=% I

2T 0Ly 2 .

QFEr . BI|F . FRIE

1Z2{, 10T e ul 2Z0IEAIE|E 2t STARIPS 2 S8 2R, QIO 21l AR 21 EG eril) 2 AhlS

SPRUUCISTZT A T2 ulFALH MJATM FHEAL4 PRUM, 210 3u] ALR)

1. A E X S

o|x
e

apgert m

60000 3 14 18 4500
o 16 o 4400
5 D 50000 o 2.5 0 12 14 4300
10 4200
A S om0 | : : 12
30000 1.5 . . ° 4000
» &2 OfATE XS HPMS(Highway Pavement Management 2000 | 1 ) 6| . o0
oo —a - a a 10000 | =k= 0.5 2 : o oo
System)?| C|O|E| =7 3! &&= Sall X8| |11 RUACt. HPMS= 1 EE= 0 0 0 oL =K | 3500
Toughness IRI RD SD ESAL

2SS V|2 = 2 M0 CSH IRI(International Roughness),
<Existing Scale>

RD(Rut Depth), SD(Surface Distress)?} ZALE|1! UL}, 7
6
- 0|F2 5 5% 80|9S 2AHZE £ B0 CHet L 0|Ct. S5tX[2F, OIATE 3 7
4 O
x| B2, 2 ot e Jelol el Y 5890| 2 gT=S H=L 3 S
2
+ Y o1F JEi= 2R UYL, T2 Z8(Toughness) S22 & + UL, T 1 :
0 |————
e e T
w212 284S S%shololl= etAo) ULt -1
2
Ang 3

<Standard Scale>

. [I2}A, HPMS XI& S{JHdF 24
E%;JHE EJ-I-I'

- 2t Optimizero]| [[}2 MAE(Mean Absolute Error) Z2EZ 1},

HEHMOZ A2E|= Adam@| QA7 71&H ZH| LIEFICE, hafA|, mpa| 2k

=
=
Neural Network) 23 = Jljgtst X} siC}.

off

=2 9|3t ANN 22| Optimizer2 AdamS MASIILL.

0.6 0.6

=
th

=

« ANN2 19434 McCulloch and Pittsoj] 2|slj 11OtEl HitHO 2 M2 5to|
Bol|AM FAS Lo olEE BAAE 5 o= HH| O = E
C} g 0.3

Input Layer0i|A] f=4El 2ol 715 X|§ &3l Hidden Layer?| 2} .- E0j|A{ g4t5HC} 3

L Lol A Edetet+E

171 0]4t2| Hidden LayerZ HX %|ZX O 2 Qutput Layer0|A 0f|Z= 30| =24 EIC} ’

X
ol S2tat 2XItel %S Yokele, 2t 5 Atole] otS x|t EHE et
H

=
.
=
.

o
tw

&
b
&
b

Mean Abs. Error

TR e s

=]
[
]
ok

=
=

200 400 600

Number of Repetitions

800 1000 0 200 400 600

Number of Repetitions

800 1000

—S5SGD —RMSprop Adadelta Adagrad

<MAE by Optimizer>

XK X}20j|M 80% 2 UC|XXEEl Train Set2 BaiJlttof AIREl X2 2, AlN|

Adamax -

- £ 91319] Input Layerdll= IRI, RD, SD, ESALE CZ 1435 on, .

Hidden Layer= 170 &, & £ 82 /451411, Output Layer0j|A of
SE mfa|P/do| 28x| =58 A5t

Hidden - E0j|A] A}2St 2/d3} = ReLUE AIESIRICH, J1E5X|et HHS

2’d5l= Optimizer= SGD, RMSprop, Adam,. Adadelta, Adagrad,

Adamax, Nadam= 2H2k AF25}91LC}

Feed forwad processing

v

Predicted Measured

Predicted Toughness

2t o =32 2| MAEL:= 0.12912 LIEFGICE.

o XA XfROM 20% 2 AUS|XEE|l Test Set2 =l B
2 Alx|2n} of| =32 MAELX 0.37282 LIE}LICE.

16000

14000

12000

-y
=
S
=

8000

6000

4000

2000

0

Predicted Toughness

16000

14000

12000

ok
=
S
=1

8000

2
=

4000

2000

0

u

2000 4000 6000 8000 10000 12000 14000 16000
Measured Toughness

2000 4000 6000 8000 10000 12000 14000 16000 0
Measured Toughness

<Measured and Predicted Toughness>

t I

Backpropagation of error to optimize weights and biases

Input layer Hidden layer Output layer ¢ AN N% %"g'-al'o:l E%)I. -6|'-=|I- %*6' M
<ANN Model Structure> e Train Set?| @Xl= HES| LIUOLL, Test SetQ| 2At= H|u™ =L} £S5

NS ANN Structure?| CI2}H HEE Sol| %2 2Xfe| RS o2E ofgo|ct.

- 3 Jfjuto)| AFRE|= ZXX|QI IRI, RD, SD, ESAL, I}ja|2Ade Axo| of
CI2C} A9l X[0|7} 3™ Optimizer?e| 40| L+6lGEEIE, 7I5X|e] =H
0] oj2{=E =~ 2| WiZ20]|, Standard Scaler 'HS AE8510] 2t Y0} =

2ol AFUS SUBIALE

Flet =2PiEA"ZRE X3

¢ Ol OF Cff < ul

Y INHA UNIVERSITY




