755.
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7oz 3= PR 2E vwddA P featurer} £579 B&m i4d AL A= ARE
¢l MDGMean Decrease Gini) Al5+E o] &3t

EE 7S AHdste o3 HelHE oldste oy Mo 7718 2ty RdE 7Y Y =4
=8 293l= W4 uhe} Bagging(Bootstrap AGGregING), Boosting, Stackinge .2 +53
B?lggjﬂg2 AEE ofd W F2ao Z+ 2dE IEFAAH diE JAE Volinge] A34E o]&sn] Z+ A
oA F=8 ARE FHFLE 28] wEdd 3AF 2AE Zd 424 2 74 Hard-voting
9] Bagging "4]-& AL YA4E 2d¢ dAPEH2E §¢ mdS BFVE HLo] 7

o 0|04 P23 ADEL 95k CNN 25 =e 1238

Dense  Qutput

Convolutional Layers Layer Layer

AR dolol: P4 F A4 Fs] 54 Yo g 53 Be I EY doloj: 53
(1NN
H=

BqE QEte & Zr]E ol 54 HoHE A3 AEFA dolojs} £7] dHolo]E AR Y9l
Helld 538 & 3 9 golojgt 4 T dlololE AA a7 oln|A & £/T

AutoML(Automated Machine Learning)2 A3l 2] 3o e 222 &3l 2737 Z2A2 129y
A HAHNA oy dTEEsS sty dolE] Al HAH3E é_ﬂf’fl%"% AFeE BT o7 24
dTEFES HEsto Qo] F2 BEES AT o|ES PEESE dF HelE A mdo| A

o}
TOoRE &5 ol md A Lo AZe] ZAdtm Adso] Hold
TEwE oA #23 B2 ¢t AutoMLT CNN 7|8k ASE HE] obid B2 odlddg o]lske] 2}
& o] 744
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39) 8. E. Ryu, H. J. Kwon, M. J. Kim, K. Chung, Deep Autoencoder Model for Unsupervised Anomaly Detection in Traffic Safety, The
International Conference on Comvergence Content 2020, pp. 53-54, 2020.

40) MHE X% HEE (2021) TRWE 0|HE 2|A3 BX|E 218t AutoMLF CNN 7|8 AT E HE gAlS B2 o gotdbE=ax%|
11(7), 14=-20.

_68_



N 2543 435 4F& 4% 7154 H=9 7|¥ Harmonic MDG-Ensemble R4l

s BEANT ATE &8 9% 71Ex f=d) 79t Harmonic MDG-ensemble 29 = 24 A

Stap 1. Dt Présiccassin Step 2. Variable Selection using Step 3. Weight Feedback Ensemble

p1. P g MDG Method
Traffic Accident Information — Modeling Random Forest — Input : Selected Variables

Row Data Classifier 1

‘ Preprocessing ‘ *
Remove Outliers & Missing l Extract of Mean Decrease Gini | Classifier || Classifier Classifier
Values Select 500 over A B z
MDG

| Merge Duplicate Meanings |

: Weight Feedback
| Create Dependent Variable | | Select Variable |

Remove Text & Numeric J Calculate & Update Weights
Variables 8 Important Variables —

Result of processing ; &_ ;r‘ @

Traffic Accident Information _‘E@BB Road Accident Severity
Final Data Prediction

« EEZFFUNA AFSHE LA doly AN

- oA AR F2E 2B AARE 247 BE7] MR AFEr) onw wEAi 43
of e HAEE BT 5 g AT By ZlFe] Wagh wBAw HelE B ¥wad
dolHE AASGT BHY BEAL Fol7 SdA AHAE A9

e AEARI AR HelE AT di}

No Variable Name Data Type Category Description
Traffic Accident . - : Slight- r!"toderatc
1 Severi Categorical 2 Serious
everity :
3 very serious
2012
2013
2014 )
2 Year Categorical 2015 Year of accident
2016 occurrence
2017
2018
0 Pedestrian’s negligence
i in . . 1 Driver’s violation of law
12 Violation_law Categorical p :
5 'oor maintenance
- of vehicle
0 Crossroad
1 Others/Undefined
13 Road_type Categorical 2 One way only
3 Parking lot
4 Railroad crossing

12 Slight,

- AAEE wolE+= 179 Wt 18,7000 EfA Ao w FAH usAla Ao A
HA T S,
&%

2% Serious, 32 Fatal& o|v|§ WHfwt2 (-2 JeEpdY, 0& B3z 74, 18 32
2= 2= HH] £F, E2 FE9 A -7AE vEd, dA 7 dapoer A4z 4

sg dopspr] ol ol glovs Ao 4P FE FaY WSE FEY

2

rir
o = +

rr

ot

41) B. K. Koo, J. W. Baek, K. Chung (2021) Weight Feedback-Based Harmonic MDG-Ensemble Model for Prediction of Traffic Accident
Severity, Applied Sciences, 11(11), 5072-5089.

42) KoROAD Traffic accident information, http://taas koroad.or.kr/.
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= Mean Decresse Gini A& ¢|§% $4549 wgE Hey HE
- ZE dolEde A 92 EZad Hpo) Ay FEEe] ek Wy
AT A= G EE f3 Y o 2ax7 22 H5E AU A2

=
Z 7ldteE "Wy 28028 =&2%. MDGMean Decrease Ginl) A& o] £31e S459H2] HEl 4

o iz} 2% SYHETE AT

- REAT AZES 8 MDG ASE 2257 Ao, 2TAT 4Pes Ssdss ddgm Jeix
16709 WaEe SPuss 44 EF/1E £ 42y SPEse) MDGE Hmsd B&usd o

o ddEed 2axF I9H

*« MDG A& A&5 Hy 225

Light  I—
Road type I
Accident_type I
Violation_law I
Date I
Day I
Year I
Attacker_type |
Location
Month
Casualty_type §
Hour |

D 150 300 450 600 750 900 1050 1200 1350 1500

Mean decrease Gini

- MDG A58 o8% ¥4 FLE e YYHos we Feer} $E5W MDG A5 Fel 500
ol Aol MDGE Hdss 5ol S7b FAsH] B4y fRe) 24 2o #b5E.

2 A ¢l A2 E5] cut-offr} @ E= AR BALE HpE AU

« MDG Al+Z o] 33 He Faxe] 25

Variable Name MDG Variable Name MDG
Hour 1000.54 Date 665.693849

Casualty_type 1302.854 Violation_law 557.599871
Month 1058.541 Light 6567.584

Attacker_type 1512.122 Location 1256.67162

- e 285 2 A A 11719 H47 $22, Houre MDG A7) 1556142 235 & 7P £
Fol2E ZEAD dolE € Hour #5471 A4 B2Fd 7pd 249 dsela 993

s 7HEX] v=9 7]§ke] Harmenic MDG-ensemble 24

- BEAML AOEE 9557 #H{E de]HE FASe d5%, #FE 72 gdF doly B/ o
Aee FHAZ)7] A8 22 AdErR], KNN (K-Nearest Neighbor), SVM 52 2% 21252 HEs

o opaE mElg T4
- AAEH R EAT AR do]HE K—fold duelee B E2H AP HLE fFes ETI oW
©Y EF 2d g SgEla 7P dee) 245 ER7E £29 4 E 24 AH4H
- %P%% zd2 HA gd 9 F ghe dimsts Agel Aes ogel Ar A% Agrt He Ae
£ Agg Age) 7 & AL FEAlY e F7ATIY, g b 2 AL ZtEAy e
AX7|e 28R E B3 LAE AT
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- MDG A= FEE S¥HETd A% B 2y2 JIEAE 7 2REds FERLEA TIEAE Y
=dstd 2dy EF4Ts T3 71EA g2 MDGA e 288 ¥s HE5 AHgE. MDG
Ase 23 #8HYE 540 JLoBE MDG A =847 ¢ A &%

-HeE] FAEE UBLE AFAA) F2 2L KA W HE HEE F4E ¢ Y= =
HWFEL HrEL MDG Ao HEd ZFAL JAEE 5T 25BWTE HELLEN G439
= Harmonic MDG A-,2 gi«] F33] #Ax= TAFEL A78E= ¥ 5%

- 7R HEeds fs) MDGe =fwEs) 22 o Fe| HaRs Johe 282 hEAe w94
Hedge 24 238 Z4aAF)H Harmonic MDG-ensemble ®42] He2 @izl ¢adgd 244
AEE Ay ddzs B4F EAY dY 2d Ade] ARE SP¥re] FARE ZEEH 7SR

7Aule] s

e 7155 S=d 7|yt 28 MDG ¢AaE 4nEE

Algorithm 1. Weight feedback based harmonic MDG-ensemble algorithm.

Input: Pre-processed Traffic Accident Data — TADIj]
Output: Updated Weight using Feedback — FW
Num_Model + Number of single models for ensemble
Correct [Num_Model] + 0
Incorrect [Num_Model] « 0
Accurate [Num_Model] + 0
Inaccurate [Num_Model] + 0
Weight [Num_Model] + 1
Split TAD into into 70% of training data, 20% of test data, and 10% of verification data
for k is the number of split TAD do
Trains data of TAD sets is number of k, and the rest is a dataset for testing or validation.
Trains Model [Naum_Model] with single classification method using train data
Makes Ensemble model WFEM using Model, Weight
far j =1 to length of train fold do
Pred_e + Prediction of WFEM for j-th transaction of test data
Real « Real Label of j-th transaction of test fold
fori=1 to Num_Model do
Pred_s + Prediction of Model[i] for j-th transaction of test data
if (Real == Pred_¢)/ /Under accurate prediction
if (Pred_e == Pred s)/ /Prediction of Model[i] is same as WFEM
Correct[i]++
else if (Real ! = Pred_¢)//Under inaccurate prediction
if (Pred_e == Pred_s)
Incorrect[i]++
endfor
endfor
Idx_Correct + index of maximum of correct
Idx_Incorrect + index of maximum of incorrect
Accurate [ldx_Correct] + 1
Inaccurate [Idx_Incorrect] «+ 1
FW; = Weight; + H_ MDG;( o Acg-p = Inacg)
Accurate + 0
Inaccurate « 0
endfor
return

- Ag@ACorrect), L BB Wrong)e] Wg HF-E 002 2789 & AxzlE 2FAZ {8 E k7
2 BEex k-foldg T8l madse 78

- FlEAE WA E 2 2 A ge 232 Fgsie] AA # oS 95 4R g rla
2aEe] Corrects) Wrong2 Hdz oz F7l43. ¢b 8 g g2 25 7l 2252 Corrects}
Wronge dlasted Z+ ghef s 7pa 2 zde delsled g 2dg A4
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e 7F1=5] Zz=d 7)dk =38 MDG YAE 2l FE=

Step. 1 NP,

P . : , _: Weight A |
s = Training | | Testing | | Validation l‘%'_ i We;m sl

—— Data Data Data [ Classifier B f— — — — — — — % Ensemble
Prepglc;essed - | 70% 20% 10% | 3 | : Maodel
ata - |

e ok ' oo o | WeightZ

Data separation Ltessliar 2 e v =
g

Step.2 | :
Model | Correct | Incorrect Selected a model with Model | Correct | Incorrect 1 ".N'E'Igh[
. . . | the correct and . ! Feedback Step. 3
A 5 5 incamect prediction A | 5 5
B 6 4 value maximum B PMax 4 Equation of MDG of
| i | — T Weight Independent
C 1 7 L 3 Ml -
! ! ! ! ! Feedback Variables
s | & | = | & | & | FWeight, = weight + |{.l, P ,J;m'i:- )1 % (& x Ace; — % Inace))

- 7}EA F7vwE ZA2%S Correctd Wrongd) F3 #o) MDG2 =89 wd Fily 7] 7lEAg)
Tt 29 E medsl oatl zd 93E AAY

B =2%% o|Ha 223 HA% A% AnteMLa CNN 7]k A2 E Be 48 23 24

» EETE deoly T4 W A3

- 8]A4% deles 43 deolHE =5 AbRFE AutoMLT CNN 7]t 9B 25 mdd 2A% CNN
Z|dt =2WE olmA Za2x £2F AL ] A =22 A gy =22 &9 o]u]A] felH
E Y. Ay Fi Gie] BEF @Ay 74 HHE Y F Yo GHE AETY AZE &E
abarE 76k E /Y

-2y =2 W Hae dy =22 i Almrl 2A4E Ae] Bz 298 H4
zasld A% d9xdd Farde g F45 de]HE A% SR oju A=
B3 & 378 =45 224x2249] 37 E AAY

- 71% dele s} Al delEE FHIe dHolHE FHEY. 1Y dHelHe ZHA FIMAR ALEEE
Eaf 20174 2E 20194971x] F2H 74 HeolyE X5y Aln Helps mEATZEAM A2 oY
712 A4 DA AL Ho]lHE FHY. AL dHolEdA =W e HEE FEstd A 2
A4 AEE B 7] coles) gHE F ol AERE AAY

- =2 A4 Al Almst O 88 Alm de]ee] dlge] o l4stE SFEHLE o md HEHHS
BAslr] #3l RE AEUEH Z|HE AMEsld F 2YLY dely AsE sYstA FAAE

w 2HE 2dE 9§ CNN 7|9 £% =43 AptoML 719 2% =4

- oA E Bs] =22 F o7 223 E EF7] Hs NN 78 27 2EE ALgdle 53 #2

- oo FxdH AlexNet2 7]¥He = 372 CNN #e]oi2} Demse #H o] 2 AHA%. CNN #Holols AL
FA, B8, =Fct2oZ FHEY Denge dolos 271 1024 #elojz) 2 Feloy 29 dHeoloE: =
et HA 7

- HAE dolgel o)uAE YHoZT AL CNN 7]d 25 2ol 23 =23 F o)na glA32
5L TFen AZEW~ 5 E B P2 BE5 BERE 2959 delHE AYEEE

- CNN 7]5t 2% 2dg 2837 Haf 7]4 doleE Abedte] AutoML 7]dF =2aF o|madl i3
27 2dE A pycarst #7)A Y AutcMLE A&l o4z 7Ry £F 2dE g5A7)n b
EL Flscore® E23d 29 3718 odEsid zdS A

in
AL

43 EF(E.-ET: Y7, HHEET (2021) EERE 0|HE 223 ©HAE FE AutohLP} CHN F|8F ~ZE F2E 2l
11073, 14-20.

7 o2, EEREsEA,
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- Gradient Boosting classification model, Ada Boost Regression, Random Forest classification modelS 24¢
Esto] A= " dHolHMe] HAsd 2de AAH5H RERF oMA 23 ZERe EF5F

e =2 BE AT 8 AE 9% CNN 249 7=
224x224x3 224x224x3

%?:L5x64
I 3 ¥

W

Il Covolutional Layer
& Max Pooling Layer
Al {2 % Dropout Layer

1w W Dense Layer

o AutoMLS 53 St¢d BF mdd A4dE mde A

No. Model Accuracy F1-score
1 GredsnE: Bussing 0.9022 0.9060
classification model
2 Ada Boost Regression 0.8987 0.9038
3 Random Forest classification 0.8997 0.9023
modsl
14 Quadratic Dis;riminant 07633 07025
Analysis
Ours | AutoML's classification model 0.9083 0.9086

n AZE RE YAE Jv EEFE o|vA glaz EF 2d

- YHE 7IH T AHAFEE o FdcA 38Y F Ye AZE BE J[HE AMRY

- AR 2 AgEE EF 2de] Aot 2ol BE Bl BE ) vF AZE RBEe] o 4%

- CNN 7|8t EF ndg2 54 28 3 F A¥EAA FP7F AH Z2uF oMy #Hrd LELE
293 AutoML 7|9t EF 29 xF SiE o|n|xrt EEHAS FAY 71 HoHE dHEHEE =
BF oA A3 FEHPS €HFF /1A FEdlolHe o|uA et 74 HolHE Bl =2d F
E7t2 B9 22 AutoML 2 Fg&ele] AT

- BF 4y 22af o|HA gaart dSHe A5 2ARA Ade] Aaigk CNN Z|dh w2 HlA
g Heoleel oluAukE gy utou} PR 7S 53 AY dolHd 714 HolHE A AEsE
Aol 7t

W HdolE 7)¢ nELAEL 7 CAE EY 2dW

- UA" BdA B EASE YT =
o Bg Fobrt vl He. AA HolHE
5T AU 9ZF OAY EAL FH B4 AFFE AAE GA A
Folds B ng dZo] rhssld Az, wE
g Hdsim thEoE 34 FsE Ao

- UAE =29 TE BAS A4 AA 4w

o A mHFo| 7}
g 4 gL 2yl ohe} AE
2R, A, 4 2ok $ TFE gl gguol £A

44) J, 5. Kang, K. Chung, Ellen J. Hong (2021) Multimedia Knowledge—-based Brdge Health Monitoring using Digital Twin, Multimedia
Tocls and Applications, 80(26), 34609-34624,
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o N,

\ e

- HAE B4 2d 44 FAFAA AH AAL £4 5 oelugs B8 HA3H 28 rheT U0 2a
ZF HAE Ed 740 Zag fAE 2d deles AFFHLU Holg rRke 2dH ol B AY7|Rt

4 AEEeld 295 URe] AR s

HAE EdelA AEHE AlEdold Zled o4k Ak B, A& 2d, o4k AR 24 ds 2o

EAE SolEYE BdE FEHAAL, ALHY AHIT 53 ojdEe] S5 WIE A3 o4k Al B

o siStAIRE AlZEel] wEt Al2ES A dEH ez WasittH d4 Edof siwst

28, At 5 A2 o4k Ak 2d# df 2] £8E delAdgE 2dE = o Sls FolRY

T 24d& o4t Akl EEI dsG 2 7k HEEbE qlE el 2 ALs Fojor T AEHCAE 2

@ AL W dARAE B S lon, ek Avd ed g 234E =F0 Y

AA AXYNA $HD AL Folgnoss FYuY A0 FEsH, M s A% Be EAZ 9
2 ag B delE A4 sbsE AR g B 1
~98 £4, 34 B4, 45 UEE 3% 28 AT 442 Bas 3E 44 AswolA Helg g3
Ase A9, Y 4xH A3 Y &

Helel B 74 HAE EQE 44 B Axue AAERE $AY uclHg HANYE BE He
2dg S Yoz Adeld mdo] Hs] A9AZ] BT s HH AT A4 BesA
gric Aol dg. TASY deld Bde PHH7) SdAE YU dolHst Bese 923 29
gBA Bepels f43) ARTAE FHT S ge

Az FHolt 28 B39 ¥R 23 Zol 958 2A0] UAHE A4 o8 Rdat o2 oF
H AZE 4o BAHTE glold, Hold $AE A% A HE L GFel YT Age] 2o

% A%

HAE E4 =HgHa 7=

- TAE EQ ZHEHZAA 7 =9l E3E tAE E9E A
A AZE e TR AuE e 3k B4 2 2AAD A

ek

- B4 =He 3HE 259 o}d Identification parameter selector module, identifier module, adaptor
module kst = UL iF] BEEA HEE F A FEOH rHEE 2dE 25 AEHCA 2
98 =del B2 B3 JE BdE oj&y rHEd 297 g8 e A ¥EE B9 2ge 5%
e 22 AEHeA 7Y 2EE WHE o] EHo2A AR, 4FY LU HERE JHEE 2

Asle 29 4719 UAE B4 7|6k
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« A8 E9 TEE

Twin Generator Surrogate Generator
- fden'ilflc:t;ont . Hy|puJ:co_thetI:\lﬂca‘I:| | [ “Scenario
arameter Selector imulation Mode Gererator
1 ] Digital Surrogate
Data Data Pre- - Twin 5] Transdueer Model
Identifier Adaptor
Collector Processor !
t I I I Surrogate | |
| Twin Update Engine ‘ LiaaeEr

- Surrogate generator< ©|2A ¥4 twin 2dS 285t HdA ALES gAFo A TRkt AE|AE

AT ¢ A% B4 £t 4P A8k wet Axde] FuIL oA 9B AZste] TALL S
of Al dpe £= glor], Agdold wdel A4 Tk AueleE 483 A 5@ olg

& % g

Ef ¥ T2~

- IPS modulee] 7447 MBI wl} dolHe JHBAT Totste] A4 AxdT FUF 4L 7}

A== 3] 93 Hol= shte] i dHrlgHE AG%e 92E ¢

=d dA "oleld rlzsle] FEE a4 2d=2RE] PS moduledA] AARA fF w8 mebve et #9H
H "HeolHE L AgF #3448 44 dHeolHE v & et EHet t-gate AEEeld mdd A
88 5 =S dHolH HAT =Z=2A A7 T9E

a5 Al He ghe mEAgh dEgkd gsdle ke nde] E8a dAE 4S8 ¢ e 28 3
H dHol"gzte] AABAE detd 5 ¢le dHoly nd vbES H 89 70| Identifier moduleol™, = gl
B2 oofst FE o] AlEdeld Bdo] JFe3ERE AlEHold Bde d&¥ dEFH o9t EY TS
o] AR 9 e ¢JEAO| AE 2Eg A2E s Zo] adaplor EEY

-zl YR 28 RO @2 AAAA R 2o g dolHee] e AL Aold £EL

2dskE 2d AAE HFa dA A2ES fARE FEsle OAE Edo] [gR

¢ [dentifier 252 EY A=ty FHo|E 3HF

Yreal
Identifier

Hypothetical Simulation Model e © o
Ysim oy bS]
x(t) = Ax(t) + Bu(t) > g - g <
®@ o °
y(t) = Cx(t) + Du(t) i @

' .0 ¢

Update A, B, C, D

» B FE2L A9 HA FEH2HT
- dE7IEd T ew de] HelHE 4A drbesir, gkt £4 o] A3 Qe HelHE ¥

ofe] wie} JAE AR} Helo Ao/} EAF. m3t FAFE 2dE A dolEr} e W4, 2y
A e dHeolg b E2Askr] W&o fAbRAE wetskr] vk Agrk DA ol vilEd s
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2 olgsta] HoJEE AmStyT MAR S B £4 s

- HA % Ero] YAl dmdSe S dHo] 98 FHAHEL A EAL A= HolHE o
A e TZ oz BREFAG, uleEst EAdo] A5l Ho|H: A BES oHe. o] Es)7]
AMAHE HAE Zﬂltﬂ Wz ZEAHTL o] 8

- HA BEe Ak Awd tat iR A £ 454 RS T B A5 AAZHAHY
o 54 Amsa SHe AAS HlHE BRG BAE ot e WA FALHGL BHA
7 2o sEol 4% s AEL B ERY

- H7 Z9~HEe 935 nuE 0% Fuzzy C-means AR5k S8 A8 WY B22 719 FAAS FHuj
sata, S 28 19 RS Hdsleks HAY SE B YHoRE IubEQl K-means €L
=3 FAREAR 4 TP £ JhesAF 7SR E Albste #d el EAF

= YOLOY000E ©]83 |44A & dxnzls

- CNNE& 7[gto = ojulA] Hlo|EoA AAE &A|le] F:58+ A7V D= G ol & T d=l4,
2RI T Thakgl Ropo| A #Eskal 9l TS AA BA] dag]E FolA YOLOY000:= Darknet-19
Convolutional Neural NetworkE AR&38= YOLOVZ 7)4F AAgA] Gz Ze] -85, o= 7] & dakel
oA o] ASHT e AAI AA FdE Gz &2 YOLO(You Only Look Once)d] A= sHiA
712, WordTree 7]uF ol A]E 8k&aled 90007 ol4te] A & W A7 71538

- Batch Normalization2 neural network® hidden layerelld 48 H3Er7} 849 wjulct H3sle] a3
Aol A7l AL FAs] A% ¢xEEY. ol 8L dEs] Y8l mini batchE Fhvie] &2
2 3l Z mini batch®] B3 4S8 F8te Hieo] 0, B4le] 1o] H=&E A3E g 2E YOLO
o A== Convolution Layere] o3l Batch NormalizationS & -83}32, Dropout2 2-A 5t mAPE: 44

T A&
- High Resclution Classifieri= =¥e] 3t4& 2|k classifier?] input size resolution F7FA 7+ HHY. 7
£ state-of-the-art= ImageNetol| A AL ] —}ﬁ 298 AL YOLOS :3bste] i 256x256.1.C)
2L input sizeE 3 sk ol S5 Qs HEH = A8 A3te] & BAE 99 448x448E =27]

B %7147, ol =R YES AR sl AHE% SR olul Az YY), S-S S S ol
w79 527]% 23] el WEE =AY A HHsk ofele. o sk s YOLOV2E ol §
shel WH WY A8 AHE P2y, mAPE $4417

- Convolution with Anchor Boxes= bounding box®] &2&e|A anchor B2 WAEH F=x2=2, 7|& YOLO=
Fully Connected layer2 %3 v-&9 vlAE QX9 =278 &3 whde] YOLOV2E Faster R-CNNoiA]
Aol Agofgl vhekgh Ar] wko] dliding window WA, ol Z47) class9) regione] A E AHEslo]
=2 A 1:_9;| hox= /\]_ﬁ—g;]_b. anchor H]—A tgu-]g ,q_g%]-

- Dimension Clustersi= 7]& anchor ®t~E& AL§& o), vlx9] 7]4E ALEA7L Y2 Aeof sl EAE
dAdstr] 8l k-means S AEH P2 o g5k WEY. T k-means®] 712 FEIHUA A THE A
£atd wko] 7|7t S5 o &0 BopA= A¥el A&

o A& B 98 loUlntersection over Union)-& A28+ K-means A =

d (anchor, centroid) = 1 — IOU (anchor, centroid )

- Direct Location Prediction anchor ®} 71H-& AMES of Uehes o] EbdA S dj4dd mde] &
G EE boxd] xF5F yEFE AT i, 71 %o| Yephd ot 2& 53| anchor 29 A&
qE5E ¥ 69 0 Fhol 18 WS wef 2, ¢ == A, 8= anchor W29 A7|WHE o]FF. o=
anchor "h2=o] 9|7} ofulA] ] ofro|& &AY 4 Q7| == HHEg o= slid #e =73 A+
offsetE Qb F ol AHE A% g FAE ddstr] 38 to] el HAE ATelor &
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} K-means AT
x = (ty X width,) —x,
y = (ty X height,) —y,

- YOLOvZ= EAIAY A48} org ARRSta] x5, v&, box® &ol, Hel, &% objectd] &&3 loUs tx,
ty, tw, th, toZ ALesfe] 03} 1 Afole] grom YR & w3 lo|4e] anchor BH=o] x, yo| X7
of thshA] cx, cyE AHE S oldlwbe}t Direct Location Predictiong & AE= 3k4o] 7158

e anchor Hx2] YA E o A Wy
by =0 (tx) +Cx
by = o (ty) +Cy
by = pwe""
by, =Pi,€r”
Pr (Object) XIOU (b, Object) = o (t,)

2] Fully-Connected layer&

S8 3 ol B3 wsyE

- Hierarchical classification-& language databases] WordNeto] 4] ImageNet #o]E& 7142, ¢loji= 23
Tz o2l gly] Wil directed graphe] &AL AR Qe 7 =0 root wEE sH= pathE
AAsA tree 22 ATY A& WordTreeE o] &8t Hierchical classifications 3% adsh=
P FEY AN 7 A wruin Y SRR EFE B8-S A

- Dataset Combination with WordTree:= A4 WordTree& ©]8 3}04 COCO Holel @ o] &3} fmageNet Hlo]
B #o]l8e 238 COCO Hol8 #eolEe duaQl wolBe RoFms Ag|w=o 1]x%. ImageNet
dolE #olBe 599 AAF HolBe YRS Y2 w)x ot

e COCO dleolH #o]E= ImageNet dle|E #o]E& WordTreeo] =3tsl= 34

COCO Data Label

WordTree
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i 4 \ \ ./ r -
/’(‘\I > "\ 77N ‘f' N\ N f’h\\' [f E\, biplane  jet airbus  stealth
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- 94 FH= HelHe YR EokelA AR EI, 7] OE FAE AEsAR AR wevd A
A% AATeRE AAEE G FR= HelEe #AE HeEta, FaT 8 AEE FEFS] A
HA FHA2HHN Min-Max ATEE o8 94 Sd=2 9844 JH=E AT

» HA FHAH PR Min-Max Ai3E ol 5% G4 FHE dBAY = =24~
Data Collection 1 Data F-’rocess;ihg . Fuzzy (-I-iustérihg

Streaming Video Extracted Object
Contents Data Collection l

%@ TF-IDF Matrix Generation

v i

Fuzzy C-Means Algorithm

)

v

Fuzzy Clustering
Objecivl:()_’e're;::llgg Shift and Reversed TF-IDF Ranking Y 9
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* preprocessing with
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TF-IDF Matrix

Generation of

Re-construction using SR tahsaction dataset
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ki ssociation Rules
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Contents ‘,

Object Path Rearranged DTM using TF-IDF h 4

Ranking Table Association Knowledge Graph |

- A2ER Ay Fd= folEHE SFEste AXE A AFIHE YOLO00S o] &%ty 4 FH= o
Wﬁ"ﬂf‘i HEh e AAE BA 255, 22 HoHE &

- 23 AAE 55 TF-LDF mEfg2s A4 9 d4e AolE z#517] $5] Shift and Reversed
Min-Max & &3] 2=}st3, TF-IDF sj28 28 ] 7/435t Ranking H°] 85 A1

- fuzzy c-means YA EE 0| &5l fumy SHA2HFEE A fuzzy FH2EHlA Sojezgt A F
37 YT SEALY JPZTE AL olF BEl AAC O d4 =M oinjEEd AAE 7
oA, dfAY FFY AF=F THAF

» YOLO 93iz]Ed |45 A JE +3

- oA 2lAa3e AAE TS| HEA 6700 FAE FE2F. T FA YOLOWW dxeElEs 54
Frl=of] EAlsls AAE B YOLOSO g Else A7 AFE &= A =E YOLOvd B} 27
Yt S A A 2A 9uE2 Bl o 0] 2e NS SFste 2Rl sReEe

3 YAE A7 g wEt 40 EREA AEEE BACE S50 gEe] HA dolHE AA

roz 27 to|He 71 &shs HA FAF 6700 FY = Y 2ERY 7], 48 FG4Y 3=,

A A AMEE |0 A S 9 mini batche] 2], 2% YOLOGO00] &% =92 A, B 2% =

T, 232 A4, 323 A9 confidenced} bounding boxe] 7] Fo= 74
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- ZHlz 23 He[HelA FFE ALY s nefsiAR ZHd B YAE0] S F3ol A¥E R
27 HAEe] Ex4517] 9 &2 Confidencer}t 50% F]%kel ﬁﬂ% AAse Axg BES AAF A
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H. J. Kim, J. W Bask, K. Chung (2021) Associative Knowledoe Graph Using Fuezy Clustering and Min-Max Nermalization in Video
Contents, |IEEE Access, 9, 74802-74816.

s, ded, Ay, BAF HEE, YOLOE O|SE dH A 2= 2|ek oy BF, 2021 ERelSHsSEYI=EE StAIEs
pp. 27-28, 2021.
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o G Fd=2 27 HolH

Video

Variable Video 1 Video 2 Video 670
Video stream 640x360 640x360 e 640x360
Video file Jinput/nati Jinput/nati Jinput/nation
Path onal/0.mp4  onal/l.mp4 al/669.mp4
Trained 15.501 15.501 32,032
mini_batch I | |
Size
AVG FPS 38 38 38
byt crab
African y )
_ vertebrate pottedplant
person :
animal apple
combatant .
; arthropod bird
trainer
decapod cat
2 attendant
Objects crustacean = person
worker :
Pt axolotl tvmonitor
lifeguard ;
% nutriment keyboard
traveler =

edible fruit cake

Worman
vegetable

= Shift and Reversed Min-Max& o] 43 3 2 AAD #H4

- AT AAde A3 Argske ERA4AE Term Prequency’t R HA §v A8 SAs5t7] HE
G A2 F4sts AAY 29 e LA Z5 98 2924 54 44 =4 3gE T
#at7] #=f TF-IDF 7|dte 2 243 7 fo]| 8 AT

- Z7pe) |G 2d244 2% AA FEE gAL, BE8F HelHE Aoty FAEH A LY
Z2 AT ol FFE HoHE B I d4 S2dz2E ity 42 255t Docament Term
Matrix2 A< ZF Document Term Matrix2 BEsty =& G4 Z2d =4 gk Matrix2 A

- TF-IDF 7F=AE ALst7] A3 2 G4 Sd294 54% AAe sas 25 4 Bd2d4 3= 4
A 7 HAFE Assted Term Frequency x Inverse Document Frequency2 73]4\_ A2 E& Matrixe

7HEAIE Al

o 228 AA 2 o] &3 TP-IDF 718k Document Term Matrix

VideoObjc{:t african artitact attendant bird
Video | 0.002533 0.001210 0.010434 0.003530
Video 2 0.004726 0.004513 0 0.054332
Video 3 0 0 0.012675 0
Video_4 9 0.110116 0 0
Video 5 0 0 0 0

- 24 w2t ZF Terme] 71=A2 w5 §@5be] TF-IDF Ranking Table2 A4 71535t 44 2 g
= Zr = drttt AAE FEe7] Ao F4 Sz dost AeE =d Y 7t Sotskr] fE2 e
A QA7 vdstA 222 48 715

- AYdez do|it g2 9 fd2xs 8% A4AE sEstA A4 w46 dEel delit 4 9
Zdzd FRA H2 AAY 54 g7t dolit d Zd2EN o Hol gF%e A 4

- o|MA 2= tF v Jhed felvd #A FEE2 HE G944 S2dz9 do] HolHE o] &8ty
reversed min-max “g-12F )

[ s Y

o
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- Min-Mex NormalizationE ©|&3t AA| dol® A x| X EZE f49 g2 07 Aol vehd. Hdgt
I k] AHE BEE Bt Hlo|Ee] WHE AR, A 4 x| Wil x "4 F FH4HI ole
A= AgstE 4 fAE 07 1 Aol YsHE el 7%

- Shift and Reversed Min-Max Normalization2 EAME x2] A4 2 Hdghd ZF xdA£E wjo] & S 19
VA, 22 g 200 7R A BHE AR Ao 7t E
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Zdl =7} Roubs Shift and Reversed Min-Max Normalization 7F=3#1= TF-IDF 7}=%7}F A4k=
Document Term Matrixel] & &

» Shift and Reversed Min-Max Normalization & w3+ 2% Document Term Matrix

Object

Video african artifact attendant bird
Video |1 0.005004  0.002390  0.020613 0.006975
Video 2 0.009348 0.008928 0 0.107469
Video 3 0 0 0.25092 0
Video 4 0 0.217403 0 0
Video 5 0 0 0 0

- Document Term Matrixe] 7 @ole] 2l& B7a7] el g Ade) /53 e AR fata] gojo
FOTE AFH AT o FRE NYALL AR JEHOE TEDE /19 29 Hol2E 44

o TF-IDF 7|9k =9 Hol&

Rank Object Score
| africanelephant 40.006615
2 car 37.933949
3 person 34.853192
4 display 20.685892
5 icebear 19.845954

s A@A A Tz FE5E A8 9HA 24

- Shift and Reversed Min-Max Normalizationg #&) A4 Document Term Matrixell= 2 7oA A A
o] F8E0 ME JEE FRI EAG GF Tz FAo ulel &9 Ad 2 A4S 3]
E3lol| A Ao dgsr = 9l ojnA FAFe] FAE F287] A A JY== 44

- olmA gAa=d el ofvjwsd BAEo] AT Fuzzy C-Means Clusteringe =2 1) =Zof #-88l«
ol w535k ol wl~=e AAES dobgk Fuzzy C-Means Clusteringe 0 == 124 ¥ddle 3843
&3t Hard Clustering 7]% <] K-means Clustering=} #}o]7} &xj¢. Fuzzy C-means Clustering2 2% 3
e 7} E82EHo £8 &S 0-1 Abol2] gt o838k Soft Clustering 71"

» TF-IDF Ranking Tableg 23l =543 DIM

Ill?.dlnll): 1 2 3301 3302
Object Qg{;‘lf;?t car e palisade perch
Video 1 2.96898 0 0 0
Video 2 2.75519 0 0 0
Video 3 2.66425 0.0178 0 0
Video 4  2.32706 0 0 0
Video 35 1.88796 0 0 0

- 670/0¢] B PR A FEEE A7 FHAEAT, DA A THL A TY AolE FESH olE
7o 2 o] 715sky, Fuzzy C-Means ClusteringS 913 Document Term Matrixell A & A7} 2
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AANEL ¢4 F28 oF 3302712 AA FolA 2@ H%r) 22 A4 A9, s 4A7 SAst=
G Zelzo] DM 8-S A9 r)x] gidg do) 002 &

- BA8 S 288 5 BA7 9] mid BE G Zulzda F5HoE TAe AAE A4l
o 3,302712) AA Fo| A TF-IDF Ranking Tahle®] 9|2 53] Document Term MatrixE A+

- 4¢] TF-IDF Ranking-& 7} AA 2] Z-9- 819 TF-IDF Ranking A A < wlsl] 7153 el E@ri= AL &
T Q. 749 2%°] TF-IDF Ranking®] AAE ¢l4sly DIME 43t Fuzzy C-Means ¥3& 7+,
fEEUd A A& Pe R S 40 G 2z ko] AYE Alddsle] #3E 49

» Fuzzy C-Means #4& 912 AF H-Z0¢ A

- Clustering Centere] 7)< Total within sum of square& ©]-&%t elbow method?} Silhouette A& ©]-&3}
of AA43h Cluster Center?} 2¢9 o, 7P 48 Silhouette widthE 71A2& HF o= Cluster Center?
ANrg 28 ARG o1F F 670719 974 dolElg S HT AR AP

e Fuzzy C-Means -3 A3} 43}

Cluster Plot

Cluster
1
2
3

- Puzzy C-Means 32 A2bsg 28 zoA= £ £ /A9 SY2H71 448, 2 94 ez gk A
3 ehlla FesE9] Mo] e Fe, FEAE sY 9 E=r =3

47) H. J. Kim, J. W. Bask, K. Chung (2020) Optimization of Associative Knowledge Graph using TF-IDF based Ranking Score, Applied
Sciences, 10(13), 4590-4610.
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H 3 2d 7|5k ojdlx] Ad &3 R AFY vd S€H/5 A48 A4 98 T4 % &7 =98

O3 2y A 249 G4 Ad $F 43EE AN
- A 2 A AEE B2 gte= ddsld AAE FojEed Hr)e ds AT =022 B4 =
B2 AEHLE B2 A4 EE Ugdr] dEY gg 2ds 5% AT FAoE 24F =7 &
TH. §7] 2ot g4 AE AHIE §22 o+ od, neja=e 22 448 3 de| nhos 3
'|_

sjek 3= A4t FAE 7

CHANNEL EXPANSION

[}

YOLO-MODEL BREAST-CANSER
DETECTION

|

LINE-SEGMENT FEATURE
ANALYSIS

Histagram equalization Brightness range adjustment Spectrum division

Dimensionality reduction: Ling-segment Feature Anatysis

Edge dstaction Detection Filter

"
ﬂ—-‘ﬂ"'l o o o r FE—
Pimensional reduction - S -
s -
i i -

RMMN-model [earning

Create 1-D array |

-OF 22 7ld A AE &4 2 NG Ad BEY Yy Ee AEE A 23 B8 257 Ea4s
AA 49+ AR 4T o2 AA F|HE ALty 2 B4 ©f HAHEEA AT

v o|F|A AAE AFEr] AT A B TEAHE

Breast Ultrasound Image Channel Expansion Process

[ Spectrum division i

Expanded Color Breast Ultrasound Image
channels

I- Brightness range adjustment }1

#  Histogram equalization =

- 8348 folelE YOLO 2de] AL AE Ase #4FE. A2E A4 942 A ABE o)&F A
TEE B8] S Fo]HE Aested RNN Zd] O d8es A&T

- olmA Ad B3 2 AN E STy 94y xo]=2E EHAFLE AXSy JE AAE ZFEss 4
< 53] YOLOY A& des #4¢. A4 Z3L 328259 A3 947 39 238 5% 897 %
2, dAXE BT g7 29 ANE FE FUEY G4y %) 25 3 A3 E 9

- gAFE 0-255 MM JAF] HEY d¥Es A& 2 fdey g7 d¥= NN-D/Y #Hd=
oA detEe s weEes FAE HadA Hd g8 3852 AdE 8] 228 %7 g2 4
A48 ~HEY F9L8 ALEEe uad

48) G M. Kim, E. J. Hong, K. Chung, RB. C. Park (2021) Health Risk Detection and Classification Model Using Multi-Model-Eased Image
Channel Ezpansion and Visual Pattern Standardization, Applied Sciences, 11(18), 8621-2640.

_83_



¢ 37l 28EY £ e YT

Algorithm 1 Brightness Spectrum Division Algorithm

Input: x
def Extraction of Feature:
LABEL =[0,2,4,8,16]
SPECTRUMAREA = 255//N
fori from 0 to LEN(LABEL) do
5 = copylx)
S[SPECTRUMAREA xi>S]=0
S[SPECTRUMAREA x(i+1) < 5] =0
S[S != 0] = LABEL[i]
S = ((S/IMAX(LABEL)x255)
Y+=5
Output: Y

- B Al RE clulle 9E oluNET o 2% AAE BeEH, o B doin 29 W) o
So] BHEA TEE. DAY Ad ouAE YOLO B %S FoleS ALBE™ GabolA A AB
a3

 ZHH F48 ANEY ATE Y 223

- 18 FUEG o 25T AAE vt FaE A 99E AT HE gis AE AToE 8 35
T 240l gAY ot ErFeT ARY B4 Al &A% Yoo RE4 HAYSE TR 95
Al olmlz] 2 49 RNN 29 Shgs 29T

- ENN Z7¥E Azt AEE olas AH3E fu Hig 53 20 2dE 2185 YOLO 2dE 55 Y38
AL siE HAE A YHRONLE 23 FZ2FH AP A" A HEHE AR oR]Al Y
Aadd AEgE dud AqEtd Heom wEgh oz Afetd HelHeA fEE E/37] $1% RNN
2do 8oz AMEEE NXM 182 Aoy

- YOLOE B3] A/¥Ed 94y & ZAF 4228 o845 FU93E 53 2 dss 7393 g2
W] 2718 WA £ 2 AF B =o|E AAE FUF oA 27l NXANE 2T T 0 o7
2718 58 =2 =FT

e olp|A] 27] =4 B 7R Al A5

Edge Detection

Noise remaval using
labeling technique

- A 94T RO 48 kol= AAE 55, 03 &% FEE 7Y AdE ol &3 Fae A
A F4&F 95 =9 FEHE =93] H5 228 A2 TR NeE duy ¢4 HHoz A}

=
W EHET Y HE el ARE T HAE 29
- YR Ay kol= AAE A AAE olu|AY RO §l¢] 92 oA &3 ZA] FFAA olu|a&

]
AR &2 A4F 3 o12E AFE B5 Ad=E oA vEhie AL HF Ze kol=F HoES
CIFE B9 HFY xol=F AAT
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Algorithm 2 Labeling Algorithm

Input: X
def Labeling:
A = X.copy()
H, W = X.shape]]
pPut, labelNum, LABEL, CHECK = [], 1,0, False
for b from 0 to H do
for w from 0 to W do
if Alh, w] is 255:
pPutput{th, w))
while LEN(pPut) >0 do
CHECK = True
n, m = pPut.pop()
Aln,m]=0
if LABEL in labelNum:
labelNum|[LABEL | = labalNum|LABEL | put{(n, m))
forifrom (o3 do
forj from 0 to 3 do
if Aln+i, m+j] is 255:
pPutput{{n+i, m+j))
if CHECK:
CHECK = False
LABEL +=1
Output: labelNum

- N4 g Qde Mo s WEs) i 94 =ho= 2UL AUY AF ARE A4 Y
AR AolHE AYIE 7)E 242 ARY. 9P BHE A4F 3P BAE Y4B AUL S
e o]elx] AA2E o]l AR AT BAH G FYoz ALY

- A wWEHE Agstd AFHE U5 Az AR 99 24 Aoz WP o=y 44 B
S0 AFEHE 24 A& I#
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3. A7 gAY 3 d7 5 5FE B84 AE

D a7y A5
(D 394 d7ALY7

B Calaborative Concet Layer® ¢]-2-% 3o)HalE de-2g g]'d AeBpH

- Collaborative Concat Layer(CCLI2 w2189 71H8E & d502 BAL 2435, 24358 Jehds 34
£ o] &3ts s Adstaa, Woketr] o8 4Ee s Atde] ged AE-Eg s ¥dE COLE 4
g3y gE-¥2 342 A5l AgE B g

- 748 AS-¥2 ¥4 CCLz fFEHEE 9, 7)1 ¥422R62] A% 7 A= Od 451
g, AErE 44 Hole]E S DNN AW o2 yde] At @3E &85 o, Acquracy &
= W7 Adald 7 gy 1% oY ds9st 2FE =&

w3io]BaE WE-2E 92 Yoged @ ¥yHsiE % 29 3T

................................................

4 = i S
Korean National Health —L-[ Weights Matrix ]
and o :
9 Nutrition Examination Survey ’ { Variable Information ]
: e, ay ; Depression i 1
The Mr.dlcn! Exammalmll ]nfor_lnatmn 1 Prediction Model |
Sex, Age, Height, Weight, waist, sight, BP, - ~

Diabetes

Iniglycende, and ETC iz
— Prediction Model

i '

Labeled Blood Test Information
Input : Age, HGB, Total Cholesterol, HDL Cholestercl,
and ETC.
M S

4 R
Labeled Blood Sugar / Blood Pressure Information
loput : Age, Systolic pressure, Diastolic pressure,

\ Fasting blood glucose, BMI, and ETC
3

- AEwrlE #H§ "Helve FRAZEGzA, ARFARNARE, FFIAGA 7 dgEdHely, F7tA4A7
4734 do]eE AEE. ] Helge dite]ls Alg qREe] AFERL0Y g8 sREHE dFeEE T
A, FNAZEE 7IAEe] 43 FFR ASEE d7HEE $5F

- olnjal W mlaHe] g Sus 9 @A) MM HR 9 sAZ 89 IrhAAEz gYEE
¢Ee Tk 2 gy 9 89 2 AFESFE 9)F3 089 S7AAAR 4934 de"HE
g FA H+]8 2 @R € fEgRd 4358 HeE =F

- & 9 iz Moz «Zozx g9 FA HoHE BEE figtAs S Xde] FHAAA AEEY
a2 582 1¢l 128kl 2d FAF AEE. UPAS HZE Hog JELE AET 0E F8 A
2] DNN 92 34433 F HE333 98 A8E A 348 o fe)ez2 AEHe 842 44
A AR g g9 A4 A 25 3UR EFE AEE

- AAEAF & 2FL hput(6) x dense(fd, relu) > dense(Bd, relu) > dense(Bd, relu) x Cutput(l,Sigmoid)
2 P44 epoche 10, FEB== 07202 e

- Cerebrovascular & 242 nputid »* denseld, rely) = densel§, relw) x dense(s, rely) > Output(d,
signdd)® 744, epoch 59 o] ¥d2] AL =E (.73322 Uetd

Heart Disease
Prediction Model Ji

Anemia
Prediction Model

er Concatenate Laver

=
[
—

Hypertension
Prediction Model

Multi-modal Healthcare Model

Cerebrovascular [
Prediction Model |

490 ). G Kim, K. Chung (20200 Hybrid Multi-modal Deep Learning using Collaborative Concat Layer in Health Bigdata, |EEE Access, B,
182458182420,
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- anemia 9= 2E2 InputB) ® densells, relu) X dense(lf, relu) X dergellf, relu) = Output{l, Sigmoid
2 T8 epoches 20, AETE 07622 e

- 8y 29 doles 1009 7R Row®E TAES led, o] & 60878 22 ghgel Ahgsta, 5 20%
gl 2F 129 71 validation He]EI= AN ]2 Z3] 27178 DNN 42 2Ei%x, THGE A4
old] "Bk © BR FHAL A8 R HE ] G20 B3A7F gl HeldE, o], BMDE H¥EE2E AR
s 7t 2 FdEA A &5

- Bx g5 2EE Input(f) X denselfd, relu) X denselfd, relu) » Cutput(l, Sgmoidie 2 744, epoche
5 ARz 096002 Jehim, mE"st 95 292 Input) X denselfd, relu) X dense(Bd, relu) x
dense(6d, reln) »x Output(l, Sigmoid)2 2 F4F. epochs 10, A== 09712 e

- YRGS AL dolHE AR AIELE B8] 48T 1048878 AFEEle, Y2 AEE HAA L 70%)
#HFEe HolHE B4 T g AREEln e 3146708 Hrle) AlggoeEs f4F 42 mdl
A% &F 95 2E2 FH9E, £49 95, 2Ed2 A U 982 2&4FE 92 DNN
TZolle]r, Input(ld) * denzelfd, relu) % dense(54, relu) ® dense(fd, relw) ® Output(l, Sigmeid)e =2 F4
H. epoche 20, AB =& 09562 2 Jepgd

= CCLE Concatenatedl= W=} Fully Connected® Concatenatesh= Wi 2] A8= 70

- DNN 292 CCLI FCE o]&3le] N-CCL-M, N-CCL, CCL-M el 2 Concatenatedle] A% HE|-Bg
A2 mEo] HeHEH7E AW

- A9 12 9¥Es wiFt 2AEY A4%E s, N-COL-M HHE 9L A43S o A8E HEE
HrEtEAE, 2Y 2 99y vt BASY A%E APEste N-COL, ¥92 222 d4de o AF
= #HsE @y 49 32 CCL-M 34E AR ol B2 494 Al H=o] dehibes #d] O
Accuracy =& B A0 Ee SUDZFERA deolgd A BaAolHE e 3146702 ARt
7} Fully Connected 24 2] Concatenation2 35 o] gasie2® ZAMfo]e]2 AA2EHA 73d2He =
Ur fes g 2 49HE 108 shEdlY B AgEE Hog

s N-CCOL-M HE-RE 82~ zd
N-CCL-M Multi-Modal Model
(Sex, Age, SBP, DBP, FBS, BMI}

| Hypertension Madel |

Er

Diabetes Model
[]

{Sex, Age, SBP, DBP, FBS, BMI}

[Hypertension, Diabetes, Smoke, stress, PHQ, .. )|

Depression Prediction Model

- 28 92 2, 2= 45 229 £F ¥ PHQ LEAE AAE B8 #2322 953 N-COL-M &
g o7ide] FE-RE €2 mHEy A Wi F¥He] AP St 2B ARE UAEL 3l AE
F4 92 = dEEg0y Ay €Y do)e] £ Fully Connected layerE 235 A& 422 73
e olo] it ¥ AEAE, 2w 42 mdy 2y A2 S [ R B A A
& v)mrt @3d

50) ZFE, ofE HajT e £z Hala ajojof 7[u sjo|a| = WE-2% Hed, Ho(oetn FEe e, shimelg 202012
His 87 i



. Tt 49 19 2%

Models Accuracy

Variables All =stress | -smoke i
-smoke

Diabetes 0.956 | 0.656 0.711 0.574
MM N-CCL-M 0933 | 0.874 0.891] 0.859
MM FCO 0.651 | 0.434 0.472 0.394
MM FC30 0860 | 0518 0.536 0.579
MM FC50 0.942 | 0.665 0.681 0.596

e,

= Hgrt 7HE AH Y-S B8R, -stress, smokes= 72 MR dESHoE PSS e 4 2
5L wE-2g 29(MM), BEpoch S4(FC n3)2 epd
£ 239 Mg 89% oA FASE oW 4 Hae A& A E Eveta dAde® B {9
d5%. FC AHE- 298] 72 Epoch g3} #ste 7|& 2d7e] AN Eele] 7Hedh 2384 25
7Y e Aw AMErE 24 JEg. HE-R2E AMRo R Alg-2Eef H|F 52 AZAH e Holw, o
BAER] g T2 HFE ZEF Tge] 7HEEr] gEY. et == g 2 27) 7HEA] el 93 F
=3 a7st Helsrt 2ag BA7F 245k FC 718k 293 22 CCL 719 295 53 foejd A%
FA17F 7he s JERE

B R (e e
43

Lre = e

« CCL-M ®El-22 g4 29
CCL-M Multi-Modal Model

PHR / EMR /PHD

}
CCN

!

Missing Input Value Prediction

|
¥ ¥ ¥

Diabetes Hypertension | |Cerebrovascular
Model Maodel Model

- ARAEE FRIe® F4 2del M WAk EFH HAE 7HesHA Sk CCL-M 7R ’E-22 29
- F A 4Ee B, 3ERL HEEREE Ed F THAY Aol 22HAE 9, 7R ARHE 2 R
2EEd A E3E 58 299 ARAH S Wt

« BEW7 AW 29 BH

Accuracy
Models : : =
Diabetes Hypertension | Cerebrovascular
Vanables All -FBS All -BP All -BP
Single-
MEE 1 0.960 | 0.711 | 0971 | 0680 | 0.733 | 0.571
modal
MM N-
e, I 0.960 [ 0918 | 0971 | 0.908 0.733 0.674
CCL-M

- Variableso] 4 -FBS ¥ -BPE 217 HH¥ % 529 @LEA 471 5= dold A8 ord
- R AW 14 AE-ET Bde 49 19 KR 9Euss) 2SHE A% See] 27 U
¢ AEFe ARAET Bd o B o= GAToA 01% AYET HASH, CCL 7|9
qEo 71Z 2do Hx 57 Pe9e Bl 29 BRwrl Zobge] e aTEE fass) 2o
= a0, AEge] DYkl 2de) Hko] ST delEe PR 5 YL
S

A



s N-CCL Hel-2g 42~ zd

N-CCL Multi-Modal Model

{Sex, Age, SBF, DBP, FBS,
BMI, HGB, Tchol., TG, HDL. and etc)

|

s
| Hypertension Heart Disease
Model Model
Anemia Cerebrovascular|,_ |
Model Model
Diabetes
i
Maodel S 2L
{Arthritis, Tuberculosis, Asthma,
Dyslipidemia} Prediction

- 571 54 93 pde] 294 Jdos A5 o2 Ay 45 2d@EE, 29, 3, oEAAEEE
A2t N-CCL 7|4t E5-g g~ »d

- A WA dEEste N 292 288 FFLE AMEEH COL 7192 oF 37 g2 "He-22 A%
A Bt A9d

» AR 29 39 A3

Models Accuracy

Variables | Arthritis | Tuberculosis | Asthma | Dyslipidemia | Avg.
:’[L\i]:; 0914 0.894 0.876 0.921 0.901
MM FCO | 0.684 0.657 0.778 0818 0.734
MM FC30| 0.860 0.889 0.852 0.892 0.873
MM FC50| 0.936 0911 0.878 0.957 0.920

- FG 75t 9% we] CCL 7lute] d&e] W WEA o= 0028 A% ¢ Uehd. I2u FC 7w o9
% iy ABe] A% zdo| Frlge] Az H7] §8 27} thgo] 27 HH Auge] Wi Gel 7|
z 8¢ 29 A7 oEe 94 2AFY. 9 CCL 7| 4= wEe] A U=HZ Fhe E 5
= Hzd 09 FEE B9 29 490 o|SolAH 271ael S sAo] 2FHA Qo 2las Ao
HelA Ad =A%

Ay A A E dEsle AMRA 242 d2 ZEeaM CCLe o|&8le dWie] © Ildsld 2dilg
Concatenation V&2 Yebd. &3, Hde®Erl Ax FC 718 & @R dese AR 4 gom 29
B ds 7E ®2 AL #liar AARLE ford BEAE olEYE 7 lee YEhd. CCLE F3] 9
% dx o2 zde i3] AAl8T Concatenater} oldo] ¢le-& Urldoesx 7]E2 Held zdEg o
Ay 7 es ddsle solEa|=s HE-BE Y|P 58 A4 ALER A3y o g F5E
A Zde AL 5 A=

CCLE di% =& AREs UghyAle 249, F71 Fgolu 24 gle] 82 Algo] 7ted Axo] s
=5, Fa FdeirE Wty FaA s Bage] dF HE5E B8 dese FEAE 5 e COLe
parameter$] weight matrixs} vanable information®] HH<|EE & AI= o] 80, A= H5
7b R Wpgte] AR 2218 AL 2AAE 1A 4 g BA9] varable informations] YE
Zr Wpe] W RAdc e pAE HeolHd 2f HEe =, ol A4 AR o 28d ¢ e
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n AHA FE P wE 4587

AddlelH & HWE-E4% Denoising 2 E9IFZ, K-nn, SVD, column mean(c.mean) *H{ o2 AHzsta, old
ool elelE R TSD, e HolEE FUT MY Fm el Agstel 4UNE BUe 9o
- FRIAZYSRA dlolEE AAESt 74 1468872 E&Eta, dole] 70:10:209] Ho|HAE EEE
ol A7 gk, Ao, HAE Al AL

a5 dlolele bzt mRlg stz Agstn FEdolElE ol8dtd Hrekh A" 2ol Y
o] g3t el A&z S A3 HAE HolHE F4. HAE HoldHe P92 4572 445 =
o]z 291 0.05% 0.30 B WelA 0.052] xtHom Ay, =g} Y8 dolEe o 3L APs)
W, A& e 98 dolHit v E T3 23 A=E HIHE

[ e

o A5A F2 Yo me dert A3

Missing Values Estimation Method (Accuracy)

Noise

SVD K-NN ¢c.mean SDAE MMSDAE
factor

0.05 0.9142 0.8901 0.7144 0.9675 0.9617

0.10 0.8941 0.8764 0.6751 0.9619 0.9571

0.15 0.8595 0.8490 0.6214 0.9556 0.9459

0.20 0.8012 0.7907 0.5451 0.9458 0.9345

0.25 0.7427 0.7242 0.5048 0.9321 0.9217

0.30 0.7019 0.6726 0.4191 0.8790 0.8610

sl | &89 FF=E Jehda, o]z 203 A
Zz2o0] 714 Folm3l A= JeEhlH, o]= o]z Q¢lo] o= 7

Al M Ty sk dlelEel me} SEe, ARt o] MEshd, BE s e o
AEFe AYgens nde Bg4dE £9 nHlu 7JL1} TEAE S ARE A3l EXH?S"
duE|Fol Atwe] FobA o2 HA V8T wo Zo] "WolAr] wEe] AR ourt gEehA o
YT BAIE Sl miet AREY SR AP B iR 4EEsE A E dolE AE
= Wete] 54E B4t AR ¥l 2 As7d FAske AEA We TAde] 8%t
AL, T fEAE AHSEte et SAE EAsir, A7ke] WS o83 He 28 "HE-EY F
olH&2 Agstr] mEel, AR 71N "El-EE HelH, 3 7wt WE-2E golE, {76k "E-X

2 delH R & 3o HE-EY HlolEMom TAF
AP 719 dEl-29 denoising 2= ZE|(SbM DAE), clustering Z19F HE]-EY denoising 2LEIF Y]

(CbM_DAR), hierachically structure 7|¥+ HE]-22 denoising 2 E % ZHHM _DAEC] 33 2dlg A4
sl A Hrrgk
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o 54 4 el mhE dE-2Y dHely 4

National Nutrition Survey

¥
Variable Feature Extraction
I
v v
Similarity Clustering
| Single Modal Configuration I Single Modal Configuration
Multi-Modal Data (SbM) | Multi-Modal Data (CbM) ‘

- AR BAL fFEe] AR ok ARTAIUA o AREAJLA FAdste Wield, -1REH H7A R
veh e 19 7}77}%%‘—% AR R YR volrhiE @Alela, +1¢) SRS MR AL Yo s
tolzkz AL b m, 00l 7Es ARelA vlAlE YIFRe] AE

- Hoj& ARAITE FHe] Fdstn i%i%ﬂ.gi gzl gl Aol He AR Ay FEelA
A7t 7k MFES TR oE FASHY, k-means GuE]EE o] 311, HA| TR e Eate] 7 FL
o] kzks Hag

2 IYAFAFRA NN FYE S22 BERE H5ES OF52E = PHod, /1 2d
Holz 71BAH F3 dnELE TH Yoz 3 Gl

o dio]E] T e FE-EY 2B

== Simlanty based Multi-model S =L
i I
|
| ’ SbM_1(8) | ‘ SbM_2(8) | SbM_3(8) \ ‘ SbM_4 (8) | ‘ SbM_5(8) \ ‘ SbM 6 (8) I ’ SbM_7(8) I ‘ SbM 8 (8) ’ ‘ SbM_9(8) l ‘ SbM_10 (8) 3
] I
! T | T T — T — T T T |
] | ]
} hidden (4) hidden (4) hidden (4) hidden (4) hidden (4) hidden (4) hidden (4) hidden (4) hidden (4) hidden (4) !
| ] } i
| |
| merged hidden (40) ‘ |
‘ |
| — |
i
i hidden (4) hidden (4) hidden (4) hidden (4) hidden (4) hidden (4) hidden (4) hidden (4) hidden (4) hidden (4) i
i
i ]
i \k SbM_1(8) J ‘ SbM_2 (8) ] | SbM_3(8) ‘ | SbM_4 (8) | \ SbM_5 (8) I ‘ SbM_6(8) I l SbM_7(8) I | SbM_B (8) I SbM_9(8) ’ \ SbM_10(8) | |
L |
== Clustering based Multi-thodal -~
! 1
1
! ‘ Clusterl (12) ‘ Cluster2 (11) ‘ | Cluster3 (11) ‘ ‘ Cluster4 (12) ’ ‘ Clusters (12) ‘ ‘ Cluster6 (11) ’ ‘ Cluster7 (11) | E
! ]
| I I I I I T I i
| hidden (6) hidden (6) hidden (6) hidden (6) hidden (6) hidden (6) hidden (6) E
| ]
| - - - - - - - H
3 |
4 merged hidden (40) ‘ i
l} | | 1
I T 1
1 ]
i hidden (6) hidden (6) hidden (6) hidden (6) hidden (6) ‘ hidden (6) hidden (6) ‘ {
1
f ‘ Clusterl (12) | ‘ Cluster2 (11) l l Cluster3 (11) | ‘ Clusterd (12) | ‘ Clusters (12) \ [ Cluster6 (11) ‘ ‘ Cluster7? (11) ’ -
1
|

- 9E-23 HelEls P S8 vhekd el don, AeEste B dE-2Y dolE FA Wyl
zdle] B Hli= ¢dlo] L8 Blo|slm, T vieksl gma=e HLL E3F dHo|ge uwE ¢
nEEe] ddo] daghs g

- A= Z]8F ol AL moj AgA|SE ALgst, @inlEhA] shule] Was
o] BL g2 aFom Row, My W2 Aswn =
e AR Y 1079 g o® A

- k-meansel A kghe Bk Aol M A veRdE 72 ke 2 AREE, HF SN 4
o] 7dg), AZZANHE)S o] dlolele] ehde] wpe} T4, Sle] 2Feg FAHY, 3E

2z 9" s



o ZAle g MoE i gl WL o THY

- dolo] SIM_I® AAbE Ak el dolHd A 181 89 ddwrs} 9 veha,

- 9H-29 emqlmrdA Mee] Ty wel AE s £E AT 2AL TE FAT A4
#5h1, 9E-RS Denoising LENTAE 4Z-BIelA HE dolelg 3% A, 4o 4=
a2 FEE Aol Baste] AA A +8 23T

e FE-29 dencising &1 =H sk 23

SbM CbM HbM
Parameter 5.032 [Parameter 6488 [Parameter 4,790
Noise ) Noise Noise
Factor Accuracy Factor Accuracy Factor Accuracy
0.05 0.9601 0.05 0.9577 0.05 0.9617
0.10 0.9559 0.10 0.9510 0.10 0.9571
0.15 0.9412 0.15 0.9426 0.15 0.9459
0.20 0.9313 0.20 0.9312 0.20 0.9345
0.25 0.9209 0.25 0.9241 0.25 0.9217
0.30 0.8497 0.30 0.8550 0.30 0.8610

- gl HE 2ERIFEHe ¢4, 3e, 9 oo A uEl 23, HbMe] 7 AA Jehly, =d
2] HA AL 712 AL Ade 7S LIl

- o]z @le] ME PHE oA HbMel 7HE S5kl Liehie], SRAGYYE DA TR Classr} 4
A Fere mestel TS0l glo] the mdd] uls) F& PRl ehds A0E 3. Clasyt B
sl FEHEA e dold AES PE wgE THY FS OE Ao} e ¢ o

«34E AnoGANE F® olnid gxze] Ui ol $Re] U A%E7RD

- o gl2A2= A4 2 AdE 2498 A9 AERFT NormalN), Supraventricular(S), Ventricular(V),
Fusion(), Unknown(QE 7]=2.2 He|HE F4dota, dAdlsty md=ste] deHrt 4]

o Sr&tolE e} AFH e He| +A4

AAMI Class Preprocess Data Train Data  Test Data
Normal (N) 86717 85717 1000
Supraventricular(S) 3026 - 330
Ventricular(V) 7008 - 330
Fusion(F) 302 - 330
Unknown(Q) 13 - 15

- 2l SANA S5 A dolEE A4l MEe nomal(N) ClssTo® s HolHE T4kl A
25k, N Classe 2 86,71771% 85,7172 3tg HolEE AR2skw 1,0007= AZ UolHE 283

-G BRAow FHYT AFdelH Mg B 15 NSAA 100074} S, V, F 9~ 2 330
A, Q 2AAE 1R FAsHE, dolee] nlge] %A gkw P dolee] S7b obrkd st
A WYL FsAe WAY

51) D. H. 2hin, BR. C. Park, K. Chung (2020) Decision Boundary—Based Anomaly Detection Model using Improved AnoGaN From ECG
Data, |IEEE Access, 8, 108664-108674.
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£ 2o 9§A) Epochd] g mde] J@= Fv

- AR5 HEEd ASE HA dHolEY o AFsHA ERE HolHY vleold, R ETH(dass
unbalanced? AEelAd 279 FHeE AASHA wdsk= 5= AHSh True Positive(TP), True
Negative(TN), False Positive(FP), False Negative(EN)Z 45987} 24F 283 Dedsion boundaryZ 200
o7 Aysti AsHrt 482 Y

TP+ TN
TP+ TN+ FPTEFN

Accuracy (%) =

JRACY

O T

EPOCH

- Fpochdl] ™2 A<kgk 242 10 Epocholl A 714 &2 43 EE 7HAH, shaol AP Da5 Eiksl 450l
Golzitk #ex7] wjEol Epochell 7125 o¢A B=o ta Fa=7t v H7Hd

- Agw HrEE 8] #HalewEy 79l KNN, One Class Support Vector Machine (OCSVM), Autoencoders
(AE)9} ge]yd =99l CNN2 F§ ECG B/ =4, o)A 2Ad AE-H+E ded 2449 GaNomaly, 7]
£9] AnoGAN zd& vlmgh

- AjlE HAbel] ARE-$F A F+= Area Under a ROC Curve(AUC)®} F-measure= ARS8l A 5H7EE 718h
AUCE Receiver Operating Characteristic curve(ROC) A E.9] "H Ao el & olr|sid, AUCE 0~19] I
2 JHAEHE ld ke Z25E, U BoAAT Boln: WeolAm®E Aol F. Recald
Precisionzle] 713 g2 <l #AZ Lol JFAHL vehfie =4 F-measures A3

- CNN=} GANomalye= 2 A4%2 Yepl AT g 2 g2E A43d A 2tdgls dolgr) desids o
He| glai, A=A mdo| r|Ee] AnoGAN Erf 0.023, 0.0231 F5e gHdE AUC ¥ F-measured] Z4E
Hel, decision boundaryE A3 ¢l mdy] AHE 5 22 452 Ry B45

L L =0 "= Q

= ECG Datacl A o]y €A As)

- AR olnAL FHel o|nAY Fo|Z ulwslH o] ~x3o]E FellA decision boundaryE 4GS},
oA EFole F 7 4T deE &

Anomaly Score = [1— X)) » RLoss+ M » DLoss

- R Losse Generator?] Residual losse]™, D Losse Discriminator LossZ UER T, A& 7]1€ AT 3
A5t JsH7tNA == Al 71 8874 J52 Hol: 0.1, nomaly scoree] decision boundary: 200
o= A3ty AL [

_93_



2924 Input Imagex)E AHE3IH, Generator(@el A ov]A 02 Y84 Latent Spacez)E Faf AMAE
2443 o|m|A|(Generated ImagelGlz)st k2] 2ol & AlZtEkela, ol Gizig x2] HAEE 7lEA] 2ol &
o =4 Hy Qe mjEIie] HoE

A oln A 5}t xe] Ze]E anomaly score(RD= WERNT, decision boundaryE s Ak Bogaio =g

o
TT‘EL

F

o A oo A2k AAMI Class® Input o|0|=| 2] H|ZE F3F o= &2 A%

AAMI Class Input Image(x)

Generated Image(Giz)) Anomaly Detection \,ll}::jl" Classification
|70 Nanmmal
454 Anomaly
497 Anomaly
35l Anomaly
| 401 Anomaly

Generator7l x8 BER =l S48 Gz)E AAEH7 gE

Eo, =d=2
Z Latent Space(z)E E3] =AML x5} Gz)E dlms] 2y AlddHoes &
Zpelde] AT S, V, F, Q2] x 98 ¥ A" G2t x9 FEEZS tp2A HA=EH, A4 delHe
FEEEY 22 =3 s&IlEy, A dels(s, V, F, Q8 FEEEZE g4 &9 gdEe 24
AAgz B4

SteAl A dolHY FERE

ey
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B 43249 W3sE 53 923 71 J444 g9 4eyrn

- 2 Ag=E JEd 2do| @AY B AAe} dA H(Ground Truth)S Bladte] dupit A sbA| 2l
APEAE AU

- Fd QA7 FEle] vruA g &4, & o 2 3 T2 A& a9l ofd wAst= Bl WA
Wl EAe ROB 5do o4 HBAL steAF]s 28 9lol o= Mk thasl BAL AFH = HSV W
dg =5 asidae] A0 selez Aoz gog A

- ORIER g A A wds B Fd AX) FAo <14
d e 4%YstE AN

F&0| 7hedt
=5

AlEz) e 247 e A vd

o ORI R AgheA HERdS 59 Fo A @2 914 FaEdx

Color Model Converting I I

Extract |

e |- |
& o circle | "> threshold i
VaF{Pe of (7 Hsv YCbCr
ixel
- TP I*r‘e<
- Yolo based Deep i
oa | [_garning Model Random erasing E
| Traffic |mage | i
. Batch iR dives
Detect traffic | —| normalization | |eaky ;
light source | Convolution Relu | Remove object g._
object j Layer |
ﬁ ——— — Te——————— ]
RGB HSV YCbCr Ours
A;“”‘“?md 0671 0.754 0.783 0.8%4

- Wil RGB, HSV A4 =dlo] 79 dlof widdiye] A0l 45 482 Lo 9=A s A4 48
BAe AAgsts YOCr 44 2de 53 W3 d4de dFo] s ?} adu 718 A4 5d =25 <
A Ag=71 08 P9

- 3w 3 WadAke] e sied 2EE RFORA AA o WA= dAE dEsA T
ol = HSVeF YChCr =do] Ao Z¢ 0894 7|& REEe] Q4 AuAdFS RSy §4d FAE
Uepd. o #7434 @A s B AAL ABTE folgtA BAs= Zol e

- dEYEE volH AN EAse 34 a9l oﬂ Elff} TS HAig st HSY A% =zl YCbCr A
AEdE 2943 o= 7] AR B4E & ¥ A3 A4 Ad g o3 'H AHE ASE WA
¥ Hed 4L swte e T4 A g A ofa Yolo =4d-& &3

- 2 AA ] gAY} 7H5d CSPDarknetb3z|wk ¥ d-g o] g3t &~ &Y EAE #dstgn, &4
wF FAeA B 4 FAE FHA AeT A FE ST <14 GA9 A4 ES =olx

2 =2 AFmar ofUd oyt E2 A AT A L] 71%%
H 2343 EY 37 ERdAAA Q9373 P4 £= v
- Y ~2ED foEHdA ZEGL &5 1700719 EAT 39 delHE Ay mH A" FAE

- R ZHLE 240 S FEATY #E dioly AATAdS sy 25k AE e o)k A=,
28839 Ho[HE AAs HolE Jd Ha

52) 2=, dMle, ZHE, H4E, & dat B0l Mel& HE volo 7|8t 29 ZhH BA|, SEREEEA], A0, MBS, pp. 40-46,

53) H. J. Kim, J. W. Baek, K. Chung (2020) Optimization of Associative Knowledge Graph using TF-IDF based Ranking Score, Applied
Science, 10(13), 4500-4910.
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- Bl
- A

e B nEAMDT ERS E&350 TE-DF =218 o83ty Edfzldezs A
A gaplEs] dse vadkr] $3kq FP-Trees} Apriori wael&e] Ax ois|e1E Zhz AA

x B4 supportsh confidences] HYPHQ WOl wE ARFAL AYEKE u|H

- TEHDF AZAE 7oz o) 248 0|85 ABwe) T80T A4n TF-DES =887 %2 Qg
TR e MEE WAS fEA QRTA) ARLE va

- TE-DF=] AH$] 5%, 10%, 15% 20%c] W& MA&Est A+E dlmse Aoz PH=s 259 bl
o] BHE mEste] A4 Ao WA A= Est A E B

v TF-DE2} Fi-7 2= W] & dadals] ddss va I

45

Execution Time (sec)
[ =t Pl Pl L Lag 4
141 L= A L] W =1 LA =]

=]

—_— .,"

0.005

0.01 0.015
Minimum Support

—o—TEADF O
TE-IDE 5
TF-IDF 10
TE-IDF 15

#— TE-IDF 20

0.02

- 012 ITHE confidence ghe| %1% AbElelA support ghel 0.006% of, A8 15%, 20%%] S E HEF A
ol TF-DFE X857 we 2d ofd] digale Adsted o 167, 82 of &8

- upport® 001 e|4he2 2HsE-S o, 222 o|4ke] Aeo|2 dfdale] AH4LEr) thE Thisha, 0.019]
e 22 gelM AR TE-DF S48 A5 2de] af7al Aga ke 4%

- supportE 0012 W& gl we) corfidences] HEE & A92] digae PHLcE vad

» TE-DFs} A== fie] oE dadas] Adss da da

32

16

Execution Timelsec)

0.25

0.125

— —TF-IDF O
TF-IDF 5
TF-IDF 10
TF-IDF 15

#— TF-IDF 20

0.6 0.7 0.8

0.9 1

Minimum Confidence

- confidenceol  TE-IDRS] f-Fof we} Q@A BHEES) 122, o 4dd) ol4ke) 3po] B

- TEIDPS =49 292 A% confidencedl s 128 97 %.em 7122 trarsactione] 2oiorE 2Y 2o
@ole] 7} Zagly] TEel MEH At A/FAY WMo 2o ARTH LuAZTRT FAe A
£} Mo AL BAE
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s AA g My, FYEE o] 83 Aprioi RIE &3 FP-tree St =#F& vl

- Apriorl TRHEFE EE EdAHAA DS dF d@72E A4, AAES AHEE 85
AAA7E DAY A L2 HEe] @EE

- FP-Tree= Y4%E d @A linked listE AH23td flgE A4 ez d HfEg ool Wi Z&3
olil FAe]| 7hEdn aprion] TS ED B £E7F WE e 912

- AHAE rues A,E AwhAlH 2247 X, G0FEEEE Support, Confidence, Liftsl dishs HaE A&
e FP-free A2 ¢08E, Apriodl €2 d&H AHAR Apriorl 9372 £a8&d4 28 a8
2 AdiLes a4 b wEr] {3 nuey A= 500, 1000, 1500, 2000, 25007 =2 o2 A w5 &, HE
W7l Asg

» FP-Tree, Apriori, Apriori TE-IDF @gl&s F2 44 £ €7@

1.8
—h= FP-Tree
16
- Apriori
S
i & Apriori_TF-IDF
- 12 A
o -
g1 =
§ o8
E n.s = =] "
R - @ ®
0.4 @
0.2
o
500 1000 1500 2000 2500

Number of Rules

- Aprioni-TE-IDF ¢ E&e] 71&£s ¢ndSrt 04082 w27 F24 A45d, 438 "®E Hsl A
AE, AFE, HHES AT

. AA 29} A WA A%

Support 500 Rules 1000 Rules 1500 Rules 2000 Rules 2500 Rules
TE-1DF top 0 FP-Tree 0.09979 (.08B379 0.07304 0.06389 0.06087
TF-1DF top 20 FP-Tree 0.05093 (LO4188 0.03635 0.03278 0.03036
TE-IDF top 0 Apriori (.1404 (1.11343 0.09818 0.0w087 0.08495
TE-1DF top 20 Apriori 0.06794 L.05186 0.04522 0.04133 0.03203
Confidence 500 Rules 1000 Rules 1500 Rules 2000 Rules 2500 Rules
TF-1IDF top 0 FP-Tree 017034 0.17132 0.17251 0.17189 0.17189
TF-1DF top 20 FP-Tree 0.1A144 (1L.16273 0.16123 0.16078 0.16114
TE-IDF top [0 Apriori 0.4745 0.5077 0.4941 04877 0.4902
TE-1DF top 20 Apriori (.3793 0.4138 0.4398 0.4559 .4653

- TF-CF Ranking Score® & 85tA &2 FP-Trees} Apriori7l average supportte] ol 5] rankingd =&F
FRHF o g2 FFE e

- confidence ZelA = rank® HL5A @£ Apriori, 449 20% TF-IDF RankE® &% Aprior, rank® &
A @& FP-Tres, 4¥ 20% TF-IDF Rank& AE% FP-Tree £22 & IAFE et d

- FHAES ol 85ty HaElg Al AF
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o 72 8 HiEd b2 ¥y e et 24

Lift 500 Rules 1000 Rules 1500 Rules 2000 Rules 2500 Rules
TF-1DF top 0 FP-Tree 1.153356 1.2108 1.2697 131759 1.34029
TF-IDF top 20 FP-Tree 1.42306 1.5063A 1.52958 1.62002 1.69837
TF-IDF top D Apriori 1.5555 1.6721 1.6558 1.6719 1.794
[F-1DF top 20 Apriori 1.99] 2.7055 3.1918 3.5879 3.8551

o 72 o B A% 2ndEs Hd FHE A

45

4 | MTF-IDF top OFP-Tree
35 1ITF-IDF top 20 FP-Tres -y
@ 5 TF-IDF top 0 Apriori
=] 3
I ] O TF-IDF top 20 Apriori  —
& |
ad
=
B se
g 15 -l
= b
’ '
0.5 : Ig:d
i
0 -

MNumber of Rules

- LiftE &% #@rt 25 728 d87a 2adE do Hd 5 o) oy dess 2

- rules®] & 5945 TFIDF Ranking® A&3 ¢3S0 o 2 45 E37) dE2d date=z &
A= 2EY w2 FH2dMs Af7EY 7 SsieE fEly AdSEs a8 2 AR T
FA1717] dE2d A4 2 ze] HAgE Fov|d AEE dATteE £&9 FHed

W o4 822 §3d f# H= g9 7|l aFEA BRd oG8 YR

- Al FAE FHEA] 7R 2R EdE REas] Aaste A &a A= rlRtez Alx" FEEke, A
f4zxte] AEo EAstE ov]A HA2=E @ASD F23d dit AEE AF ey, 2EHE A=
AA A oA A2z AEE ALAEE AFTT

- oHF Ha=m @A AlxdE 28, FIHE F& AA 2 ovd Hagz 48 1A, wl, g, 50
Ag 43 5 ZEHE Aldstn, BEA d95d Biolrt Azt g

- 2807t MEE B ds] B AL Fdstn, AAZE BMAH TEILF g£ 4 § 5%
7lHte] SVM-E olfste ERE . HA] REAAH Alz2gE Aaxs &9 2 B JHE ol
2 Az #eE fdazg BHY 8 AE=d EAsn, B FE23 o7 oz FYEE FH2
E 4 AR dF i AEE AaatdA A 4 glE

- Al2d2 B3] Gyecn Provinda GovernmentelH Gwangmyeong City Hall7h2]2] A =< @2 emerging risk
g4g Jehfd, A=dHe 4719 F3H £ 265712 emerging risk 247 248 2 F S439n
L2E FE 132718 247 €4EHY At fEAde sva ggEY, #8283 EAEYA FHE A4
EFt EAHEE E€ 748 HE 2488 F90F 4 302, AR FAAAL A2=29 oo d23 A
HE AaztdA AFzdezd nEAEY ddt g

- A FAE AAFAE & REEH EF EEE Tt AEEsE S£95kr] Hs) TBNY w2 o o
HE ZEH3Y, BEHE £ L4072 +FHsty 70%2] EAd |85 30%Y H2E deoldz Bgst &)
a3

& M. ) Kim, J. 5. Kang, K. Chung (20200 Word-Embedding-Based Traffic Document Classification Model for Detecting Emenging Risks
Using Sentiment Similarty Weight, |EEE Access, B, 183983—1 63094
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« BH RN 7FEA AN B 29 AT AR AR AN oM P gR Asd

5 Emerging risk detection system - o x
Crawling Keyword Extraction
URL | https://www.tbn.or kr/inotice/majornews.tbn?f [ocigeit ik Elininate Stopwords Morpheme TF-IDF keyword
the event of an 2 road INNG 2 warning: 0.471 kol
i 2020’04’28‘ - ‘2020’04’28 g:: gg; accident due to on /NNG passer?ger: 0.225
A ‘i Start End ) collision or black accident /NNP cars: 0.384
1251 2020/04/28. ~ Dge. 394 . | [ice on major roads minute /NNB collision: 0.694
T d =l |- > : :
http://www.tbn.or kr/nctice/majornews_view.tbn Dec 417 suciras hiohways nd Vv actl:llde.né. 20('}212
?BOARD ID=N012 Doc. 485 :_nr.:‘natlonﬁ_lh :?p:rt N\’}NNP zo_ ice: 0 i
= ighways. The ighways rivers: 0.
B & Doc. 532 Ministry of Land, and 1JC blackice: 0.447
) - ; . Doc. 533 Infrastructure and major /XR rain: 0
http://www.tbn.or kr/notice/majornews_view.tbn ¥ bk i v G J v s o1
Classification
Location = Emerging Risk Detection x
- -
Starting Point -
Gyeonggi Provincial Govel Doc 251 |-0.6819
Destingtion Irain‘ landslide, traffic, highways, collision, SUV, bad, guardrail, driver:
‘Gwangmyeong City Hall =3
Send Reset Doc 326 |-0.724
Ipolice‘ drunk, killed, accident, night, roadside, driver, caution, victim *
Information Y
Distance(km) (36 Doc 394 |-0.285
Time(m) 41 = Ibus, traffic, congestion, time, tired, road, passengers, slow, delay
A el v
& Q =2 = 4] e N
w79 E Y FAEE ST 9 M & /\}-:- Brt Ae wd

A 7k Z;gﬁﬂ-

£ e Vg 2ed AR 54 BAY9S
AR, 2 FAIESE 2 %o]-cc] oo wE FA
AR, Wste, 22

o
it
e
£
>
o
lo,
£ :(o

Gkl 1S AR RALESh Bt
]

|
2
il
Ay
rlo
fab]
8
=
8
ho]
il
{o
=)
o
R
_\|.1_J
3
A
rlo

o« RAZ Yol W2 YT vl A3}

0.95 A

0.90

0.80

Accuracy
(=]
~
o

0.60 14— i

0.50 i3 v
Cosine Manhattan Euclidean

Method

ARE Yo} A, 2AY GAES e ARGz} 0059, 0.0339F S48 BrhEE, 2AY 44}

i WE Afolo] WS o) thalle] BN RARE SAE] g £ QtelAe] AAHSL 7

slee] Wege uHae 24 TFsd

- wslen F2eveh 5o AT A FAR BALe thed wols] MRS TEsld e Wee] BAS
o gavn Bwkely] g Aol Aeld AitelA e WAL BAIR 2E s]ue)

el 71 el AHDT FHUAY AL Yo e JanE 0y

T
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2 AL 7HEAE F 889 ony Eaa EAY o JEay 2% =d9 B}

- 43 SVWM 5% =d 2 v]%E% KNN, Naive Bayes 2% =e3) emerging risk 24 2572 4% < vws
o, 7H 48 £ RdS 443517 9dl g BF 2do SSWE 4838t 2R A%< F7HE

- BER wde Agd SVM 9d= KNN =d3} Naive BayesZ A3l accuracy, precision, recall,
F-measure® &3t vlwg precisione ZHlo] o3 #AaF S A F 44 236 JgH=
gL 9v5a, recale EE oj¥A &3 B4 FollA Edo] FAgsHA BRdte gL U

- do)g7F By A4gdAE A8ze Hmrl E9HEs)A Y] g ARTe AHEL Moz J=
F-measureE accuracy?} 37 4% %7t A== A9st0], F-measuret= precisions recall®] 27 o]w,
5o Ag5E Aa4sted A8

e 2t B8 Zde t)§ accuracy, precision, recall, F-measure2] vl= 23}

1.0

SVM
KNN
NB

0.9 4

0.8

0.7 1

Evaluation value

0.6

0.5

T T T T
Accuracy Precision Recall F-measure

Method
- A83L uj accuracy, precision, recall, F-measure =% SVM 25 w=lo] 713 22 J%2L B YL SVM
R Zdo] AL dojy HAYdd= £ 5L Holy 299 dojgd Aty widd Jidew &
2 A% S JEhi= Fo=E BuE

- stFHHE of A9 FA=E s 1Y HH0E oFofA e, o 1400719 £wE HolH
o]7] W&o SVM B5 xmdo] AGSIA Y, Naive Bayes 57 2de 7|9 e7io o5 =2 18siA o
Zrzro]l 59 A9l 84E By wEe AFART vA B[R

- KNN2 tha 52 A8=5E BolAY, 719=9 fFARE Addslorst?] wite] 44743 b8 #A=3}
A 2x2EHe A%38kA 7] wjFe] SVM =do] 1xigle] F1Y=E 239 d~E vlojde 7 A3hg

=719

s 24 FAE 71EAE 88 nFHE EA49 &A0 d# #84d B8]

- 5VM o]3 &R/71d 244 FARE 7HEAE F48 245 F438A gL 71 24l vlnE Fi HrkE
8591, 714 Adeitn #dE SVM 2R7)e AL A FAS 7HEA AE oo e
accuracy, precision, recall, F-measureZ H|wZ F3gh

- A AR ZEEATE olm A daa 2R Fov e HEAEA F 8
Fo M2 ROC curve J#=ZE T AGFHE A7

rit
i
rr
X
il
ofi
o,
o
ol
o
ol
o
ol
i

- 24 A AREA 7R BR wdle] accuracyr) | RRde vle)] 0118 ¥R 3504 FoHE

F-measure 7kl A 008542 %7 WrHE. A AAS ZFEXE F8) 2yAel g dolE Ay
o2 gAskel, B4 el A dolo] Faye st 2y hdel dol7t EARA YriHs do| 7]

FAEE TAS GA PO o) F& AL B



s SSWE A 83 SYVM 2d = wde dis dHla A

Evaluation Method Value

Accuracy 0.930

Precision 0.895

SSW-based SVM Rocall 0.920
F-measure 0.907

Accuracy 0.812

Precision 0.805

B Recall 0.840
F-measure 0.822

Y fAE AZAS AeA 2L Auk SYM BF v A EAA 2 BB
sl B RE TPt el delsy TGS nelskA ol Al ek
A fAE 7HERE ol 88t A A E45HA ke dold EAgte gl 2F EAF R {fofv
atA| ZlEAE Rostes Aol Zlssittn A
A7 Axts NDEs7] 9§ ROC(Receiver Operating Characteristic) curveE AFE8}1, ROC curve=
x& < FPR(False Positive Rate), y&-& TPR(True Positive Rate)® ¢ J#2E 9|v]3 AUUArea Under
Curve}= ROC curve?] o}#&: Dd?zu 2715 sk 0414 1 Abol9] gh& A, AUCY g2 19 &
A5 22 A9 2oty dded F &

= 7717 ]‘3]78 gl FAE ladny 39dS-E e, N2 ovA gliad £A4F H-F
Ay P29 Yl FPE non-emerging risk £A415 emerging risk® H93-8-2 JeRg 1, TN
non-emerging riskE non-emerging risk® T3-S el

tle

BERY

2

s SS5W 28 o B }E ROC curve HIT

ROC Curve
10 ~
JJ,:-" ”,
,_.r'J 4"’

0.8 3= ’I.”
3 F P
o e ,”
o ¢ L
o 061 el
2 Il
'5" ”I
0 . "
8- p4 -
w 58
!g 'f”,

0.2 >

o ——— SSW based SVM (area = 0.94)
-
pr SVM (area = 0.83)
00 T -t T 1
0.0 02 04 06 08 10

False Positive Rate

- (€ SSWE A& SVM 2F =Z< dehfH, e SSWE F85kA &2 7€ SVM 2§ =29 ROC
curveE vebE ROC carve AlZHE Axt zF mdlo] AUC(Area Under Curve)s Z+zF 0.94, 0.832.% SSW 7:]
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Proposed 0.9636 0.9446 0.9089 0.9264
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