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Abstract

The objective of this paper is to determine the conditions of road surface by utilizing the images collected
from closed-circuit television (CCTV) cameras installed on roadside. First, a technique was examined to detect wet
surfaces at nighttime. From the literature reviews, it was revealed that image processing using polarization is one
of the preferred options. However, it is hard to use the polarization characteristics of road surface images at
nighttime because of irregular or no light situations. In this study, we proposes a new discriminant for detecting
wet and dry road surfaces using CCTV image data at night. To detect the road surface conditions with night
vision, we applied the wavelet packet transform for analyzing road surface textures. Additionally, to apply the
luminance feature of night CCTV images, we set the intensity histogram based on HSI(Hue Saturation Intensity)
color model. With a set of 200 images taken from the field, we constructed a detection criteria hyperplane with
SVM (Support Vector Machine). We conducted field tests to verify the detection ability of the wet road surfaces
and obtained reliable results. The outcome of this study is also expected to be used for monitoring road surfaces
to improve safety.
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Figure 1. Wet road surface detection with polarization property
(Yamada et al. (2003))

W}

Els

o]3

t}. 53] 222F zH(Brewster's angle)©|

=
=

Aol iz}
_Oéjl

, 20154 6

WA Eala vjde] FET o
<

L

L

RN
CHetm & 3t5( %] X33 A3

=
=



Article The Method of Wet Road Surface Condition Detection With Image Processing at Night

A8kt

A&d Jokela M. et al.(2009)%ell, oA
Lim et al.(2007) ¥ Han and Ryu(2008)& &<
o digh W] AFEA P o] &S ¥ 7Nk A
HEA P ES 289 widd B Y EE A
Ak A Wkl Bk B4 o] 83t Yamada et
al.(2003) 914 AT R g AHE 7| WS F&
39dom, Arivazhagan. S., L. Ganesan(2003)ell
A A ol BB Alge] Fukg 54 &8sl
2He] Azs nhE A, A4 A, 29 e

=

M i

= o= T
2UY ¥ A0 HelE wugEE F983 20
B 20439 ADE A, 43 =g E B

Figure 2. Local feature extraction with wavelet transform

286

AgAFor e, = g ofFE <lsly] 9t
of ylo] A 544 d-&aisict. ot 914 S B
o] EAste Fowt A& 7hedhn, ot 2 o
dxe HEZL o|FAA Halitt. AA7|E 71EAew
24X 3N AES AR o7 slo], A 7k =i
e A 7PEE @l A& falirle oRte] 2
& xHS FgHor dHE F e MRE PEEY

olell ¥ ATl ol AREEE d8ohA] &
A = HEE 5 ole IHES MRt A9
A 718 283 o CCTV BAEAAA FH59
e L8, rtexd 9 e 939 SAde
Hlastal, o]2 A7 E S8t A FAT
AEsld AHRES CCTV 718 d77gu] o] 2 -8-3to]
FEEE Asote Ae HRE I

et al.(2007)X= ¢ tjo] tAE7Iv s &85t
AZZEE 90°HRE I|HAIA F4/5H038E
FE3ATE. CCTV SAolA =, FatAl9] w7 Wl
mgt zHE AseR 2dske AHsxE 7 (Auto
Iris) 7150 71842 &A%t & 7]5 wet A
g2l wstel] wek =i gr)e] F43% Walyh doj
785 olgfst BrHstE Zol7] flste ZN7) A
o2 ZAEHEG, uEhr] HPgEe wE s W)
& Hagp] flate] @ Gl 2/ YtE

| A58 & AwS st 3AE 19k, Sk A

off ol ofi af

>
o,

Journal of Korean Society of Transportation Vol.33 No.3, June 2015



KIM, Youngmin * BAIK, Namcheol

CCTV control box

Figure 3. The composition of CCTV-based road surface condition
detection system
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Table 2. Polarization ratio difference between wet and dry
surface(Day(D)/Night(N))

Remark wet(D) dry(D) wet(N) dry(N)
Avg 157 0.98 0.99 0.97
Max 1.92 1.03 1.00 0.99
Min 1.41 0.96 0.98 0.91
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Figure 9. Polarization ratio for dry/wet road surface
(Day(D)/Night(N))
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Table 3. Wavelet coefficient for dry/wet road surface
(Day(D)/Night(N))
Remark wet(D) dry(D) wet(N) dry(N)

w1l 717.89 902.56 609.99 1,094.7
w2 25.23 25.74 14.51 16.58
w3 10.70 10.86 7.26 8.54
wé 14.33 14.28 7.83 9.44
w5 1.29 1.28 0.84 1.00
wb 211 2.14 1.27 1.63
w7 422 419 2.95 3.49
w8 2.56 252 1.79 214
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Figure 10. Wavelet coefficient for dry/wet road surface
(Day(D)/Night(N))
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