18CTAP- |
C117T271
(3

R HTOMEE M¥-{ DE[> 2> Rirk 50
%2 TOrArAre lomni-l oMkl retop 2 njoig

2019

ol kl
70 ofok X My N Jjor & oo kI m M

I

ok mE( ), e A Oy 4 2O ), vIEM IRIESLHE()

TEDSJISSTATAMY H3x HE FHSEIM

| ReD/ 18CTAP-CI17271-03 |

[ ~
FAl2e] Al2E 7=
al

2019. 07. 05.

718 [/ adcistm
718 [ elstoista
[ &0rO|Ct20}0] El

2 re
4 4

ZEREL
RERENEI|ETE




F o

Lol AERIME FIETWE LN MY FIENEI| S FAIR] AP,

.0 HEEDM YEE WHS: doc UEA FIETSFoM AE Al dAFUMIYS
15 0F By,

. 27IREP I 2|2 wXo 2o WS2 doyos 4E = SMWSIMMs ¢k Edc).




HE&:E

FEDEFHHIEDNSANI|SHEYUE) 73

‘BIME O|E¢ WE TZES2 SHHEC ¥ FA|2 AlAH T&E(HPALY 212 2016. 06. 28 ~ 2019,
04. 27) A2 £ EE2D0M 1058 HEEICH

Soe 7|y pEch e AEE S (HEAN) & &

SEUSFo AFLAg 2EnE Moo= wet HEEDM ZE

2| gt

]




HEs &

FEVSLUHIE RSN S TSR 75t

‘BIME 0|8 nE TEF2 IHEIC ¥ FX2| A28 F&H(HF2Y 712 2016. 06. 28 ~ 2018.
04. 27) 2tH2| £FE2D0M 108 & HEEUCE

&7\ B : (F)oto|c2otol |

IS 2= AdXL Y B B

TENSFLF AFIEAIY 2EAFY HM20=o w2t FE0A 2o
S| gt




e
=10  HSa
PIEtoi 77| T : ISt BT BRI (HEX) M e =(ely o)

PlEtei Ry YR 4 €

FEDELAY ALY 2YAE M=o w2t 2EEDM E ol
2|t




HaM %M

= 18CTAP-C1172| s E b 2018.04.28 ”
A A5 WE 71-03 ol 2|2+ ~ 2019.04.27 eATE =i
S Al RENEIEEHATAIY
el AR
Ml 5 Apel o HCHg R
ch 2 o BINE 0|23 T TES0l oHHACH U X B ALY TE
ol oI
Ml 5 2h o BING 0|23 W TESel obMAlc U A B AAH TE
HE: 377,000 HY
e £ g oo a4
goletwe 4 | or 2 Lk e
S of: u = NCES o
A Mo
ol 9l X} sag -
& 900,000 HA
_ &: 339 L A
SECIES _
ma e | U® ¥ | s |wme:  ma
SEE T 8= o Abgh 2 #H
Al H
Ry Tafcysm AstEc 3104724
2% 2oy |
FHBEAT |MyRE: PEERCER T
aumn  |ET7I2E: dsdem cipselRl: AEH
EoolchAofol €] 2el 5
ol ut
HolE3 HE w|- £ BHE DY SXB2ATHl BE JHSE BIN Il 0l ol m2| AIAHE T
AxAlg S3ps oi7EM CILE DY SA R U BIN Holo| MEIlSD 2osor ¥ He
ot 2l
_ 3y s ohpap J]a2 M JbsE o7} ofdl

A D= -
m BINE £8F DY TxEBel oiEFG U SR T2l AlAY 73 SRS 5 kg

- BIM Z|gt oEEC 3 RX|2E| 7S

- nY FEEL A Y HESFY o5 ALY Y
- 1Y TES BIM 2fo|=2e 7F 2 =8 T2 A
- N PEE AEEo 7Y A




( YE )

‘mrﬂ
¥ 4
c

s

m BIM 7|EF oHH Fet 2 RAE2 Jle A5
- i E 2k ol HES HHHCR 2F U Hsl 2lojEBEs ¢
- BiMol & 2jo|=22j2|E HEs0| DY =5 oY HE9 MAHE U 3
Ated Alztzsls JhsshH &
- BINE S ot FCh U FR|2E| SEHae|AAE PR
n 0¥ TEEe JHE U BE Y oS A~ JAE
- Fob HAF 7ok 0|y HEMo2s WE FES2 WREMS
o] 27| 2ol F=HME S MefHEHI}L F|Hr2 Jpx|EIE W
2 AAHEE st &
- DY TES9 FhAHI W FE Y o2 AAHES @25t 202228
T235132 BIMo| HE
m 0¥ T=& BIM 2lo|=ae| & A =8 == W
- XAEOE JO4E BIM 20|23 #5 % 28 K= =8 Z2IHE WY
- BiMol P EE 2jo|=22|E HEF ¥ TS0 oHH Fcoh U Fxjy] =
2IH g
O TEF SR 7Y W
- $EEF 7Y E 7|Yte = cleket 53 ME TES2 SHo oiE del ™
FEOIE g

"ot o2&
HE T4 9

ol 77 By

B WU P=Es oH¥ Hth U wR | ST ALHE NS

B D FES Mef™I} Dt JixHIL ¥ ME £Y oE M2HE o|2E
el ?le e

M 2lol=2ie] 75 ¥ 28 A =@ Z20d e %

El

o
)

B

i
1o
o
m [
A
mn
¥
30

B HEEXY JHE JVCE Y P9 AsHII 2™ WY U 55

o 774 2 2fel
#2Y
Iz

F28 o]
(570 o)

B E odetntds wAREH AE oz WA Biwl 8 JHset ol HEek &
e gLl JjuE SEE 7R Y Joln, & 3R
A 8s cA7tx +HE = UAS

m AHd Aol BINERo| =M HMUrID fles nE P9 ok Fot
Y FA ol BIME HZ50{ ARXHE e ATEfEC AAYMLY EE
4 A SH AP Yoo TFo| § HeR 7GgE

B DY pEEe otMEIch U fX|2ol BIME HES: U2 ol £g X 7Y
wokdloll 207 M2l F=EE FAelol d=Hel 7|&0 ¥ A

B XS D24F BIN 2lol=2E2 PEY A =@ T2 E Awstol et
Hol IF¥TES0ET BINE FEY = AUS o2l 7|HE

B ChEgh 2TEY0] E0o| oid of¥ FE U FXEE ¥ weol Y =\
o] FUE ez 7IE __

HYEESHE =

Flch - obF




¢ SUMMARY »

m Establishment of bridge safety diagnosis and maintenance based on BIM
- Development of database throupgh systematical classification and organization
of large quantities of data.
- Enabling systemization and 30 wisualization through application of
established database to BIM.
— Establishing integrated safety diagnosis and maintenance management system
using BIM.
B Development of the value assessment and rest |ife prediction system of the
br i dge.
- It was desired to develop the wvalue assessment and rest life prediction
system of the bridge through structural analysis because of the difficulty

Purpose & to evaluate durability of the bridge only with history data based on visual
Contents inspect ion.
— Establishment of database wusing the wvalue assessment and rest life
prediction system of the bridge and its application to BIM.
B Establishment of BIM database of bridge and development of  automated
assembl ing program
- Development of BIM database considering elevation and automated assembling
program
= Development of safety diagnosis and maintenance program through application
of database organized in the BIM.
B Development of condition assessment technique of bridge
- Development of condition evaluation technigue for the response of the
structure according to the various loading based on stochastic technique
B [evelopment of bridge safety diagnosis and maintenance integrated management
system
B Develop Bridpes Condition Assessment Based Valuation and safety inspection
and maintenance technology of bridge structures using the residual |ife
Results prediction system
B BIM database of considering elevation build and automated assembly module
program development fpatent
B Develop bridges condition assessment development model based on stochastic
technique/patent
B The proposed project will be to conduct research aimed at safety diagnostics
and maintenance management system integration application development
environment similar to a real BIM pilot phase, with subsequent studies that
can be done to the practical stage
B BIM is expected to help effectiveness, improvement of international
competitiveness, and complementary relationships among the practitioners
since it is rapidly spreading out in the construction industry and applied to
Expected safety diagnosis and maintenance of the bridge structure
Contribution |®m Applying BIM fo the safety inspection and maintenance of the bridge

structure, which is still in initial phase of introduction and development
will be leading technology to structure maintenance

B By developing BIM database and automated assembly system to consider
elevation could be expected to combine the typical BIM bridges

B Mot only just simple software side, this is expected to increase that
across the full range of safety inspection and maintenance to be increased
efficiency

Keywords

BIM diagnose maintain measurement safety
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(1) Bridge Inspection’s Reference Manual(BIRM)

& WFL & F 13 Yol A ANA ARG FFAIE wE F
19 Astulz, B4 Akl o sol=g AT st AHUS

O National Inspection Standards(NBIS), AASHTO Manual for Bridge Evaluation(MBE)E
Aoz shel 449

o WA FF

<3 219> BIRM AL F57
HAF Y T

- An initial inspection is the first inspection of a bridge as it becomes a part

of a bridge file, but the elements of an initial inspection may also apply
when there has been a change in configuration of the structure (e.g.,
widening, lengthening, supplemental bents, etc.) or a change in  bridge

; ownership
Initizal e . . . . . .
Tewntns) - The initial inspection is a fully documented investigation and is accompanied
by load capacity ratings

- The purpose of this mspection is two-fold.

- First, an itial inspection provides all Structure Inventory and Appraisal
[SI&A)  data. Second, it provides baseline structural conditions  and
dentification of existing problems.,

- Routine  inspections  are regularly  scheduled  inspections  consisting of
observations and/or measurements needed to determine the physical and
functional condition of the bridge, to identifv any changes from “initial” or
previously recorded conditions, and to ensure that the structure continues Lo
satisfy present service conditions

- Inspection  of underwater portions of the substructure is  limited to
observations during low-flow periods and/or probing for signs of scour and
undermining.

- The areas of the structure to be closely monitored are those determined by

Routine previous  mspections  and/or load  rating  calculations  to be  critical  to
i Periadic) load—carrving capacity. Follow the plan of action for scour critical bridges,

= According to the NBIS, inspect each bridge at regular intervals not to exceed
24 months

- However, certain bridees require inspection at  less than the 24-month
interval, Establish criteria to determine inspection frequency and intensity
bazed on such factors as age, traffic characteristics, and known deficiencies.
Certzin bridges may be inspected at greater than 24-month intervals, not to
exceed 48 months, with prior FHWA-approval. This may be appropriate
when past inspection findings and analysis justifies the increased inspection

interval.
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Damage

- A damage inspection 15 an unscheduled inspection to assess  structural
damage resulting from environmental factors or human actions

- The scope of inspection is sufficient to determine the need for emergency
load restrictions or closure of the bridge to traffic and to assess the level of
efforl necessary for an effective repair

In-Depth

= An in-depth inspection is a close-up, inspection of one or more members
above or below the water level to identify anv deficiencies not readily
detectable using routine inspection procedures

- Hands-on inspection may be necessary at some locations

- When appropriate or necessary to fully ascertain the existence of or the
extent of any deficiencies, nondestructive field tests may need to be
performed

- The inspection may include a load rating to assess the residual capacity of
the member or members, depending on the extent of the deterioration or
damage

= This type of inspection can be scheduled independently of a routine
inspection, though generally at a longer interval, or it may be a follow-up for
other inspection types

- For small bridges, the in—depth inspection includes all critical members of the
structure

- For large and complex structures, these inspections may be scheduled
separately for defined segments of the brdge or for designated groups of
elements, connections, or details
According to the NBIS, establish criteria to determine the level and frequency
ol this tvpe of inspection

Fracture Critical

- A fracture critical member{FCM) inspection is performed within arm’s length
of steel members in tension, or with a tension element, who failure would
probably cause a portion of or the entire bridge to collapse

- The FCM inspection uses visual methods that mav be supplemented by
nondestructive testing
A wvery detailed wisual hands-on inspection is the primarv method of
detecting cracks

- This may require that critical areas be specially cleaned prior 1o the
inspection and additional lighting and magnification be used

- Other nondestructive methods may be used at the discretion of the Bridge
Owner

= Where the fracture toughness of the steel is not documented, some tests may
be necessary to determine the threat of brittle fracture at low temperatures

- According to the NBIS, (racture critical members (FCMs) are to be mmspected
at regular intervals not to exceed 24 months
Howewer, certain FCMs require inspection at less than 24-month intervals

- Establish criteria to determine the inspection level and frequency to which
these members are inspected considering such factors as  age, traffic
characteristics, and known deficiencies,

Underwater

An underwater inspection is the inspection of the underwater portion of a
bridge substructure and the surrounding channel, which cannot be inspected
visually at low water by wading or probing, generally requiring diving or
other appropriate procedures

- Underwater inspections are an integral part of a total bridge inspection plan
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- Seour evaluations are conducted Tor all bridges over water

- Determine the severity and extent of scour, immediately communicating and
documenting critical findings. Follow the plan of action for scour critical
hridges.

- Structural  damage, scour and  erosion due to water movement, dnift,
streambed load, ice leading, navigation traffic collision, and deleterious effects
of water movement or of elements, are typical occurrences that could result
in the decision to conduct underwater inspections at shorter intervals

- According to the NBI5, underwater structural elements are inspected at
regular intervals not to exceed 60 months

- However, certain underwater structural elements require mspection at less
than the 60-month ntervals
Establish criteria to  determine the level and frequency to which these
members are mmspected considering such factors as construction material,
environment, age, scour characteristics, condition rating from past inspections
and known deficiencies

- Certain  underwater structural elements may be inspected at greater than
Bl-month intervals, not to exceed T2 months, with written FHW A -approval.,
This may be appropriate when past inspection findings and analysis justifies

the increased inspection interval.
- A special inspection is an inspection scheduled at the discretion of the Bridge

Owner
= It 15 used to monitor a particular known or suspected deficiency, such as
foundation settlement or scour, fatigue damage, or the public's use of a load

o posted bridge
Special

(Tnterim) = These mspections are not usually comprehensive enough to meet NBIS

requirements for routine inspections
- According to the NBIS, establish criteria to determine the level and frequency
of this tvpe of mspection. Guidelines and procedures on what 1o observe

and/or measure are provided, and a timely process to interpret the field

results is in place.

o #A B AF

<i 2.1.10> BRIM ## #H7} 718

7 71E A
Crosod element is limited to only minor problems
B structural capacity of element is not affected by minor deterioration, section loss,
AT . 2 e
spalling, cracking, or other deficiency
P structural capacity of element is aflected or jeopardized by advanced deterioration,
Gor

section loss, spalling, cracking, or other deficiency

O 84 48 55 7T

- FHWA Coding Guide(1995)5 ¢l &38te] 23} Zo| 11dA= A&
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<¥ 21.11> BRIM 84 #d 53 #&

Bzt 7lE 44
N NOT APPLICABLE
9 EXCELLENT CONDITION
& VERY GOOD CONDITION - no problems noted.
7 GOOD CONDITION - some minor problems
G SATISFACTORY CONDITION - structural elements show some minor deterioration.
5 FAIR CONDITION - all primary structural elements are sound but mayv have minor

section loss, cracking, spalling, or scour

4 POOR CONINITION - advanced section loss, deterioration, spalling, or scour.

SERIOUS CONDITION - loss of section, deterioration, spalling, or scour have
3 seriously affected primary structural components, Local failures are possible, Fatigue
cracks in steel or shear cracks in concrete may be present.

CRITICAL CONDITION advanced deterioration of primary structural elements.

Fatigue cracks in steel or shear cracks in concrete mav be present or scour may

= have removed substructure support. Unless closely monitored it may be necessary to
close the bridge until corrective action is taken.
‘INMINENT” FAILURE CONDITION - major deterioration or section loss present in
critical structural components, or obvious vertical or horizontal movement alfecting

! structure stability., Bridge is closed to traffic but cormective action may put bridge
back in light service,

0 FAILED CONIMTION - out of service! bevond corrective action,

O ¢3%x Fd(Sufficiency Rating)

Sufficiency Rating(SR.)& %9 }3EE FAsta Aul~g fAs 7] 8 #2142 @&
He Tl s Hez AdE

SR=5+5+5—5 (%4 2.1.3)
Olentirelydeficient) < SR < 100(entirely suf ficient)

ogz|4 |, 8 = Hd 55%; FRE9 HHAHI ctH e )k
S = Ao 30%; AHEAE Pl =52 HEmd
S = Hd) 15%; T&o o Bad
- Aol 13%; $A= Zo), nF ¢l &4 2 F= A¥) AP 59 P
e o 7]ut

(2) AASHTO Manual

O 2F NAe] = Re] o F Manual for Bridge Element Inspection(MBED2F s = 7}
o] % Manual for Bridge Evaluation(MBE)2 &8s 232 AlA)st2 91§
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O National Bridge Inspection StandardsiNBIS)E w&sls A #Hrzp W& Agsie o
2 FE]als 2 9E] #8l Manual for Bridge EvaluationiMBE)7F #- 8

O MBEIY A= o83 £ g 7| Hdue Ak AEE TS AAstn ds

<¥E 21.12> MBEI 23 7|¥ Hn 2@ Ag AR

AWED dolg o=

Structure Number
- Name
- Year Built
- Year Reconstructed, Highway Svstem
- Location
- Description of Structure
- Skew
Spans
- Structure Length
- Bridge Roadway Width
Deck Width
General Data
- Clearances
- Wearing Surface and Deck Protective System
- Curb or Sidewalk Widths
- Railings and Parapets
- Bridge Approach Alignment
- Lanes on and under the Structure
Average Daily Traffic and Average Dailv
- Design Load
- Features Intersected
Plans and Dimensions

- Critical Features

- Waterway

- Channel Cross—Sections

) o Restrictions on Structure
MHADEEHC Tt - Tltility  Attachments

- Environmental Conditions

- Miscellaneous

O AASHTO Manual®l A4+ BIRM¥ 593t Initial, Routine, Damage, In-Depth, Fracture,
Underwater, Special2 # A} E/F& F&52 U&

O Manual for Bridge Element Inspection(MBEID®| 4 National Bridge Elements(NBE)%}

Bridge Management Elements(BMEA A A& 54 ©BUHE Eddse] A=F
AASHTO #4 MEE FAstd zF 24 g A5 A3 slel=eel & AAstn &
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| National Bridge Elements (NBE) |
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<71% 216> Bridge Management Elements (BME)
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B1010.10 — Floor Structural Frame (Steel Framing Beams)
100 See B10
200 See B1010
300 Element modeling to include:

» Spedilic sizes of main horizontal structural members
modelad per defined structural grid with comect
orientation, slope and elevation

Required non-graphic information associated with model
elements includes:

»  Structural steel materials defined
» Connection details
* Finishes, i.e. painted, galvanized, eic.

350 Element modeling 1o include:

#  Actual elevations and location of member connections
» Large elements of typical connections applied o all
struciural steel cannections such as basa plates, gussat

plates, anchor rods, atc.

# Any miscellaneous steel members with corract
orientation

= Any steel structure reinforcement such as web
stiffeners, sleeve penetrations, etc.

400 Element modeling o include:

*  Welds

Coping of members

Bant plates. cap pates, efc.
Bolts, washers, nuts, eic.
All assembly elements.
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uh 7] x HE ZE2EE Ebd
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AAR®S F7HA F8 #F¥L 9ol #@ojste w4 2 £33, § dde s e
(ASR) ¢gte] g1 W& (ACR)l 7128t 4= A&

dze] 47t e AdE HojxEs A itE b4 o AE, HEE 49 H
A 3t freleh g wdlE e g whge R AN A EAY

o] Wi @ AHEZ de| A7l Aolv], 5§ HHA YA E=E ¢E
& 923

ASRE 9% FAE 1920 d19} 19208 d 4 3, w3, =2XF F o F2E0 HAP
ARE e FA7 459 F ¥ d S #de] EAA H

gz wkg vAYF
A 7E £t de A AWE Ho|2E Ei B0 FHREEH 2L FojgdAH

ainl BT AE YY) AN BASAN P FURES WET S g
29 F42, o A BPsn Tades 4t BF g9 TR 44 § 9

El ode i

dge] AUE Ho|AEMAH HIACE, dFH dvelE E HHC|E o2 I47]
Ca2+ 4l Na+ EE K+o| 2lg] #3& o|FAH #e]LEddA vAYd3ez 2 pH
A 7 A

oFite] Fol2 Zidadl R w43 e i EEA T de F42E 50 $AE

T W BF pH7E 7 o1 4¢l 87A4A HeElF7l 2§ (Si-0-Si)2] std & zelste ZA s
2 @2 dE7 AR #ite o] YER £ #FE o2 T JFEe Sel=E &
4 o] (OH-)& A4A4%

Gol=5d FH o3 A7 &4 vAYFL <29 3.230>¢ A+

O &%+ + s 4=z - A &3 YA4E

@ A wg AYE + £ - 9F
0 0 (o}
Si—0-Si- OH Si-0-Si-OH Si -0 -8i-OH
o o o
58 0O Si Ol Si—-0- S] OH 5 0O Si Ol
o + OH o 0H+3H10 oH
Si-0 - 8i~ OH Si-0 - i~ OH Si- OH + Si(OH),
4
D\. D\ D!:'
Si-0-§i-OH Si—0-Si~OH Si-0-Si- OH
0 0 0
<2¥ 3230> sol=54 Wi 2§ dest g dAYUF
g2 UEHNZE =3 tu 9ed A Ul X AfE iR AsEE 443,
Z&o] EASA Aesrl A= F2= ¢LE, Ast e Teste o2 4 A4

7L el HAH
- wWy A ae]] eola] W FlA| g2 oA YFe] EF4(Dent-Glasser and Katakoa (1981)),
AHE4E (Diamond(1989)) =& F 7H#e] 2#o 2 Ak eS
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Alkali-rich cement + Expansive gel formation
reactive aggregates

Cracking of the aggregate and
of the cement paste
<29 3.231> ARS 9AJS

A dsE SR, B 4R I WY $UAY FF $UA
a7], ¥/ 9 R B4, 39 FEo E%T‘?Jn ;
& <39 3232>% ger F2E

. gE whge 23 €3 WFAYE
d3 P4e <ad 3233:>9+ ol vehg
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ou 7aoln oje] weh A2 R Ao WS 497}
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Water collects Ice thaws, contracts
in rock crack mml 'M lﬂdﬂil duw Flupmdmmnm

nrmttwm :I'Ihtlllm:i

% 3234> e wE o o] # 1=

- ool E AFE Fulold mekis QB 2L aflelA @ol 2%

I:.I

gov] e Ao

AEo] AdER flx, Fa 43 AAL s 7|dd UL FE LUL 4 <FE
3.234>] 49 QU
<E 3234> F 43 A A 4 9% F= ad
e 4 9 FE 24
B4 Asrh WA i A7 SARE e I s
Bydk, 2 H“ﬂg.'r
™ #7) Al Aok @2 Bale o ’ . _
TT T i R AReE, FA4E, SASHNT
37 A2 =& £ AL F49] 7M1 7R Zazlo], B HAEm
A2 o] Agso] Watgo] A A T i
@7] e i Falgol, 24 FA%E
O Hama 3 2]
- dE FUske] Y3 E wes} FE dg BAE ol &3l (4 3.226), (4] 3227, (4
3228)% o] +9 o4& & A¢EA S
PV,/ PV, = 0.099 Temp. —0.151 W] B+ 1L564FB+6.817 (4 3.2.26)
log (DF) = —0.317—1.209log (PV) +1.7994/ P (4 3.2.27)
DF,/DF, = (PV,/PV,) " (4] 3.2.28)
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dzld , PV, = AZ F A7(40-2000mm)2] FF £
PV, = 27 Z2#-04 FH40-2000mm) 2] #F5 54
Temp = X 71 B9 32 &%
WiB = S4%y
FR = ANYE g4
DF = W34 A=
PV = FHAE(40-2000mm)e] FS5-1
AP = FA@5%/Ho2E ¥
DE, = Az & g4 2
DF, = 27 =d9 W34 4+

- dzol e UTA A4 Astel @ AYe <1 323657 28

g

elasticity (%)
& B

Pl
=]

relative dynamic modulus of

=]

0 50 100 150 00 250 300
number of freezing and thawing cycles

<% 3236 Ao wE e A A}
O Walton et al(1990) = 34

- Walton et al2 Z=T
H), TAGEH Ale]lF
323103k o] Aot

-G8 g FAYE W 37 §H73} EAWEH 2§ &S uzEv] 9§ A5

e

i

E dd 94 A O §53E, 49 37 €5, SAYE
of i@ &

Bg 2o Fd FEY AF HHHE (4 3.2207(4

NFT
= A=\ | Y A 2
Cileulated RDM = 100 [ G- 1{1{1) 100 (4] 3.2.29)
275%w, +118.25%w” forw, = 4%
= (2] 3.2.30)
“ |118.25%u forw, < 4%
G = 4.2—-8.0* (W O)+3.2* (W] O (4 3.231)
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g Aol

G = 27 $hPd me gs
G - SANEN wE 25
w, = SAYE WY F7 TR
WjC = wANE
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A7, fp = FEd 2F Ede] e =] A A
N, = 3 A8 AelE 3T
N, - Az 5d-4d AolE 34

HE Fal &4 F2(%)

5

(vh) S%3 A4 (H4A4H)

O et AACHAND) 28 Y 2 AT

- ZaEE 29294L He 2oy ZaE wud RNy 220 AFW 4% F
shukg-o] Qojit
- ZaelEd 2 At dEeA Su Ads ARAE Fsste] HAATA He F

2l Al
A HHF dod +# e
- 734 Al -.'ﬂ.E ZagEx 241 BAge] pH 3 ol&te] =& A5 FIHNEE TA 57
=3
- AbAdle] 2% il WAUEZS <2y 3237>3 ow F2E Hild dF AL <aY
3.238>9 2§

O Okamura et al. <S4
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< 3237 A4 oF d5
m #H 5%
o4 3.2.33), (4] 3.234), (4 32352 FAundly FHE o @ £ AL

<2¥ 3238> 1bduld g@ FEE @3 A

Z,=~,Ct (4] 3233
P Cb'fpyrfﬂ;f (%] 3.234)
— 1\ pHa—pH) .
Bg=10"" (4 3.2.35)
oi7ld . Z; = AAu A4 Hole Ay
Yo = Z42] AolE maF ¢hAAS(1.15)
G = Z2YEY Aguld o F J4 £5 A gHmm/y)
t = Aol gg dA FE0d)
G = 2aE9 A dF 34 NE5E 54 %mm/y)
Bowr = 444 ¥= A%
8 = A% AF
A = ZAgE AaAF
pH = 44 5=
pH, = 34 7|45 2 844 = 7|8

(4) A 43 & FE5H ¥4
ohH =

o Hz AL

- vz AFe S45E 98 544 nHde ol s, Aae AgHow
7 FEWS-N 24) B £AHe wy 93 edeyy 249 & deF 7K 9
W oEF w2 Ade] 4w 2UAMS zdstid, 2 olft PEAL Wzt FHA
9 &4 A Teets Bgd Hgely] WEY. T AW 3o U4 S} wed
Hol ATHA ke

ol

O 23 =99 {Stress Based Approach)

- 92 AR 54 A% nAH 49 ye
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WHE &8 olgHdM 7 52 o3 7 w2 @e Aolz <9 3239>3 o] Aoy
- E§, e 29 2HdA ’ﬂl-‘?- AHg S HEE & 7, delde qYE #7138 39 ¥4
of ¥ HadAA Aol 7t <Z{ 324059 Ze] 2Pz YEd ¢ UF
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8.0 4

=
&

Stress (ki)
5

0 4

Constant-amplitude fatigue limit

o F 3 4
: Time [sec) Number of cycles to fallure (log)

<19y 3.239> 58 ¥4 4o £ 3240 log-log 2 E

- ¥ B9k A% FYol ME Aol Y& F= FA WFHE dBo) UYYoR W
Hgien 28 WAL dudes F4 28 WARE Ao Feldo @
- g% B PRI 9 BEE U AMEY, HIY $Y HIA Ava A w

% 2 89 A% vy
-8 AFe AN A weh geARZ 33 $UHAS £E S 02 AN §
e RAOE SN 48 B4 ol 48
W el A AR melse W2 A% (4 32365 2ol Ukl & den B5
t W2E dojHare ZYHoz 249

N,=CxS5? (4 3.2.36)

= SolA mtgpzlg] AlolE
A¥H P

= F4 4944 1% HHY

= S5-N Zp4d 7]&7]

o714

SRS R

- g2 AgE A7) S8 A BHE ol &5l tlelHe HEE TSt HE Adsin
q] &

- BRE 352 AF S-N FH49 71&71(Ble -2 7 -4(hF-& -3& AFESHAIRY Ale] ¢ A
=

- 3= e gt g HE Ko7 of 2 HE AANF o] FE e AAF
AASHTO Load and Resistance Factor Design{LRFI}} Bridge Design Specifications (2010)
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M 5% probability

/ Mean of failure

95% probability
of survival

)

Mumber of cycles to failure

Stress range (log)

Code value
TCDHET&I’I‘[-BH‘IDMLIUE fatigue limit

Mumber of cycles to failure (log) m
<2y 3.241= 27 449 e

- AgE NE 2 B9 T A2 2Ye e AR e 88 EA A8

o]

& ?l‘ R Cf"ﬁFL{c{:nstanL—umplilude fatigue limit)o] sj@ 3, CAFLe] A2 JAH

2 200 T ALo] 2d) sFElT, o] AFAN HEL "HelR* HiE= 2
- ﬂzﬂ AASHTO LRFD 4AZ1E(2010)91 AH8 € A4 (4 32377 TE. EE

%

FgrEs -32] g FHAY <F 3236>& wE (4 32308 HA F2 AEFH2 <F
3.236>¢] MAlg HZ H3e diF HE AF(A= o 5% o FES e o2 §#14

gl
. A
Ay (4 3.237)
74 . 4 = AASHTO® Ho)gl 4% sEd gid uz Ag=

<#& 3236> AASHTOH AHegd A5 5 dig HA=z 4

Category Fatigue constant, Alksi-3) CAFL(ksi)
A 2o0=108 240
B 120=+108 16.0
B 61#108 120
C A4 108 10.0
C' A% 108 12.0
D 22108 7.0
E 11108 45
E' 3.0+108 26

HAE $1% AASHTO & BFHE <23 3242>¢]49} 2o] S-N FHe| dejz 7H

adzZE FdsE Y F oldE 4 U8

o

- AASHTO LRFD HAIZ]&E(2010)2 8 714 sz {5 Zzbe] gie HE8HQ #89 AR
AgE ATHT et An BA (3, $3 FHE] gk BWe A2 Ayl 3

geta shelne B @4 Zol W 9d &4 AP

- <(2¥ 3242(a)>9] BEEZ WF A MFARez 3FHT CAFLe| &3 A= 457} 1

F27] Wl o FYS AVALE e wape] N2 AYE AoisA %Y
- oa AeE $d WA 43 Q B Be F £ A= BAL EE R3]
AR AAE Wz 2w Agel o Ael @ hsAel o 2
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oelg 4Gl Wz RiFE CshE Aol thkshel 19 21-co) RS WF E AR
Agos $F 9 & Ae
- W 29, 20-be) A GA) UE BRE Aol we g AL

TliTT [ A T A I TT1TT

\

\Weld, typ.

' HI‘ TreYYY t“!’!
(a) Base {b) More severe (e) Most severe
<3 3.242> 913 49 4o WE 238 HAF

0O Palmgren-Miner's Rule

SHE ARe GAHeR AR AF 39
et 7= 3 Helol 4F¢E den w
ofof uwhe} ChF

- HE AE Ae]FE 94 AE #H2 deEs} BHAA 7] HAE FH &
&, Palmgren-Miner i3 ©adty 7|55 32 doget # A=A 7]
tH o2 ALEEHE FF £4 o229

- o FERL Y &4 7HEE d2n (4 3238), (4 32395 &

Ag AHBste] SASYAT, A FREL
WA AEe adste Age 3 2

ol
é:E

g olee] 4
el 7hE o

ﬂj

B % (4] 3.238)
i
Nyj
k
D= YD, (4] 3.2.39)
j=1

o] 7] 4]

L3

Palmgren-Miner 3 &4F 2] g Ale]| 2 7=
D = Palmgren-Miner %3 &4 2 ®

n, = S04 334 AelF §
Npg = G404 a7z Aol &
ko= o2 49 ¥ed §

- Palmgren-Miner 772 o] wZ W 7} Alo] & £4H5 of7) 8 of7|| &4 HA 28 W
glell i@ dde] s]Fal= —‘»}011_ ol wlEay, o] 28 HYd HEHE a4 F
Eabe 7 o8 weolM FAE E4HS 7heks] Falete BAAG S S

l

O Cycle-Counting Method

- Palmgren-Minere] ¥ 3&& A&t §8 2HEHE AAS ok sl7] didl, 83 AL
283 A9 28 UL 59 A SAEage waas] A8 T2 AL PHel @
ag



A& e §E dl 7hA A dEe ASTM E1049(2011)0 Z#Eo] l&((1) o® m=}
7HEY, (2) =2 7Hed, (3) 25 HY 7Hed, ) U EESF FHEE)

Z WEL FolF £ ol fiF ME YE Y 2HEHL G4 9,
Palmgren-Miner2] 3 % 325 de]g(S-N FH)o2 HFHelof §

TEFdle dAERS WME HE F4d HEgsidn 359 (Dowling, 1972), ASTM
E1049 (2011)8] #HYEZF Sd= AelHe] &

ASTM d1E2% el H gt Alo]Fo] Alds:= widd, o
o]z e BE AF HA Ao 2R AT

o] W& Downing and Socie(1982)e] o]# 7i=f2 o5 Hdiso Aom EAE JAL =
Eooezgelen $E 5+ qlg

gitd HEES WHE ARSI Ale|E9 FIEFES FAHEL  A|EE
Palmgren-Miner 73 & Al&3le] & 88 He=E WEstd dipe= S-N 43 d2g
(Swenson and Frank(1984))

grefilE HAERS WHE <Oy 3243>3 T2 HEE/EY V2 HE8 = 9 o]
ahfe] 3 A GAE AdiEe fA)e] Has) @y (He 4 HA)E BF Hdee FHeld,
gdeez Hd FH(HH AE 27 93 WgE oA FFE =3, HdA) o)A« w4
2E dlolg FRAEE &8 eolgde] oz oFAY

e dAER

i
_IQ,

L 49

i

6.0
Summary:
4.0 (1) 0.25-ksi cycle
{2} 0.5-ksi cycles
1) 0.75-ksi cycle
20 4 11 (
= 1) 11-ksi cycle
g / L eye
@ 0.0 0.5
- D
-2.0 4
-4.0
§ B
-6.0 r T -
(1] 1 2 3 4
Time (sec)

<% 3.243> 3rekE 9 Al EE S vy
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6.0
4.0 -
i 2.0
0.0 -
&-20
4.0 1

Count IJ = 0.25

Count GH =0.75

(c) (d)
<3¥ 3244> e E AAERS JEW dAE A

6.0

- g Al dWgls <29 3244(a)>oA Ebd A} gow 372 diolE] X EH gl o]y

Aol A UL u] AA Alo] o] AHAbg

<2¥ 3244(a)> A 7}A dlolg] MWA, B, CE gl &y deolg FUAE Agt B Alo]e] &
d A= 2% U YE nAHD deoly EUE B C Aleojg] 9 2e §8 HY XB
A9

-Y7F X ¢ #AY Zew ygzt sl ESE T L EY WS #AE dely EQIEZ} AA

- 2% Hrt ulFY (AASHTO 201102 A 7HA4 A4 ddely Fe #z $98 443

o, Y7} XEot 39 & dof 47t n ek A2 dHolH EAEE BE ¥
Add "= e

AASHTO(2011)

4y

HoWE 2% H A (Minimum), 23 (Evaluation), % (Mean).

- AASHTO® §74 st &52 JA&317 93 =244 37 A& A4

=9 WY FAHAZ A 4 W ZAYAE sd FEL 2% (H£), 16% (F7H)
S 50% (H )l 23 3HAH

- {4 HES A2 velEe] HEMyg F HFE HAPF @AY Hrt HES JEuog § ZF

Ha}7h A0, AASHTO WS 27 9% 28 ¥ A o (4 3240037 e
F 714 E834 a9 wdd H@rh A3 o 7L (AASHTO 2011)9 93] sl 242 18
g B4 B4 (Rsa), AR AE EY SFoIA BHAMRs. FE FF RL4(Re)
= (4 324D)% JEE $ 9l

{"'—\*f}ujzﬂ;*&f

=

1 3.2.400

R =Ry*R, (4 3241
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of 714 Af = &Y 94
(Af)y = %5 57 99
R = 29 ¥y 33 &8 35 84 (<# 3221> F2)
R, = %% 3% A+
Ry, = 2% F3 %% 85 A5

<3 3237 49 WA A 78 AsR)

Fatigue life evaluiton methods Rs

thae Bl B 2§t 53 W 2 LRFD A & =2 5% 3614 1.0
aohE Ao 2§ 28 wWe g -5]--,.,— olF A3 E Ed e BEY 8 E 0.95
A S4e 2% 58 98 ® LRFD Y744 & E 3 3614 0.95
Hud EAe g8 &9 weR &F olFE A7 E W g EY sk 0.90
A Sy HEEA 93 &3 H3 .85

Hi #H2 Fg(EE 99) 1.00

- HFH o £ A2 £y vS (4 3242)02 A £ A2, AF AFRR
oz g o3 d44

2 4 ((ADTT) )l didll Hoste 9d AdeAe s5F Hd EY $£= (4 3‘)42;
ALgshe] Al 4dsloF 39, AASHTO H2H-2 2%, 4%, 6%, 8%9 4FEL 7|

7 B4 wEFE FASE d AEE F e dd aMzE ATk e

-8 Wy Meol2 £ (n)E LRFD 4A(66125-2) <F 3238> (AASHTO LRFD
Specifications 20100, 984 == d@4 495 5§ 748 &+ 45

r‘p

] ﬂ

5 o
Tog g

ﬂl

|

R*A
¥ al - (4 3242)
365* n* (ADTT) 5, * (AS),,,)

o714 fy = Ag A

Ed Zo] B2 2 Ao|F #

(ADTT),; = @< Ao 5% HF 27 59 +
A = 24

<¥ 3238> B8 F¥F 3 AolEn

Span Length
=40.0ft = 40.0ft

Longitudinal Members

Simple Span

1.0 2.0
Crirders

Continuous Girders

1) near interior
support

2) elsewhere 1.0 2.0

Cantilever

Girders &

Orthotropic

Deck Plate 5.0
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Connection
Subjected
to Wheel Load Cycling

Trusses 1.0

Spacing

Transvers

>2 =)
Members ~20.0t = 20.0ft

1.0 20

A 3ol A9 UM HRE 4 A AR BEH BH AP 2
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Ef 21 o,
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<H 3249 FagEs A AR B43A

sl i 7
5 g A5 ol q= S A TR
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(a) 1* - 92933H= thy 2% - 10.090H:z (cy 3* - 14.185H=z

id) 4% 27627THz le) 5° 28.166H:=
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O AA wEel AAzBE AHow wus FAsA wdas 2 Brhsas] W,
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O R 7|z vig#e FixE n4E
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LS, melsh GA BT Hs) AE el Gde] EPReR WANE W
o ihehg

""‘-\.\_\\.‘ _._'_'__'_'____,_—'—'___
\\“xh__ !
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<39 3.2106> AAZ=A TEH 4y

Solid A SA=Ad= Feuely diHoz FxPHA ABEHE E4AE I8
3, Spring WA AME LEFY FAH2 LT 2UAAM9 HAY AFRE v u/FEH}V]

gl sle Solide) 4 Zapz ] AHAF

&) 4 A 7+ None 433, Spring 423, Solid 166722 Solid ¥HE WF B A7ko] £2F
* Deep-Learning®] #-&317]¢+= oje]& Aelgl #vt=7] W&o, HAZ2AS Springe 2
HEsle A2 E71935Y Springd HUF Solide] A#e}l FAESIEE BALSle] ATE F

e 7H4 A FAe <y 32107>9 #) Solid e 5 E EdoA L8 ()T
ANE Fd A=Eg MRS il <9 32107

At ool wel Z4gkel Aol S, AskEE Aatre] 91H L £4 Ko wel

= AAgke] 924 &% Heolet AT d

SE

matd, e ZA o} FabskA HEE 5 oode Axy ZAge] Has] g, <2
g 32107(c)>2 H#ake] 600N/ mmE 2 £3le] v @/ 548
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i} i
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20008/ mmS 2-E5% 2 None, Spring, Solidell i3k 4 Axel wd AL 35 <
d 32108 JERH
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<28 32109> no W@ fhelne] =& Alaae
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-

O 4 (3245)~(3248)d nd] P4 Fdlwe] wd) Fd L At ALARE

ehigls, $4AE 2 ARel AU G4 s

O 7 #4& FAEIARK,), EF vh22He), FAHE(), TLUE BHFF (), €
Fltgy), 38 AEEQ), AL 54 EHo,), BF FAF F.), Do), F

g ¥ o
+REM) 02 TN, AFHoR 44 44 33 I FYEAS AYRLAA

- AAEGA S
K, 1—sin(@)
0.426

(] 3.2.45)

BAEE
g T Yeonorete = tatas X 02
= 2350kg/m® % 0.8m % 9.8m/s®
= 18424N/m”
= 001848/ mm®

(4] 3.2.46)

- HallwA ey ES)

o = Yesil I

= T (e B 2

= 1900kg/m® x z % 9.8mfs (2] 39.47)
= 18620N/m® x =
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o, = K,ilg+o,)
= 0.426(0.0184+ 0.01862 )N/ mm?* (4 3.2.48)
= 0.0078+ 0.00792N/ mm*

O % A7 &4 dF Axde F8F9 ade AZ7E Edale] W9, WHE Fof AZ
dolEl g AT A ou AsHn Ui AshEel & AR FAHA oy] fEel, 44
A did A= ZAelHe] 9lS

O & wat OQuput dlele]7} FeldA velvs, HFH 2 Deep-Learningel 2|3 &4
d& A Asle] Ayl MEAe] #HilE F gleng, A4 233 {FAE 2P H¥E
FEste AL 433 FaF

O wtr, B dpoMs ghga o] 27129 dtF A3 e wE 4 ARE BHsia
e A wdE 24d

- 2 Step : AslE(Step-1) -> #ahE(Step-2)

-1 Step : #3}F(Step-1)
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2-2ALE B2Y 744 wd, uha].gaty) e 42wl

O old@ &4 AMdog A HA B4, Ao =24 N P, wass Ay
A4, 23E JdHE A FoeR HEE F 9E FAoR F@uwy, B dteA ALREE
Deep-Learning %'H91 DNN, CNN, RNN& ®E##Hez Fdg &42 71828 5+ g= 3

AE AYR D&

O WA, ¥ AFelAE RC FEEo] TS RE £4% ¥2HoE WAL 4 ojoba
7] WEol, BAFE) BAZ RC FEEY £4& FEUKE 3250>)
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0 B >EN A% 88 gue s12d vunyg Agse, Advdd BAstE ¥ gL
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]

{j) Case 10 it) Case 20
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()l Case 21
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(d) Casze 4 (1) Case 12 (v) Caze 22

]

(w) Case 23

(m) Case 13
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ted Case 5

if) Case 6 (n) Case 14 (x) Case 24

J

(v} Case 25

(o) Case 15

-]

(g} Case

th) Case 8 (p) Case 16 {z) Case 26

' (q) Case 17 (aa) Case 27
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(r) Case 18 (ab) Case 28

<a® 32112 4 29 £4 Case
(4) 54 29

O FFE2 £4% Deep-Learnings E&lo] dl&sls 7]HE 4204k Aol SolMHA A
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ANE =&E57] fs A Suel FEF nF HEAE FAstd iy wPgE ddaz
Agetar a4 29l APE HAHd

- A2 AF AYE S dEFE FAE 4F3H

~ At Fabgh ;3?1]""?]1'} "S:!’f'*| 238t = &F S HANEY] S8 AF A4 & rdsigen,
BagAe] HE springe 2 BARS 2 A AEslEe] e vyt gobse] o AE

- g, ug, a9 e DSEJrDﬂ 8 BAe &42 EfHE o|8S 9oz AHEsY @44

7o AAZ RSP e, 3 S F2REL HHAMEE dAE] wiel] & B(s

oo aof(E, el 2 WAMERE FEete] 3 28709 &4 dig dieleE 44 F

- Heolg= As{A (W), S )H(AY), ssl(FH) 4 IHES T8 Ad¥dey As
AT 2000070, FA (W) 2000070, FA(FF) 377 delyHE A4

- &3 delHe FHd HF BFAES AEEFT] HH F7F A5 MAE s HELen, #HY
A3 do]lg 7t tha AoldE) A& A4 2 A (roundoff error, truncation error) 2 HgHE

Y. 2F 7Y € d4F A=H
(1) 4597t 249 7|7«
(Zh 71€ & €4 FH B} FEE 4

274 Azwe) Ao A ¥ AL /1E @@ FAT B AT AL
MrEe] MEAS detas] gia SHEEA el /U £ wd fAwe A7 ol

O B5&83 1T EE HrP7|EE dTEE 53 X2 R HEY 29 2 fAEES
& EH__' U g T FHEAY Z3 FEEH LFTEE Hr 7Y A EHER F
NEd 7 Hrpz|ge] dig datEe] dickee] B S A E L lSS #9Ed S

-‘:]’b 719k Prhge] FE o|F2 2 FFEE SH9HZIH(RSM, Response Surface

Method), 2124 &4 7]H(FORM, First Order Reliability Method), 2 H7IEE Al E o]
AMCS, Monte Carlo Simulation) 59 185 #93<H{3252>
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S e WAl E WAL ohe e wEA |
gt ze] A 2 AEHoAMCS) WHE AP Fa
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EHYE 7lYSE e ELEE T EEEE!
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Ay Axgeze | Q45 2ag e E“ G i 2008
o] oA 23 4 Ed AT e B b Aoy
- g Bl & A4 454 A13E 4E
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wle AE S HE4 AIE= AlBde)dg Fa =4 g 3 | 2014
2e -l sl A,j,-nuq =8} A PA S+
AE dREHE
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Ul e % W, g4, HHAE ”15 FEE OEfStn EHsER 20104
WA ¥ = *lgl’ﬂ '{-MI-'E. bk AEeeldE FE A dlste S"el | T
&7t He 2% RogEg 7§
Effect of
reinforcement Dimitri V.Val, - Kol 2y nreke] HEgE daldgey
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; Frangopaol ME QA 5F metelo] makdE
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optimization for Min Liu, Dan M. o 252 fgeF # 5005
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considering debe] ZHAER AlFdedE Fd wa
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2 g and life-cvele cost
Evaggelos Ntotsios,
Costas
Bridge health | Padimitrion. | o opo po gs wan vpe el
:'::2:”:1":&“;-‘;?[[?5: l’am‘I:::nq&Hg ]:i]:nriuq #gk I E EEate] Lo 455 @& | 2008
5 t e '_ ’ i TERE AHE A
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Kyrakos Perros,
Philip €. Perdikaris
- #aE E e i e H(FORM)
Bridge reliability Dan M. Frangopol, st ﬂTi}ﬁJﬂ:;:iiHD;hiJ%;-%i L]_i_ﬁ]_a! A 5
assessment t:pscd .-:;Lfrcfl stl“c;llss. EpEe Nz AL MAw 2008
on monitoring Sunyong Kim 2re B ujbdd A BT dF
Bridge model - $9Hr|dE dede zFeddd QEks
updating using FE U459 @t Tatm B AEHeA
Response Surface Lu Deng, C.5.Cai £ =3 $d4d gE o 2010
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Algorithm HAg
O olde mBTrEel BIIUES FL System W a1_- w95 E, AT 5%
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Asted 2FE FAL. B AFedA ERRE s AS57H5% Response ¥ ¢ Condition
RTEE ol§dte AFo| oeld System WFE FAHE= #Hed 7|yt Zd9 A2
Z1&0] S Ad3ty Yol wd

(Wb #2718 BEEst 299 71g 4 R A3

O ¥ @M ole@ viaed sute] FeiHsl WEES o7 uF TR £4 74
sl bael @ MAE e maY JEE A48 AR bee wad 7
We YL Hae

O WAHYE AFEIL 222 FFHES FuAF L e ABsE o Wi oA
wal staE LRIYEE o E3ke) dolHE Aste wHEY

0O Hadde o BYPYESL A4 H<3253>3 o] 5714 HFEeg AL fled
(Domingos, 2016)

<& 3.2.53> 5717 A= s 7+
Ay 4| HEd ¥12T 3} EEE
EEWE 04
S HEEHE i s Ol EASHRS

(SWM, Support Vector Machine)

HIoI =018
Bl 0| == | dpuoy : NEsE s
(Bayes" Theorem)
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SNEEED
JEFY = _IL?“:' | Hso o1 04 o1
{Decision Tree)
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HEFe | QEDRZ2IHY EF fﬁ = 3t SEREM
(Genetic Algorithm)
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<219 32113> K-means Clustering 7 £i{Lantz, B., 2013)

O oA 2, wEYESNR ¢neFI vady, v HEH2 dxeFE o &35 Al

vz mds #H4 I?']L 4 e Training ‘]—’9“— og AR 5 2dE o]&3 TestEF 7
Aal= wbde] F o] danEFL g dely AME o] &std Ha S AAHE 2
the FHoel ‘iau

4

mebA] Egolyd ARhe A3 DasiA @A, HAES fad VE HolHE wueld =
=ajobal7] WEol HAE AZto] W4 Ao @A AR gl FEAo] WolAme B
o tol] HEHalA| ockn kg

Ho|=2g

O ¥olz 29 F2 YNAZFELS Wol2e Ye<IAI218>E o4t £FE & P

&4

Likelihood of the evidence ‘E’

Prior Probability if the Hypothesis ‘H’ is true
P(H) * P(E|H)
P(H|E) =
, P(E)

Prior Probability that the evidence

Posterior Probability of 'H' :
ltself is true

given the evidence

<% 3.2114> we|= e

O Hle]l= o] B4 AFHE S (Prior Probahility), 12 5% % H(Likelihood) & o] #381<

ALE 25 (Posterior Probability) & 78w, }? oAl A e FFS wslAA o AL A
ga8g

O F, 871 ojdl 21 3ld AR A2 558 ARE =Y <& vBez ATHES

dFa 2As W™
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of e 7 SPUSFES] FEES AT F Ao FAE AL R W 45
QWA E Uehle Aol vie ofae BAelnz, ¥ e HAsA Yrin gay

71E 59

O v 2ugdE AFH AYE vE e R Ruled 24, 4438 Ruled &4 2 oF
o wel AF/FEGE EY s drnEFeE di3FH Yn=EFE Decision Treed <y
32115>

B Critical Success {10/ 30y
A Mainsiream He (10 30)
@ Box OfMcs Bust {101 30}

| Nmberumelemﬂ |

‘|7“L| L
Gritical Sucoess 1/ 12) Critical Sucoess (97 18)
0 ]
‘ Mainsiraam Hit (1 12) ‘ Masnstroam Mt (9 1 18)

@ B Offico Bust (104 12) /K
¥

O R —o—
(Fn] ~ o ]

Success (1 /10)
‘ Mainatream

Hit (8 1

<17 3.2115> Decision Tree o (Lantz, B., 2013)

O Decision Tree2] €3 & &2 F/FEE C45 €50, CART, CHAID, Regression Tree 5 9]
glom vlAeldeA Decision Tree= (5.0, Random Forest®®¥ %3 3o] Random
Sampling ¥ %2 E2 8 o]&sly o5 ABHYE o] WHE AT

O B wgeshe 2ol Aze dolEst o9 EHHAEAS A 44 BAY 5 A F
Agr ohy AR Aol e AT 5 A B A

O E# Input ¥ Output W5 3, S
ZEQ AL 7|E AR o2 HALET HE L oF AALE HY
H3 Fa oo dAes AFEE Input, Output #H59]
oeBv 2 Decision Tree ¥i2]59 o]8e] te@zaloez
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2 4AAEE 2P ol

O E#, B9 RQo|7t RoJA5F, FRW FHo| 47 AYel AXR, 1 FHo® MY B
E d3g Updtn A% S48 49¥ 4 95 43 Weld 4 dvks wHel Yol
Ng4ol Wold 4 glomz &4 FHol HAHA ¢rin BHy

A#F9

O 3 23 F{Genetic Algorithm)2 2FA A Al 2] ZFafAdel] #]2=%F A2 2249 & &30
=(John Holland)ell 2]&flA 19754l 7t 2o HAs 7|¥Hd<ad 32116

| | POPULATION |

MUTATION

[ NOLLYNIGWOOTY | | NOLLDATAS |

<% 52.116> Genetic Algorithme]| =
(Olsson and Magnusson, 2016)

O Genetic Algorithm2 F#37] 42, o8& 7] dde= F3] dAFez 954 g 2y
g 7HAT Eobe oy A durt EA48ke tdd A2 E FAle #E=1n IS

O &A% & d7elM €84 deolHE nely o, tFd 2P &4d BT AEE ng =
AT SHF5E AA3 = Ao o FER & A7 HEstx dva dgd

AdFe

O &4 744 zZtgva gle WAy 7189 f 239 (Deep Learning) 2] 7|27} He g Eol
o F2 27ty HE 2wg 2dugFd AFAALTL Fukd

O 7 ESZL diEd dudF¢ Beld 718E 7|&E 78 VIEH IS Husie g& 59
Hidden Layer® 7}A 1 dvi= 53] ddon gy 719 & w3l A3 N7 %z 374
A2 2733 w48 #FA(Non-Linear Relationship) 54 2d9a @ & v #3E 713

O <19 321172 44 g8+ d85d 21H5 39 Convolution Neural Network(CNN) 2]
el HE BAFE
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<1 321177 CNN architecture o (Taigman et al, 2014)

O o8& Deep Learninge <2 AL 2 sk Role] o] Al&sln on] e 34
o] Hgldrs LHe A7 wobd

L:J

el

O Fded BAGESE dg + 30z, 25 ¥ A5 ¥+ EF oF + iz €& Deep

Learning 2}o] B8] 2] (Tensor Flow, Keras, Pytorch 5)7F 3l 35 o] glo] 7lw#2de] &8

ot

O fnput % Output ME2 WFY, A&Y WEE LF 48R + dovl e AL o
% A%ERYD 08 2o o3 AREE =

O EF Input 2 Output B2 FH2z HFY, €453 Ax7 o450 P8 242 +
ser, B& d47A el & e ZEE vFe] E o B 4749 13 e ¢

ag| gzt #Hrhd

(th) 287 249 7|¥7| ¢ A8 vAds 43

O ¥H WY F2E $H ¥ JIY 24 Fio) AN BURM B2d F2 WS,
SEA, AGEA, BG B4 FE Bk TEE AT N HUE AFALAL A
g %+ A%e

O AFiLe] AF F A% N2E AN Aok A, HIEA, L5A, L8A, AEE
A AFA, BUESA 5 UNY I B £59, 3E, Lo U A5As, A7,
E-E5, Aolkel B9, w7y F9e A 58 FAHEUS & T, 2000

O AZARE WESA T ATE BN Adiol WA, AFoI A, A, £=
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FHE2 9, 2004)
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i NN, NSSH, SSH, SIS, agzm NEH, Sz
K HCH 2 i =
S8 S50 TEHO A, DIKVSS, DY LM Ss =3
BIENU, AN, HESNH, NECH, SCH, 2SN ==
Y= D NESHH 249 Hus, Do FAHE L B2 L 2IEQ
s S8 =3
AN, 2EH, 25N, N=CH, HESY SE S50 D29
4 =282
SEECS S I8N, FESY HEY L PESQ 25 U =8 =37
INSSH, HOIH MY, HASH, SSESH, FAH, S
S AVCH I ATH S2 SHAH DT WENST, AT HAE, =
MEo Z3 @ Ex o =GO AW SE =2F
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S HEH S8 =6iM IO =8 HE =5
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(2) AsY dele& &Y &4 F3 A=d AT

O AAE AWt WHEQ Deep Leamingdt AMFES 7Wtow &4 34 AL 7)
wal7] A 4 1Bl A Med Pz dolgE Wl AEAY S Uk &4 33 A
e AW, A2 ALE A4 AolE, FeAH dolel FARe] dole F

& @83t pEEHUE
(7h) A4 dlo]H& o]&£% CNN =24 A

O 94 AARE AdF9 waeld 71Ha, dgeds 95 5 = 29 Response HolEHE
2| < # o, d8d 714 713 Bdd 2dy Fgez AAHEHAE

O @W P A% velEl<1¥ 32118>% RXAAE 74w 2 R 03 dolEs &
AYTH QA o]l Holel<2Y 3211953 olel fAEel Ug

2 F ouAZAYAN AF AHgH R
49 we AREE 1Y 4 Aoty BeY

O wEka], B gt A= WA Convolutional Neural NetworksS 7]dko 2 §1 Abej@ vl wolg]

7 et RS

O CNN2 H7d%e] oEFd F7< Layer 5 Convolution Layer& 2 ¢|&% Neural
NetworkEs %alH CNNE ©]-&3%F Deep Learning THAelA = Input do|lHE o & Eg
Convolution Layver® 01-9-'3]"3'1 Edg g&Al7|H, ol F& dF 7% 53 2 CNN

- &

dngEe AL o F

J1u

O & dAolss CNNol a® &4 diolglg Hdsa &85 8 azde o8 e ==
FE UFrn 7z esd di&sHs o8 dolHE AST ., ddcld Has Fal 2¥d
o] &%, ASEES CNN2& ShsalA wae] 79 §1% meto] Abgstazt a9l s

In Each Mode

Laad |
Displacement |
Straln h F
<27 3.2118> 2 &4 Holg <1 3.2.119> Image recognition © <] €
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W, Zt &4 case®™ 10002 delel& 45k, E440] Yl case® EFE] F 20,0007H
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WY, MEE A e A= FAHHE US

O oA § Fx3AY dolge] FF LA AF A2 AL 5 Uds 23 9 Sgsn Sl
A fkeol AEAo] "ol Aol 2ol CNNE o843 IF +2F &4 73 71 A
WE fl3fd CNN &4 34 2dd 883 5 =S FAY dolHE HAAFHopst
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538 £ dyedMe A% a5 A= @A 2EetnA stgon, AAASe] Bk A
& sl3o A%, CCTVE F8 998 4 ddxu 7/14sdE

A # 2 vla Eyedea recognition(2017)& #A shvidsE ZE&k aate] A5 2034 o
AteFe] EH 08%2] AH¥xr AAteR HeogdtsE dudEFe “Make and Model
Recognition Software for Static Cameras™§ 8383l dufsla 912

cha] s, Fivlels B8 AE 5 A= nFe] YR e gk 913, Ao TH 59 T
ete] Fbed

43

18 Sl wakel] AAEE 2 shEo] old deolEle] AAe] sssittn AL s
i, BE e digh fe|HE o] &dygS

(ch) BH4 de1g AT
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2 Aol olgstand s wgudlolels FEe o 10709 e culey A4,
2 &4 4 22 -2750N, 400N BE WHE HolEs 3 HolE el 27
2 Aot A

mpebA A elolElE dlolE Aits AA flo] o]f Tt FUHer Av|st vE F FF
Hlelee] oj&ats CNN Rule] 442 of7|3 & glon olo] wlet WAE dloe7} Fo
vEd $27t gerz, 7} dolE 9 scaled %HFE A AAe] A5-Hes da

CNN %ol dolH& < 8317] A "y & deleg 3+ (4 32493 2] 4YE de|H
(Kraa) N A A (K n) & ARAZ A 2 HOHE BED MO 2 WO AT
& AYSEE

HAEHe 359 A9, 4000Ne2 350
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AEe] gloeme WHEN Po] AFHE A
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HEed ¢ B of BA HEA He=
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_i:'hﬁ“ o XHME_Xstrdii (2] 3249)
T etrain
= ‘x-iuurf k LT ;
Xpwd = — (H =4 de]E) (4 3.2.50)

e 4000

<3 3256> AGEE vely WE(HAEE D9 = 138x1w07t, WAE FFEHA - 285x1w070)

Do EEES FETE] ota grer o
‘L (10~*mm/mm) ikt (N) s
| -3.03 -0.57 -2.750 1
2 1.20 0.90 -2,750 1
3 3.72 1.78 -2.750 1
4 3.00 1.53 0 0
5 3.01 1.54 0 0
6 2.35 1.31 0 0

(2 Heolg A& 24 &g

O A4 HYEAE F3 24 He dgEdelsHe A8 AUz YL 715de] sleeE £
AgelA s CNN msle] HA #E4E &eol7] Adire AFE AT delee dA

g Ha@ 238 HEAA 2 PHEE HFE= Ao Yoy

G e QAT Avedte Aged e & slow, d5eAt MYEs
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o oA HEEA AzAe]l Micro-Measurements(2007)7F A3 88 223 71#& o}
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<2¥ 32124> AE 7AHAL SEREES(ETE = 0, ZEEA
= 0.005)

0O 29000712 delE= g delgst HE dely =2be] v &L ZH2F o 7:32] v &2 Uy
ojglon] &5 dHo|Hi training set¥ validation sete 2 Lprpe]z)n] g22] Hl &2 Lyo]
T4 8ol &

- gdeleg AZdelys 2 20,000702]  dlelE, 9000712 delHE eo)&EHgn
training set® validation set2 #tz} 16,0007, 400071 2 Y+ &<H 3.257>.

<¥ 3257> tdlolE 25

T 85 dlolg 74

PR A% dolg A%

i training validation

4L,

20%~30% 241 16.000 4.000 9,000
(vl) CNN 249 +A4
O B dpda] CNN 2o 852 2935 Aldss 33 2 das do)eey AL dolge
377} =d&lA gos EA0] e

O wetd ZF W5 7 e convolution 33 2] #H&e] #15E RS CNN architecture® 4 Al
i R

O AFEF CNN architecture™ 938 laver, 8 lavers X§, st5delg e 55 25 24
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O

2| convolution layver, WEEdelE e 2ga #% 3702 convolution laver, flattening
laver., 2702] hidden laverS E$8H= [ullv connected laver® o]f#el#] ¢t 4%+

softmaxE o] &3}

CNN architecturet 2z} dlo]El2] MEHel Z7|E dolE2 SAd A Z=AHUL<H
3268, 1% 32125>

CNN architecture®] & &o Al&% Hyperparametere th&3 T8

- batch sizet= 32, gradient method® adam optimizer= AFE51H &

Learning rate?] A% 00028 A Aoz st 2503 T 1964 74 A7 exponential decay
7Y & | 83U E<E 3.216>

- Activation function2 RelLUZE o]#3}91 3, 2} convolution layer % fully connected layer®l|

ol & + UALE AL

£ 7HFAE 2713837] §1E initialization 718 ¢ 2 Xavier initialization= ©] 839 &
E& 7|E R4 Regularization® F7t8le] HHEE =eolirzl 852w Regularization o
e L2 lossE | B3ES SdS

s

RE #}AL python =7 F4E o CNN architecturers tensorflow® o] &3] 413}
i B

<® 3258> CNN architecture2] 54 318 Hyperparameter

Input Size Filter Size Qutput Size Stride Padding
[Height| Width | Depth [Height| Width (Depth [Height| Width | Depth| H ' H v

layer

C#1 76 33 1 15 15 32 76 33 3z 1 1 7 7

C#2 76 33 32 7 [ 32 76 33 32 1 1 3 3

C#3 9 B 1 2 2 512 2 5 512 1 1 1 1

C#4 9 B 512 2 2 |1.024] 9 6 [1.024] 1 1 1 1

C#5 9 6 1.024] 2 2 1.024] 9 6 1,024 1 1 1 1

Flatten L 3 i = = = 1 1 (135559 - = = =
9 6 1.024

H#1 1 1 136565 - = - 1 1 256 o = = =

H#2 1 1 256 - - - 1 1 29 - - - -

Softmax] 1 1 29 = = . 1 1 29 = - = -

<,

® 3259 Exponential decayE #8231 learming rate

: Egfold 34 8
% [a] T =2
Maodel Learning rate A]Z}d Learning rate 7t4&
= 0.002 1% / 2508)
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FEATURE EXTRACTION CLASSIFICATION
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<% 32125> CNN 5ol 4145 architecture
(uh) 7A¢E CNN 2E¢€ & & 35 A5

O CNN R2L 100,0003 training iteration 7|32 ¢F 18417k &5 A ko] A85AS

=

O Rdo] ggo FRAFHL validation accuracy@te] 713 2 X o2 HASANE
O <2¥ 32126>2 Z} epoch?] CNN 229 #H# training arcurary, validation accuracy&
HelFEwm glon <3¢ 3230>L g MaAE doltl UL training accuracy, validation

accuracy & HoF

O <% 32126>& WA epoch’} % 481l oIE WA AAEA HTHANA OIA %
B m&e FAsHo of 508 o FHEE: training accuracy: %) "‘“1'3” ««mar«m

validation accuracy+ 2318 S5+« AT {45 He|7] Al&ds AL 398 5+ A5
O uwelr, 50 epoch ol Hg #HHE HHEWH, training iterationﬂl 21,9708 (44 epoch)
validation accuracy?} 7} =¢%eR= o] g 7|Foer Fdo &FE Fusly HAEE

2859 S

O Training iteration®] 219703%Y o validation accuracyy® 8095% ¢S #elstgd <1y
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<3% 32126> Epoch 7o) of2 CNN 2ol <a) 32127> & Sl Z71d o2 CNN

epoch® ¥ training accuracy( Theh4 4144} 2] X512 raining accuracyt =k A=)
#H o+ validation accuracyis=4 #H4H) validation accuracy{E24] = H)

LY

® 3260>E CNN B2de] ¢ gaAzdd #3d Zdo dia] wdgAe] 238 &73
zﬂﬁff_l- 2o HHES HeolF CNN 299 F$ 237 §i& 3% Hd 805%] 4&
29702] class & e B o, ¥2 AHREE 4L F USE HIE F IS

P
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<E 3260> Zt 294¥ o FE AF 2 HAEAY oA wE JHF

2 5}
{ur"r;i?\iinniﬁts:fﬁ?gn] Error of strain gage Accuracy
0% 80.5%
44 1% T2.0%
(21.970) +3% 45.8%
+5% 28.0%

Y delHE #EFH &4 34 AlL2g 3AdE)

A A HlolHE 83 £ 4 Aol dydS HA we &4 FH A
54 Hd, weF frA DA gadAd 222 & 4 92 Aol By

SAw, A4 @golA dehd 4 e wae] AE dolHe] Ag 54 A% gEol Aa)
o] el Ho Qa4 dolEest ohd Ea4 doEE e wie] o] Bag

uglA ¥ Aol AE A deEE #4F dejd REE Adslanz sideoen, 4A
CNNYF 2 ast9d AalA dielget 2], Deep Neural Network (DNN), Recurrent Neural
Netwo?F (RNN)= g7 wlm 843le] Hejyde] #87H54L8 AAstaal 98

w3 WHE dolH B ohleh Wel, &% dolHE Hestel £ FAY 4 & 2
@ &4 34 1298 AR Ago0, JelYs 28 o, deltel tehit 3
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(3) T Y dHelHE ¥4 &4 34 A4 AL

(Zh 84 dog 74 R €9 29 AL

O F3HY HeolHe F42 oM M AAY dHelye 4 A ARHoR FAE
galSS diEH ez AMEE= DNN, CNN, RNN =% gz

el
E AEAAeA Bad dole 3840071 F 80%F TFdolH A,
20%% EHIZE S xoj27t A 44 H2EYPo s HHP<E 3261>

o
rie
rR
w2
)
it
o np
1_.

O 53 "¥3d ¢ EFe se Pdiddes %9 o)zl 2l& = sls=dH, olF £Y AF]7)
et 2 Jdelyd 2ol sy Al Hyperparameters(Batch =78l HAH @7, 58
(Learning rate), 7}& 3 £7|87|Y 5)& 5459 Al&g

rufi

O HE4d ¢RI EY g SFe 4 drndF vig £48487 £H8E gd 47 b=
7] dgel, 48t ]- g A Y
2E %‘J{}'% & o ’éi}iz AFsH &

?" EI}-

don #&¥E zZF gy wde g

<3 3261 929 #gre] dely &5

TE vy E LE EE
Sedole Y 27,840 27,840 27,840
H2Egd 6,960 6,960 6,960
Bl 6,960 6,960 6,960
(e S 6,360 el 6,960

(1}) DNN 7|¢ d8yd =4

O Ao% ¢EdolEeE &¢5el7] sl E 72l DNN +&2E <2¥ 32128>3 #h DNN
of] A}%--&}fl g8 A5 ¢dgdolg = HHM:Amm o] B &2 1%&5{1014 = TkAle] A3
gdAAd2S 5 F5i9e

O gAdAZE B3 Ay ﬁ}:—;’—,"—, 2510 F4°(Score Function, SoftMax)& #3% #a 43
- |29 3ol 237} Al4tE o, DNNe| 7}3]8f vpole] 27} 23 5 oY

O DNN& &8 stgely AMGHE savE s <HE 3262>3 25
- ‘He 2433 2 43 & Yey, Z+ 24359 B35 LeakyReLUS AME-31% oM,
Dropout& H4el F7lste =& =g
- FFAIE FUE S, BatchE HAS AT
Hatch“ 13 A4k Alo]EE 237] #&] 64 27§ RS A oo ol ulz}l 6472
A HelHZ A4E HE o= DNNg 7F53 s blelel~7t 138 239 & =8 434
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- ¥4 S (Learning rate):= 7] 0.001& 4
& F2AA ggaeo AYPE+F DNNY ?}—.:,—4]9]- Hjo] o] =

(Exponential decav)e. i 58
g ZHFYS HF 7T NEE 23

- 7} g die]o]~a] FHHEH = Adam optimizerE AlEElglon, 7lEE 27 HE 2oy
ZH-Ag 22 E o4 F

- o)g} e Agog sFo Anr} £=HE717E o 70088 5 49 4089 A7
SEYY

Dropout: 60%
iy : :__ : :! Wehicle Information
| | =
-5 u = O 0 B
Flattening :‘1 — — N | ] ﬁ
{2x6x30) — 360 [ H 5 H 3 2 H
- - - - - - - - -
" i : : : : B 3 : T
- L] L] L] L] - - - -
2 1 1 W . u M B H
I040.158c) H —i - - o L] L
- H i H H I 73 29
2wx30 Matrix [Input) :] _' '— u : = 138 .
Dynamic Behaviar | H| ] ] 1 n Cases
| |
- u| O o u| -
360 — 516 bl 516 '
L1 L] Score Function
1.024 1,024
Fully Connected Layers Classification

<71% 3.2.128> Deep Neural Network 7]9k2] &340

< it 3.2.62> DNN Parameters

Layer Fuwig | H#L | He2 | H#3 | H4 | Hss | He6 | He7 |00
Input 2¢6x30 | 360 | 1,024 | 516 | 1,024 | 516 256 128 73
Activate B Leaky | Leaky | Leaky | Leaky | Leaky | Leaky | Leaky Bt

Function ReLU | RelLU | RelLU | ReLU | RelLU | RelLU | ReLU |’
Dropout = = = = %4 = - - -
Outout 360 1,024 516 1,024 516 206 128 4 249

(t}) Convolution Neural Network

O CNN +#2+& <Id 3.2120>37 o 48doHE 4utH 2 JAHAETE T 53AT de
Be EAL F&sgoen, 2% 54 29749 FA9A2% 1A £330 F5E 2
FEAlol HEAA BEe AN

O dYHe|He =A7|= 2 x 6 x 309 vlEYE FEHE 7HAEE, T doly Hegs
ol E9S BEEasiy @dsie ALgdtA 24

O CNN& 2% s gold selves <# 3263>9 28
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wj el s ek

- FH eI gAddEe FHYTE Leaky ReLu= A5t o, H#l 3 H#2ell Dropout2
F7tsle] A gE WA

- o] 2] 9] Batch size, Learning rate, # & Wi} 7}Fx 278 9§ DNN3} #2 =g
& AMEE

- g5 Aozl £EE 7)Ao 6003 8] &4 59 1A 1089 EEATle] A0
Flattunil Croponst | G0 Soore Funclion
Jubiidl| — 6250
c P— Cormmkstion Convobitsn Wesicls Inlormation
Filtor Sise : [Fulx0) ity Sae | (Badwiid) Filter Sise : [JalxF16] i Sie | (Jelwd ) H \\
Soride 1 (8, 1,11 Stride ;FL, 111 Faricke 111 1. 13 Stride 1 (5, 1,1] ! M
Filtar Padding : Sams Padding : Same Fadding : bame Padiling | Same Im O ﬁ E
N e o o — 5 L
e woa ¢ m T 4 540 2 B R rl |_.
hhmed'i.!Ih:lul:l :: :. i r::n
narmic Babursan L1 aan
&480 i -
Feature Extraciion Fully Conracied Layenn  Clamification
(L rrbetin Laywsl
<19 3.2.129> Convolutional Neural Network 7]9t2] &340 e
< i 3.263> CNN Parameters
. ; : Score
Laver C#l C#2 C#3 Cad Flattening [#1 H#2 Function
Input Size 2x6x30 | 2x6x108 | 2x6x216 | 2x6x428 | 2x6x540 6,480 G458 73
Filtter Size 2x6x30 | Zx6x108 | 2x6x216 | 2x6x428 N = = =
Stride (1,1,1) (1,1,1) (1,1,1) {1,1,1) - - - -
Padding MNone None None None - - - -
Activate Leaky Leaky Leaky Leaky Leaky Leaky SoftM
i Softhlax
Function Relu ReLu ReLu Relu ReLu ReLu
Drropout - - - - - 602 024 -
Output 2abx 108 | 2x6x216 | 2x6x428 | Zxbx540 6,480 SRR 4 29

(2}) Recurrent Neural Network

O RNN#g| 3+ <2§ 32130>¢ 2en d8delel& RNN2 18gie] R=s wjdzA
A =892 309 Atdeat 2o & gsten, DA Fels Ao AW,
29 T2 Al ggo s iy HAE

O RNNel #&dH deyd melvgs <f 32647 32,

7] ‘RE&e#ds vehde, 'F'& Forward® A7k AwWE ‘B'=Backward® A 7he]
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AgEren, dAALE

#4437+ Leaky ReLu?} AM&

ghA A o] H#20l %= Dropout 71%S F7F41# &

Batch size, Learning rate, # %3 Wzl 7} 2713 wd2 DNN3}t e meogE

strol AL 2REAIIAA o 600319 SHg Aol 242 3% SgAITbo] 229

Wehahn Information
S

o

) == ¥ el ca 512
e B | GRU >—| Gnu_f GRU -—a—; T 1440 F‘.M
Gated Becureent Unils .
e [ {}fo o] "
T Ty Ty Taa
eI  TTTYLITII T«
| sice
L]
Wﬂ.hnl;
Tlﬂﬂriﬂhﬂllh'!dlhﬂ Fully Connacted Livars Classification
|Rieuirent Layeds|
<2 32130> Recurrent Neural Network 7|4he] &4 54
< Ik 3.2684> RNN Parameters
. Concate b - Score
Layer R#F R#B e H#1 H#2 H#3 Furetion
Input Size | F2X30 | 120 uga0 | 1440 | 2048 | 512 73
Activate . Leaky Lealky Lealky ; e
Function Relu Relu Relu SoftMax
Internal GRU GRU _ N _ _ _
Function(RNN)
Dropout Autif‘;mat ﬁuti{;mat 1 = 6% i _
Output 48x30 48x3 1,440 2,048 hl12 o] 29
h 9dY =9 e A
O %4 T4¥ DNN, CNN, RNN Z¥ES 53 2t 5474% dlele & 55 38 A
Z 09 deyd 2dE H2E JUL oLl FFE Sl &4 FA AYEE o
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O <#3266>% 474¥ DNN, CNN, RNN ggrdS5d gH2EFN§N wmo|z2F &4 =
EAFEEL o] &3y dUEY HEEE 1A &40 2E ERE=A 9§ Ha

<H 3265> FHAE dolEsh ey dmalFE W £FP] HHER ;%)

EdHAFAEY AGE

Convolutional Neural Recurrent Neural

.3} Deep Neural Network Natwrork Network

MYE | a9 | AsE [ agE | ug [hes | uge | as | AsE

Sakgl & 89.96 | 72.94 | 51.08 | 89.80 | 91.41 | 82,87 | 93.16 | 83.51 | 89.68

LA £2.8% | 83.01 | 56.56 | 87.94 | T8.83 | 56.55 | 84.71 | 85.03 | 30.50 | 86.26

22 £56% |68.16 |41.91 | 80.96 |61.04 | 3452 | 69.51 | 77.05 | 19.86 | 81.86

RAF +£8.4% |56.19 |33.02 [72.91 |48.91 | 24.18 | 56.69 | 63.96 | 14.96 | 77.71

o3t 74.58 | 51.11 | 53.22 | 69.65 | 51.67 | 75.95 | 80.80 | 37.21 | 83.88

dnzF d 97 (=

23
Convolutional Neural Recurrent Neural
Deep Neural Network NetwnrkL Network

23 gla 24,66 91.36 BA.73

LA £8.4% 54.04 43.26 52.21

e da 6456 52,80 7086
O DNN2 7 ¢4&¢ 5191y dA3E e ez fdgHglent weol=71 HEd H&
ERds A A9E #F A%, wAEd A9 QAgeT 8P DNNE 2

g 7}a7F e

O CNN& xolz7} glt H2E IFE F¢ A543, I7 91.36%=2 7% $5d A&
=AY d2E e xo|=E HFTFE M FHE AEE FALEE e

O ol HAEW HARE sl%o] w027} i SxvlolEe] Ko FAFHo|, wo]=
7 el dolel AR ool WoiAA Aw AR AUL A4HA R FTE B
e

O “hAmo2 RNNE WHEI} 7HSEE JUROE HEP A wol2E 8474 g
@ HAEQPIAE 1 FEF AHE o ¥l doHE BEFAS Wel: 7}
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- 172 -



O AAY Helde] 53¢ b3 @ wgshs RNNe| 544, 714 £& 208 e 2
s Ll A& EY A Edoleel vsh Wl veleHel A5 AWA dolHe] gl i
oz e gog AFe: 548 /Hn Qo] AAY Hoz BHE o 1 5o vy

2] e oz #AokE e

D
I_ldJ
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oh rh
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Lh

il

O B A4 @a UpEE A%AA AR /1229 Au@e Jee] o g Uz
T 7h7te] wWiel WE 9AW &4 ASEe WARE HIARL Fohel AL

O <29 234>¢) (a)-(c)= Z+Z DNN, CNN, RNN& AHE@ o, o 2jo] w& AREe Fo
2 ool A AL HeFn gon o] EAMF AME <H 3266>% BT

<HE 3266> Hald 7Y W, dolE FF W UgE ¥4 A

= un —=—pn i BN == I RN = NN ERLL N - - HNN o ] Are BNN
I e Dy —— AW s vy F ey £ B e HY ar ey W her_ ey N e W Ny M pier_ Py

e
RS

.

£ £ > £ e—
l-le;' Level (%) [-:m,.r Lervel (%} . Ermlr Level (%)
M e mAT EE
9 HE 5 MR H 2] HYE HEE Gkl HEE TR
4.8 4.1 2.2 2.0 5.0 3.3 7.7 3.6 1.4
Hat viE Hy Wik Hy 1HgE
3.7 5.5 1.2
G AYE HEE
e e e~ e i - e ey Nt P A e
=, e
5 E
J-'_ru; Level (%) : Ervor Level (%) . g Errer Level (%)
I FiEi = A
DNN RNN CNN [DNM RNN CHN MM RNN CNN
4.8 8.0 77 4.1 5.0 36 2.2 3.3 1.4
Hit vigE Hi Ve #Ha vgE
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