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}(Shao, 1998).

Input layer Output layer

Hidden layer

@

7 &=
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sttt

Netj:Zw,;,-out,- (1)
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1
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A71A, f(net))& 03} 14}ele] o] glom], k
£ 4o Bt BAE o AR 152 AHes)

At HREE o So7] Ao AATE on] €1
AE YHARY} FHARE o &3t FHARA
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A, 7heH £E F FAe AA Helse ¢
2 FoRYE S WolEY F 58 FUS A%
98 el g 29 o) g A 1%
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(Err—%Z(Tj —out,)*) (3)
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A+ 29 (random) E=E AAIZH(previous

tlme Step)«] npA| Rt gho = ezt

§2 n=1-In(1.2+)3} Zo] A7k &
i{%%t} VA, 1 WE AR e WS
o A A5 AFANE 50008 AH8)E A7

UERdTh ?i}%ﬂrzq (learning process)< tH=2] 3
WA e ST W FRE T o‘ﬂr.
(a) 227F0.1C B} 25 7
(b) & 7FaA17F b4 5} Q% 735
s} gt € 0.0001)
(C) t 21,0 AF

= ER



IR U B3 FAL 9 ¥
2o AN ARE YYARE WolSo] A ¢
drpsst vaslel 7y G dEARE HES
o QoA WA AAYE 5

o=

o
ol i & O xS ox

o @ © & & o

>~

].

(error)&= Fitell A, ofghel] ztow H]HEA
(non-linear)e]™ A|EW 29 2m Eo|9 ti7]
A7 A7HA wgkel Aol wl$- E=tH(Thornes
and Shao, 1991).
1.9 Fan £ Saol 28
No Q19 el #4715
- . 2mt
T f D =
1 ime of Day sin( 24h)
Variation of surface temperature
2 . Tr 1_ 7';2
1 hour earlier
Variation of surface temperature
3 . 7? — 7;3
2 hour earlier
4 Derivative of sqrfa}ce temperature (T=T2)~(T*T?)
variation
5 Variation of surface temperature T4 s
24 hour earlier ! *
6 Variation of surface temperature T4 _
48 hour earlier :
7 Variation of air temperature 7T
1 hour earlier o
Variation of air temperature ) s
8 2 hour earlier -1
9 Derivative of'alf temperature (T-T2)-(-T)
variation
Variation of air temperature I
10 24 hour earlier L
Variation of air temperature 48 o
1 48 hour earlier =T
19 Variation of relauv?e humidity RH! — RH
1 hour earlier
Variation of relative humidity 2 3
13 2 hour earlier RH, — RH,

I Neural Network TheoryZ 0|8t tHRTo|S2

No 29 7 54715
1 Forecast error 1 hour earlier T'-T!
2 Forecast error 2 hour earlier 7 -1
3 Forecast error 3 hour earlier 7 -T?

Z A7l AZY F3E A JY AR
2009 10¢€ 19%E 20109 29 289714 A -
A nE&ER Fola AN 30% HHoR

B2 wULE WUIGE, AUGES Aesdt
2 Ao AAR A3 Feo] LG 92 72

(Input Neuron)#} &% w9 (Output Neuron)< 3
13 Zo] YehfdT

3 19A 9} o] B AT P& 217
el 48 F(Input Neuron), 2719 & 74
(Hidden Neuron), 3719 &%
Neuron) 2.2 T4 = o] ot

£ Ao A e 23S Al Folw A
AEE VN8 B4 £ 2 s, d7]exE, ti7]
F= A8E 56 AW 2y 488 & =gy
T Gk g8 129 119 7 =HLEE 4
231, o] 8 HEA mHEAM 2RE 308 12
4 UNE 2] e exe v -AESY. a9 7
< 2 AT APAH] YT 1 1EER
om Fol] AAE Qe HE wHe=EA Al
Aot 228 7S (d7] & FE $4848), 1
g3l SRR FAE HEA|Abo|A gstal Sl &
UEF Alzwlo] tiet A& Ve gint,

AR BE e Brelr] faixl dAjel AR
Bl 1AIZE & dl& 2/ & oS a3 3K &
d2 Z 7K g =1Lk =S F381% L,
¥ 82 23 347 (NN 1h, 2h, 3h)¥} 2
Al #Z2H(0BS) < v w et Aot

AW 2YoM g WES HiEgez o 33
B A3} dad wulere d2gke] A g &

H13HM15(2011. 3) | 57



JI&IIAt

s — -
A\ - =
X %
\ i “ ba ¥

J8 7. SRIES] BEA mUSERY HA,
T2 J|AHEE| HE X

(i)

nehe Aow yeigt, 2o A4 23 A
Ed}7] flaf 12¢ 697E 9971419 g 32yt

—%
Hi
H'|
Hu
1o
I

58|

g
w0
e
5
-10
— QB8
—— NN (17)
4 7777
12 3 4 5 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
DAY
k=3 c = Zd7n
(@) M2t = =H2E oF Aot
15
10
H
g
i 0
&
e
-0
—— QB8
—— NN 27)
L T T T T e T e e e T T T e T e T e e o T T T T T T T T Ty Tl

10
]
£ 0
=
K]
10
— 08S
— NN )
e L L T

ZH(NN 1h, 2h, 3h)7 24 F22HOBS)e g

AR AALE ek 9 o5t 2,

2% 914 veht A% o] WEA wHLES
B ANERE ASE =HLE g9 149 59
229 oIZ3k(1h, 2h, 3h 22t} vl Ajole] B
QA AWAOR BYITI 45 o3 +2T



15

10 9] — o8s
— NN (i)

DAY

— 088
— NN 21)

4 T T T T T T T T T T T T T T T
600 625 B50 &75 700 725 7H) 775 800 825 850 875 900 925 950 975 1000

DAY
(b) 2A12H & LHE2E of

21

I

— 0BS
= NN {3h)

600 625 650 675 7.00 725 750 7.75 800 825 850 875 900 925 950 975 10.00

DAY

(c) BAIZH = LHR2E ofF Znt

33 9. 2009 128 6YUFE 9LMX|| LA AAL

Hr} 4 Z 02 e

Sk Bl At tigt BAA HAE< Sl A4
BES ol v A A% w53k Alele] B
£ YeR= scatter plotS AAISHATE o= plot
= Bl T A AR, S AN FH 59 5
3k A AlAA R giotsy] glgtoltt. 1|
102 =38 3433 (NN 1h, 2h, 3h)3 AA &

I Neural Network TheoryZ 0|88t =HRZ0f%:

Z74(OBS) Atele] #AE YR scatter diagram

15
R® = 0.985
10 4
£ .
£ £ *
3
gy
-15
15 gl -5 [« s 10 15
L™ rc
(@) TAIZtE £H2E o A1}
R*=0923
£ o
= &
a;’
Tora (%)
(b) 2AI2t = LHRE oS Z1}
R*=0.903 .
. 5 E
£ e
F 4 A
LA
Taza 155
(c) 3AIZt = LHRE o= A1}

12! 10. scatter diagram 2zt

HM1328HM15(2011.3) | 59

L

0

I_



JI&IIAt

o0, A9 FREE A9 0 FHE &S B
oh Ak FEHAbE 1ARE A5 7% 0. 55°C
M7 A& 7S 1.27¢C, 28, 3N A
A% 14308 26l e Fika A5 3
& % 9ok ABAE R G 1AL o
0.985, 271t o591 7 0.923, 3713t ]
09030 T FHePA AZH9 S %

A\ JlN'

%o o 2
o oxt ?.3
o o do r

o,

-

3.2 E

@a 33l o
Yoz E2pelyTe
A e S 9% Y Tt AXE
282 95004 R Ao dzan gl Aol

o2 99 A R ERd S K $999

=
A7} ‘?:}"JQOHC 2l ‘Hiﬂﬂ
Z]
ol

o
ol
ofk

(w]

i

rlr a

N

_I G

o

A
(RO

2 23ge] Bgol} #40] 47 g Aol Al
a2st7] 'J 713"&?
ol

dojtt. olgg EAHES

=
o H
ot
L,
s
o]
2
)
N
N

r

o
I T o A 1

=

2 e g

N
==

BN FN%YOZiQOEim.

o

N
bl

oo £

(Thermal Map) 2t

9

o8 e o

rh

e
—
=2
>,
:\I':’
1)
=
4,
d
ofl
rlo
>
)
r
fru
=2
>,

VR uA A SR 71 S
glo] 1 A A g

o] 7}

ox
o

o
Oko
olr
x
}L
(0]
HU
rﬁ
L
i, Pr
Ruy-)

ofo

=
o)

>~ 2

to o
Ny

Ferror) S 4
01\':’:] ]:ﬂ _/] ZH}Q%] 2=
3k 7\*}7}

7131l A

Ny
o

:gf

o 3L
=l

8 oo 2

-

>,

)

fo e
fo

i
b
O
HU

re
ril
rﬂ

:L

¢

° 4
X
N
[4)'

2
FAA AN
>
o

e
)
s
ox
i
Lo
m\l
rlo

e A e 85 A58 2

o7 e}

Sl

—

. Beale,

. Thornes, J. E. & Shao, J.(1991). °

. Shao, J.

. Bodri L., (2001).

. Bodri L. and CCermaak V.,(2000).

Ho
rot

R. & T. Jackson,(1994). "Neural
Computing: An Introduction’. Institute of Physics

Publishing, pp 240.

"A comparison
of UK ice prediction models . Meteorological

Magazine 120: pp 51-57.
(1998).

surface temperature by a backpropagation
neural network . Weather and Forecasting 13:
pp 164-171.

‘Improving nowcasts of road

“Precipitation prediction with
neural networks’. Acta Geod. Geoph. Hung.,

36, pp 207-.216

“Prediction of
extreme prechvitatién using a neural network,
application to summer flood occurrence in
Moravia”. Adv. Eng. Soft., 31, pp 311-.321.



I Neural Network TheoryZ 0|23t M0

=
=

L

6. Luk K.C., Ball J.E. and Sharma A., (2000). "A  11. Sato,(2009)" Road Surface Temperature
study of optimal model lag and spatial inputs to Forecasting(Case Study in a Mountainous
artificial neural network for rainfall Region of Japan)” ,Proceedings of Cold Region
forecasting . J. Hydrol., 227, pp 56-.65. Technology Conference, pp 382-388.

7. Mihalakakou G., Santamouris M. and Asima-  12. Fujimoto, Watanabe, and Fukuhara (2009).
kopoulos D., (1998). "Modeling ambient air “Influence of Vehicle Related Heats on Black-
temperature time series using neural networks . ce " 13th Road Engineering Association of
J. Geophys. Res. 103, pp 19,509-.19,517. Asia and Australasia Conference.

8. Sass, B.H. (1997), “A Numerical Forecasting  13. 2= (1994 ] g4 o] g1 AAS 4
System for the Prediction of Slippery Roads”. ol v] A& g, =714e+3] Vol. 30, No. 1.
gglllrgf; of Applied Meteorology. Vol.36, pp 14. 71473(2010), ‘o] B 2 chd AR, B3I pif

' ) 15, E2u53H2010), "ROTA Webzine'.

9. Shao and Lister (1996), "An Automated A7) ol oe) .
Nowcasting Model of Road Surface Temperature 16. % %‘;E 71ed :r:‘E (20509) :‘ﬁi‘iﬂ 7?’/\ A
and State for Winter Road Maintenance’. A 7S AT 1R HFRA, dAm2 )
Journal of Applied Meteorology. Vol. 35. pp  17. Song and Lee(2002), "Prognosis of the Road
1352-1361. Surface Condition in Korea using Surface

10. Crevier and Delage.(2002), "METro: A New Energy Ballance Theory . Journal of Korean
Model for Road-Condition Forecasting in Meteorological Society. Vol.1. No.2. 420-422.
Canada’. Journal of Applied Meteorology. Vol.

41 pp1226-1240.

SH|X] FDHS OHy
& oA AN s ZPFUG. $2 g3 AR w3 2,10075
wrteto] slda AT T wj2stn JdFuTh A AT o|nA] AnE

QA QAL 32 G8AS o] oAl vt
FaE E2 - E3 - E4(3008H) - 7 A (20094
* A7) FdL A (438])FnEY.
Argtgel BH = I 2 9 9
A8 (02)3272-1992 A% (02) 3272-199%4

7

HM13AAM15(2011.3) | 61

Sjn

0

I_



