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0f X| &*-0] = Q** -2 2+ sp*** . & 7] B

* FA7 . @RS EY 2PN DEUSY whAL
s ZAA . BRHE) &Y 2HASATEOEY A

wer A HEY FHIA FHATY

s TAA A HRAA| SY 2R EALFSY T

jiho Yeo™ - Jooyoung Lee** - Ganghwa Kim*** - Kitae Jang****
* The Cho Chun Shik Graduate School of Green Transportation, KAIST
** The Cho Chun Shik Graduate School of Green Transportation, KAIST

*%% Dtonic Corporation

##%% The Cho Chun Shik Graduate School of Green Transportation, KAIST

¥ Corresponding author : Kitae Jang, kitae.jang @kaist.ac.kr

Vol.17 No.6(2018)
December, 2018
pp.121~132

pISSN 1738-0774

eISSN 2384-1729
https://doi.org/10.12815/kits.
2018.17.6.121

Received 21 September 2018
Revised 23 October 2018
Accepted 5 November 2018

(©) 2018. The Korea Institute of
Intelligent Transport Systems. All
rights reserved.

2
g BEEE, LA FYNY, LEAD 5 e PR E2aE

L F0d 2Qlolth B ATE g wraE Aole] o] 2H L Bl AA %t

& B3l =20 wudHE Yk RUS s w gue] SS9 Y A
= =

2

o =H ,ER, A, VA HEE FEE A ARE 35
a, o] & FA3] Y% iR =29 ]0}‘?7‘ AR (FE, ), LEHEDED), 78R
BE F5, 25, THE L&t =¥ JHE d53] A3 ¢agFoEE kgt
71ASG duelge] AEHNOH, I F /M 2 HEEE B ‘Random forest’ & 7|HES
2 320 EFEYE FEIATE F 1689 A HolE F 1499 dHolHE RdS 5
st Wl 8319y, 299 HolEE BY FIAEE AFs] A8 AHgEdT 1 A
81.74%° HF AYEE /A< =l o5 29 % TE3ATE B A7y 2 713A
A #AZ3t= VA AHEE 229 HAHE FAHAY F o= 7}‘5‘33 HoFm, A2
Ay A g AA8HA 15 7|2 7)1 #5 72> Hol B & &8l e A
HE FAE F Jd5& AR

dado] : EWA, Z14, xR, FASE

ABSTRACT

Weather is an important factor affecting roadway transportation in many aspects such as traffic
flow, driver ’s driving patterns, and crashes. This study focuses on the relationship between weather
and road surface condition and develops a model to estimate the road surface condition using
machine learning. A road surface sensor was attached to the probe vehicle to collect road surface
condition classified into three categories as ’dry’, 'moist’ and ’wet’. Road geometry information
(curvature, gradient), traffic information (link speed), weather information (rainfall, humidity,
temperature, wind speed) are utilized as variables to estimate the road surface condition. A variety
of machine learning algorithms examined for predicting the road surface condition, and a two - stage
classification model based on ’Random forest’ which has the highest accuracy was constructed. 14
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days of data were used to train the model and 2 days of data were used to test the accuracy of
the model. As a result, a road surface state prediction model with 81.74% accuracy was constructed.
The result of this study shows the possibility of estimating the road surface condition using the
existing weather and traffic information without installing new equipment or sensors.

Key words : Traffic safety, Weather, Road surface condition, Machine learning

71749 Hshs og SHAA E2uFo| FEFS vA L
WFALE gs7] 8l wE T 714 el e ok A7 FAED JT 7|2 714H 1F
Atole] FAE BN dAFs A 1) 714 M2 1FEEe H3KKwon, 2013; Jeong, 2013; Keay et al.,
2005; Knapp et al., 2000; Shi et al., 2011) 2) 7]”‘0 FAel| v X = Y93 (Morgan, 2011; Edwards, 1998;
Broadsky, 1988; Choi et al., 2013) Z1g|al 3) 7|% £ 429 &5 4 (Rahman, 2012; Hoogendoorn,
20100082 Qo3| & o Ut 7|EY AFES 7]’6 o] AEEFE Y kol wl-g- Fa7 Qloj whA 7
2 3ol 2 Eial AEE Ass 2UHY stu y&a—s of BT M S A|AMEHTH

e AFES 71 RS A A AFsE ]*J £ 7|HreE o, AAE B4 Ahol HA

B BELAA 288 9P E2 99 71 —3— Aol7t EART. )% 7] Slstel B3
e e

= %]
Vector Machine)& %3 =i e|E s duEFS MUt GYHRE 2 3t d3AS
9ol &8l HE(Wavelet transform)= 53 SVM EF71HS F&5te] A 249 4‘“4'74] AN (S,
g, A, Aol gis] AX mds &3 dF FEEE BT Kim et al. (2010)_ ZRo| Bty
7HtERE HASHE FEARERE B3 AW npFAFE FEse WHE AdsiAth F 67P<] EA 3
, o, A2 A, A, U, ofk~BE)E B B9 2AHIE A4 = w0t ERHEES 835ty
A npZ@AATE T4 0}913}. T FEABEE o] &3 E2Y Yok FFAANE T HYEH Y HEHE
= A=, BHEL] Teconer AHs =2 Ae) #Z40]Q) RCM4A11S NDate] FetalA 7)wke] §3
A (Spectral analysis)E &3l =W &5, E9 ¢F& SAL, olF HFOE W] AFH 9 npEATE
514 th(Haavasoia et al., 2011).

Kim et al.(2013)2 =W/JHE W= Ad 2H& B35 JHARE 71%25—& 3= SVM(Support
= 714k
[e]

A i

Qo] AdFEL 27 g E Wrlog v+ =

= Sl £ HolHE 7o ¥ AHE FAsATE 350l

o] At = HHE Fotd  vke Aol ki

T tkE AT St olE Beketr] flEl Boh FHH o R o] Thsg 718

AE THshe g A77F T3 EUATE Chapman et al.(2001)2 THFE A 25

, 15 UE APE 5HE ARSI £ 258 o359y, 2% A4S Adsies =

Shao(1996) 771 =%7ke] 1739 ZAadA AAME B3l =2 =W 25, Ol%@, T 2T

3ANZE 374A 9] wH HEE dEse BAES st sl E AsE wEAAY il EE1
B Al 2®)(Road Weather Information System, ©]3} RWIS)S B3l T2/ A9 B4/F, 44, EH7 ] &

ol digk AAZ JRE FH3I 71449 2571 43S 1] (Automatic Weather Station, ©]3F AWS) &

J

:1111‘4111,‘21:124_1:

:ﬂ"

=
X

122 QIATSYR|=E7| 177, M62(2018H 129)



SHARE RWISS] o= =2 4 54 A Aol AAst= Anlo)7] wiol sid A Mo =2 =r Jryt
=

2 ASY & Qo) A BT P AR FUE T 5 glon, oF AHoz i sz ATEE
54 Aol A wHIHE FRHHE BT 2AH,

Webd B QT urh He W9lY AYBIARE A8se] B2 wuNHE Y Rug )
S 21 BEZ Wtk A2 A, ARA, W GelA HAE 73RS

nAE QAES FE57] Y& 7IAAR dols £ Vs x R, AR 5o T
S 918 RCM411(Teconer, 2015) 22<
A 717k 20179 TEHE 8EMA =

Ql"
¢
o
h:)
ox
J {
=
b
fru
br
rg
ox
fuj
& o)
N\
|

o
i
il

A2 =29 =HAHE At He A Ej
o Zol] 24 wFon, B9 FHH HAE 71 dE 99 nE e g HEE Has & £ 9
3, =AY s HAS T e AEF EEQ YWEeHEE AAsATh

2 =29 742 o 2ok 2B A s a1, 7R E, ZEtTE AR T HolEE FHskE B
3 F3E "olHE Ayt 33 s =W FEE dSshet 8% B4 2l #d) Aysiy =y
< 53 d3d A9} dF AGEE AA S v o g 4o M= A2 2 FE AT FAol ] =9
Fig=y

B ATAAE A2 RERRE thoR wuyE 2 /A Hol8E Systdth 714 4 9
o ThE WERFO] O W5E A28 B 9, ® o] AAUS Aol AP Aol FA}E wAA
A7t AES dod & 9t 930] YOBE Mol A%F B2 F Shil YREBEE AT F1
Helz ARSI, A7) A7k WelzE 20179 79-89 Aol 3 7L oY & A% HolgE 47
sigon, & 1620 ol +Ash Be gl APL Fasle] wrlo] A% u] Az HRE
P AL uzh QOB W o B0l & AFe] 4PS S, F2T who] AN nlt
34 Foke] wmwidE JRE FASHAG

AFoM= =HE AR 3 3] AHF=9] Teconer Aol A Al 33l =HAIA, RCM411S 43
Fol| Bzbste] YA TH<Fig. 1> #F). RCM411-S T3 T =i e dolg FHo] s A=
=] A, =¥ npEAE, w2 25 55 AARISE ZA 3 TH(Teconer, 2018). 31T AlA]
AHE EE s AlAE 20112012000 5] BHIZEE vhilom 5 AUE 7)1FH A Agsta
1= Road Weather forecast model®l] 8% A& th(Karsisto, 2016). WehA B A7 L 3 AAME F
3 FEEE =HAE ARV A4S JRIga ddeta B ATl A 883t

o] T, B dA7oAe =W Aot i npEATE FHA0E AHEgth =W nEA S 001

_1

e

Vol.17 No.6(2018. 12) The Journal of The Korea Institute of Intelligent Transport Systems 123



JIAekee S8 {EE U4 FY LEE e

S7HA S ¢ lom wre) AHl= X(Dry), F&Moist), ZE(Wet), LE(Slushy), =(Snowy), oF
o] 2x(Icy)® 57k ] FEo g RFHAL =HAAZRE FEE HolHe ~ntEZY] £3 ¥ B3l v
Z TR S, MR HolEE dEstgon, AR} I3 AEE FE3] S| AntEE A
2t} GPS HolElE Al FZ3HAthKim et al., 2017).

Real-time transfer
via application

RCM411

<Fig. 1> Implementation of RCM411 in probe vehicle

789 % W7k 2 2ol F 1699 HolEy}t FHHYeH vl o £F v/l & AF wro] njE
W7k $304 AFE L83 o] AgolM H&, AXE e HYL TG £ AT FUH
HeE AEHo B Hx &, A5 VA mHdERte] 5 on, dfo] FyH Aot T ol
TG = Ao £E = of# <Table 1>3 2tk 7} S o= ARAGE =¥l b #ZH = 7
= & 7 o, A& et F&ol Be I AFo] B Eol e e #UT + Utk
<Table 1> Experiment date and distributions of roadway surface condition
Surface condition
Number Date -
Dry Moist Wet

1 20170708 1829 203 34

2 20170710 70 38 12489

3 20170715 3141 783 3993

4 20170716 1924 62 0

5 20170717 1498 228 69

6 20170722 2556 229 324

7 20170723 11 11 3502

8 20170724 156 61 3310

9 20170728 3746 1399 2350

10 20170731 2637 588 3674

11 20170806 3325 108 15

14 20170815 0 0 2255

15 20170820 0 1 4159

16 20170821 1318 285 699

=9 JHE dZ57] A% APUFEE T BSAE, 2 V%R AR, 254 ARE BE
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<Fig. 2> Location of AWS(Automatic Weather Station) sensors in the study site
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<Fig. 3> Coefficient of friction according to road surface condition
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<Fig. 4> 2-level classification model for estimating surface condition

i AHdSS f9 2= ke 71 A8<s(Machine leamning) €1E]ES HESIGT. 1A%
QAAAH YR TEEA | SVM(Support Vector Machine), Neural Network, KNN(K-Nearest Neighbors) 5 TF%F
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subspace 5°] EA3HH, o] F 7 AFE BFEDE 2HA5H7] 93] Matlaboll Al Al g3k 4738 vzl
%23} &<(OptimizeHyperparaameters) S ©]-8-3t3th vi7is H A3 dre 24 g8 7IHEE ﬂév%
S5 Ef &5 2¥eto W HASE P 1 A B Aol AR dHolHdd el g =rt 7
%2 Random forest& #F EPE 243 th Random forest= 7|& Hl| 7] (Bagging) E3 0l tﬂfr/] JolA&

M oxt

27}k 7] o] thBreiman, 2001). ¥17 3L & do]HERE 7|7} 2L HES dedE ulEEZe
of Z¥zZte] sl JAAFUTFE St 7 oE, Sk tlolH Y YojAde 3tk Random forest= Hi
7 B3 02 BES F3T 0 ol g3k MY FRE Yo FEFe] GAAPIRE G&AT, of
g B3 shod mao) W] Yy F71E 4 glo] malel By Fujssa HAF $A 2 o)y
A 9-&8ES =Y 4 Ut Random forest| X FF W & dibdoz2 EFEA M ATl Eof Bol
A A APl AFEE olgsat
g g5E 93l F 16¥9 HolH F 1499 HolHE &8y, 758 Rl HAFES A
169 %, 7€ 3193 84 20¢9] 2 A AEE FEH HFHoEE ASS AT HolHdAM 249
34 48wg ndel Wy 7|F02 Agdgn
29 WaRE /4 BE AR, 52 /)8 rE A8, REYRL ALHUT 12 B9 SUEE 7147
HE 10 @92 gbstolon, A5 71 3gel watel e Abele] #AE W] fs) A
RAZ7AY] 71, A, 5, 55 H5E 7Y W2 Z8edith Jshax JREs 2o 40
A, AR, FANE £ WS dgsigon BB WeRt A7 IR REFE WS 4459
o 29T Ee SUAANE SAY 20dH AR g ARsgon, My WER AE, 8, Ax
37FA 9] wRAE frol EAsAT HFAQ RdgSed 283 HolH = <Table 2> 2t
<Table 2> Input and output variable for classification
Type Category Unit Variable name
°C Temperature per 10 minutes (last 12 hours)
mm Precipitation per 10 minutes(last 12 hours)
Weather information
m/s Wind speed per 10 minutes (last 12 hours)
% Humidity per 10 minutes (last 12 hours)
Input variable
% Cross slope
Road geometry % Vertical slope
m Curvuture
Traffic information km/h Link speed per 1 hour (last 12 hours)
Output variable Road surface condition | Categorical Road surface condition: Dry, Moist, Wet

2.
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HI

Random forestel4] stetule) 42812 93] 22 /5@ FAUSEE PPBo] BEsHe 299 5o}
Ee) P4 A AR ANEY) £, 7 ol 2Pl ueh mule] AFE Bl Y T A
o} B9 sebvlEl§ A AR QUAOE Edje) At FNBEE BY9 YREst F7E

m[o J}L
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g Holu A=A B Aldle S Aol 22 A 2 A4 9 371 S7¥ste] nlagAde] 7t
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& BE AR et Zrlehg, AUXA B 507 S0l A A$ 3AF(Overfitting)©] A EHA] Bt o]
of 7t Eg]o] YNiEE HjFo R Eo)y] i A7 £7] £5 Alkste] sFAACk @k ol 7 3k
9] Z3& o] A QF A 3K(Bayesian optimization) 7|H & ©]-83st HH =TS Z9Th <Fig. 5>l4 2F 23
ol M2 mdo] s Yefl ot AA 3099 ZFS o] 83tA o, <Fig 6>o4 & F l%o] oF
2081 o] FHE = mdo] sdo] FEHR|A kol 303] o] 2§ #= FaAo] glota stk

o Observedpoint
3 Model average
+  Minimal feasible model

él

Minimum observed value
Minimum estimated value| | 45

anjeA uoouN; 2AJI3IGO PajRWNST

Estimated objective function value

107 i iipiipueiig g —
e 0 ’:,7””'”*\»/ Le:rl::i';bge::;ti:les 0 5 10 15 20 25 30
Max. Number of Splits 100 10 Number of combination attempts
<Fig. 5> Accuracy of model by combination <Fig. 6> Model accuracy by combination attempts

FEN7E AR vlgo] Yo ng A HY¥TE 93 = AL
iEo] AXEHE E7E AS 42U + o, ol & e mHo| Azt A ae 7H

foin
gloll oA F& FEHY HE A
e Ax 712As MEAA HE A 2§ A= BHLS Ed
I <Fig. 8>3 2ok WAl 2do] AYnE 194 EREFET 10%7
Eo] 429%0 A 5297% 2 =A sFAT

Two-level Trees

First-level Trees -Test accuracy: 81.74%-

-Test accuracy: 83.62%-

pry| 2639 0 0 Dy 1411 1228 0
T Moist| 536 0 70 S Moist| 261 321 24
2 2
Wet 338 0 11214 wet| 222 967 10363
Dry .....h.’.‘.?iﬂ Wet Dry Moist Wet
Fredicted class Predicted class
<Fig. 7> Confusion matrix of 1-level classfiication <Fig. 8> Confusion matrix of 2-level classification
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<Fig. 9> Variable Importance of 2-level classification model

ojwgt 9102 QI3 {7t Aufjsty exp7) BAs=A By AA3] EA457] ) EF7F & H 2
(True-Positive & False-Negative)# 18 32| 52 3 (True-Negative & False-Positive)-2 2|5t Ztztol djs)
A A4S <Fig 10> 2o] =&Y T <Fig. 10-a>= 22 93] = Aerl A&sA 7%
FEEEY AH AT A4S JE Y <Fig. 10-b>& o] Al Aojg T8-S A7 124 B4
Fe Uehdinh oA 81T # dRe] A8 ERE AEY A A dEdue dx5E JHY
o] A9l Aot Wl & AL ¢ 4 Q) v AR BERE AEY A S JEHY u Aol
AoHo g vrom AxyFEI Z AolE HolA Fe AS AT & Utk ol& <Fig. oA & F U=
o] Aol =¥ HEE AAste vl 8% Mrgs As UEhH, 297 Hon mro] A2 A
o o a7} BAsHE As BHoErh 9 29 F8&9 A9 A Aort FEHAA ¥ s =
T e ol ZF METEs JHAIE AxEE AHY Bl IETUE As AARET
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<Fig. 10> Last 12 hours precipitation by surface condition by classification result
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