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A Study on Comparison of Road Surface Images to
Provide Information on Specific Road Conditions

BEun-Gyeom Jang *

Abstract

On rainy days, water films form on wet road surfaces and reduce the braking force of vehicles,
which often ends up in accidents. For safe driving, the road information signage provides
information on road and weather conditions warning drivers of wet road conditions. Still, current
information on road conditions is neither localized nor detailed but universal. The present study
used the images on CCTVs installed on roads to compare the images of road surfaces in an attempt
to suggest a mechanism determining factors that hamper safe driving based on the images. In the
image comparison, a normal road image taken on a sunny day is used as an original image, against
which road conditions occurring on rainy days are categorized and determined on a case-by-case

basis to provide drivers with early warning for the sake of safe driving.
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[. Introduction

On rainy days, drivers have trouble with low
visihility and the remaning water films on road
leading  vehicles to
Water
double

increase fatalities.

surfaces cause hydroplaning,
skid, ending up in
hydroplaning  on the normal
braking distance and Above all,
about 10-mm water films forming between the tires
and road surfaces increase traffic accidents by more
than 50% on rainy days. Due to the water films on
wet roads, the breaking distance grows up to 152

accidents. films and

wet  roads

times or more compared to 12m when driving at
60kmh on normal days. Considering a 30-cm
in the braking distance brings a fatal
consequence in a car crash, the accidents on wet
roads are very fatal. In particular, on S-shaped road
sections or on more than 45 curves, 40kmvh proves
a normal and safe speed, whereas when the road
surface is wet, even 3km/h may result in a road
departure[1].

For safe driving on wet roads, the tire pressure

difference

needs raising by up to 10%, and worn tires need
replacing beforehand as they the breaking
force on wet roads. More than anything else, speed
reduction while driving is most important.

lower

Currently, the road condition signage informs and

warns drivers  of road and weather conditions.

However, the unspecified warnings and information
the current system provides are likely to differ from
real road conditions.

image
road

Hence, the present study investigates an
comparison technology that
conditions in real time, detects road status including
water films or freezing caused by rain or snow and
analyzes images to

warnings and alarms.

determines

road provide  appropriate

[l. Analysis of image comparison
technology

1. Overview of image comparison technology

Image comparison technology is largely divided
into compressed and non-compressed modes. The

compressed mode relies mostly on DCT coefficients,
using only the data restored from the compressed

areas, and motion vectors. However, this approach
uses partial data only for image comparison, so the
reliability of detection
The
histograms or pixels

comparison 1S

is compromised due to data

loss. non-compressed approach compares
across the entire area. The
histogram-based most widely in
usel2].

Images are compared and detected in light of
threshold values and different values in frames, so
threshold  value is important  to
extract similarities from compared images.
threshold

with  difference

setting a most
However,
values set as such cannot actively deal
varying — upon
distortion  of

form high difference values

values sudden

appearance of objects or frames.
Notably, flash lights
resulting from abrupt changes in gray values, which
makes it very hard to detect images by setting

threshold values|3].

2. Pixel= or histogram-wise comparison

advantage of little
In the

ith frame's pixel values

Pixel-wise comparison takes
change of pixel values in a same shot.
is the

1 means that the

formula 1, F(xy)
(x,y).
values of corresponding pixels
exceeds the threshold value t.

Here, difference in the

in contiguous frames
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DP(zy)=1 if| F(xy)— F (xy) > t D
0 otherwise

In the formula 2, when the percentage of pixels of
1 out of the entire pixels goes beyond a certain
threshold value, Tp, it is considered a cut. X and Y
represent maximum height and width of the image.

Xy
E DPi(x7y)
Sy 100> 7, )
The pixel-based comparison leads to errors
depending on movements of cameras and objects.
Likewise, camera movements such as Fade and
Zoom In/Out as well as moving objects are

associated with quite a lot of changes in pixels,
resulting in incorrect detection results[4].

Histogram-wise comparison is the most universal
detection method, capitalizing on the attribute that
frames in a share a similar
distribution. As in the formula 3, neighboring frames
in a video image are calculated in terms of differences
in histograms and the results are compared with the
given threshold value, Th to detect similarities
between images. Here, 1 is the frame number, and j
represents the color value on the histogram. H is the

frequency of the given color value.

same  shot color

N
D= Z ‘&(])_H+1(J)|> T, )

The histogram-based comparison is more accurate
in detection results than the pixel-wise approach as
the entire histogram does not much change even
Still,  the
is prone to errors due to brightness
intensity That is, sudden changes in
lighting, flashes  or backgrounds ~ or
atmospheres may lead to incorrect detection of scene
transition[5].

when objects move fast. histogram
comparison
variation.

similar

3. Entropy-wise comparison

The formula 4 represents likelihood-based entropy
image Using  the
entropy, the complexity of an image is measurable.

of complexity in information.

k

E= =Y P(a))logP(a)) @
i=0
Here, & is the number of the jth pixel value,

while P(a) is the likelihood of a;.
In a video image, the difference of entropies

between two contiguous frames is measured to

determine the difference between them. A sudden
change in lighting leads to a big difference in color
distribution in the despite

changes in objects, backgrounds or brightness of an

histogram.  However,

mage, neither its complexity nor entropy value
changes significantly. Therefore, difference in
entropies between two contiguous frames can be

used to prevent incorrect detection resulting from
changes in lighting.
The formula 5

between  two

difference  in
frames.  The

difference in color

represents  the
entropies contiguous
formula 6 represents, when the
histogram is Dy, the total difference combining the
from the formula 5. This
is the

differences of color histograms and

entropy difference, De
indicates that difference between two frames
addition of the
entropies.

DH =E _‘E‘rn,-%—l

m

D, = D, +wD,

otal

D, total > 716

SIS

Here, w is a weight. When the difference between two
frames exceeds a certain threshold value, as in the formula
7, they are considered to have no similarities. The
entropy-based method does not result in incorrect detection
results when lighting changes abruptlyl6].
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4. Comparison using edge images in compressed

areas

As in the formula 8 5 AC coefficients equivalent
frequencies are used to calculate the
low—frequency edge intensity, Pi, which is then
compared with the threshold value, so that the edge
blocks and images are found. As in the formula 9,
similarities are detected by comparing the horizontal

to low

and vertical edge histograms P, and P}’ in the reference
frame with motions compensated with the horizontal and
vertical edge histograms, P and Py in the current frame.

p= FZ)21+F120+F022+F220+F121 ®
Where, F = (i, /) represents the DCT coefficient n.
of location.
M1
Ak k+1)= D 1P (z+u)— Pylz)l + ©)
X=0

N-1
DIP(y+v) = Pyly)l
y=0
Where, M and N : Horizontal and vertiacl
dimensions of the edge image

u and v : Horizontal and vertical motion vertors

Compared
using DCT proves
resulting in better detection results[7].

to AC

coefficients

image restoration

more

coefficients,

accurate,

[ll. Proposed image comparison
technology

For the image comparison, the road image on a
sumy day is used as a normal image, while the
target images to be compared with the normal one
are taken with image CCTVs.
From the target image frames, DC images are
extracted  and
calculated.

Using the pixel values and
histograms extracted DC
FFD(Frame-to-Frame  Difference),

mput devices like

similarities  between  frames  are
differences  in
between mages,

representing  the

is calculated.
By moving the sliding window over the FFD value,

degree of differences between frames,

when the difference between the maximum and the
2nd maximum values within the window is bigger
than the threshold value, two frames are considered
different.  The requires much  less
calculation than the entire frame decoding used to
get a real image.
Fig. 1 is the
comparison. The original key frame is a normal road

DC  image

algorithm for the image frame

image, and the target key frame represents a CCTV
mage.

Source Contents
Ly
| DC value extract |
DC value
Return

No

Target Contents
= 5]
=

RealTime Images

| Pixel Value extract ‘ ﬁ

l DPB value

Return

DPE‘j(x‘y) >
Theiel No

YES

| DH, DPB Value Select |

l

| Result Report \

Fig.1. Algorithm to detect similarities

By extracting the target key frames for comparison,

each frame’s luminance and DC value are derived,

and the absolute values of the differences in
histograms (DH) are summed. If the DH value is

bigger than the threshold value(Th), the image is
considered to have changed. If DH < Th, the frames
are considered similar.

If DH is larger than the threshold value(Thenyp),
the absolute values of the differences in luminance
values of the pixels in the frames are
summed(DPB). If DPB is larger than the threshold
value(Thyxe), the frames are considered similar, and
the extracted DH and DPB values are returned If
DPB < Thyx, the image
changed.

The image frame comparison uses two techniques.

is considered to have
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One is to detect differences between pixel values,
and the other is to use the similarities in color
distribution. Two algorithms are used for the Kkey
frame comparison because the technique using the
differences between pixel values is sensitive to object
motions or frame noises, and the other approach
using luminance and DC values of color blocks is

inefficient for images under varying lights.

1. A technigue using luminance and DC values
of color blocks
The first technmique for frame comparison follows
the formula 10, where luminance and DC values of
color blocks in frames are used.

(10)

temp

DH, (k) = Yl ) - Ti(k)|> Th
k=0

K Luminance or the total number of color levels

Hik): The function of the histogram that has a
luminance value, k, in the rth frame.

H& -T,&l:  The value  of  the
histogram that has a luminance value, k, between
the original I frame and the target jth frame.

DH;j(k):  The
between

absolute

sum of the absolute values of

differences histograms that  represent

similarities between the original 1 frame and the
target j frame.

Thiemp: The threshold value of similarities

If DH;k) smaller than the threshold
value, the frames are considered similar. If DHij(k)
is larger than the threshold value, the frames are
regarded to have no similarities.

When DHij(k) is larger than the threshold value in
a frame, it is applied with the 2" algorithm to detect
similarities  between = frames. The  first

is  found

detection
algorithm is inefficient for color brightness, so the 2
algorithm is applied to make up for the shortcomings
of the 1% algorithm When DHj(k) is smaller than
the threshold values, two frames are determined to be
similar, and the road condition is considered normal.

2. A technigue using differences between pixels
The second technique for image comparison 1is
applied when the first technique results in a DHij(k)
threshold value. In the 2
technique using differences between pixels, when the

value exceeding the

sum of the absolute values of the difference between
pixel values in two frames located in the same place
certain threshold value, the image is
considered to have changed. That is, the road image

exceeds a

has changed. The difference between pixel values is
calculated as in the formula 11.

M—1N—-1

DPB, (z,y)= Y Y|P (z.y) = P(x,y)l> Th,,,, (1)

z=0y=0

M: Number of vertical pixels

N: Number of horizontal pixels

Pj(xy): The luminance value of the pixel on the
point (x,y) in i frame

|P,(2,y) — P(x,y)l: The absolute value of the

difference in luminance values between pixels on the
points(x,y) in i and j frames
DPBij(x,y): The sum of the absolute values of the

difference  in representing

luminance  values,

the similarities between i and j frames
Thyia: The threshold value of similarities
In similar frames, the difference value between
pixels is very small However, when frames have no
similarities, there is a big difference between pixels.
When the  threshold smaller  than
DPB;(xy), two frames are determined not to be
simlar, and DH and DPB values are returned.
Then, a waming or an alarm is determined. Also,
when the threshold value is larger than Thyx, the
1" and the 2 to detect similarities
between frames are applied to determine whether

the road condition is normal.

value is

techniques

The first and the second algorithms to detect
similar frames depend on the threshold values.
Higher threshold values increase accuracy, but may

not be capable of extracting a risk, when one is
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present, whereas lower threshold values lead to high
sensitivity even to small changes in road conditions
unnecessary  cautions  of  drivers.
important to find the optimal
threshold values by assessing the performance of
algorithms.

and  require
Therefore, it is

IV. Analysis and assessment of the
proposed mechanism

1. Road image comparison mechanism

1.1 Extracting key frames from CCTV images

A key frame representing a real-time CCTV image
is extracted. The key frame extracted goes through
sampling to convert its RGB scheme to Y-Ch-Cr.
The converted Y-Cb-Cr color scheme is coded by
DPCM using the predictable

previous and the following frames.

information from the
The coded data
arrangement is converted into the sum of the cosine
function. The  converted
compressed by Huffman
frame.

To find the coefficient and the sum of the cosine

data  arrangement  is
coding to extract the Kkey

function of the data arrangement, follow the
formulae 12 and 13, Here, f is the data
arrangement, and F is the DCT coefficient.
N—1 .
Fi)= Y eln) Flr )cosM (12)
n=0
( 1/ , c(k 1/ (k=0) )
(2n+1)ir
i) Y, f(n)cos———— (13)
py o

The original data (f) can be found using the DCT
coefficient. N data, f, need be converted into DCT to
get N DCT coefficients, F.

1.2 Image comparison mechanism

To compare road image frames, luminance and

color difference block values as well as pixel values
are used. The formula 14 is to detect similarities
using luminance. As for the value of the histogram
for the level [ the Ath frame, G, which is the number of
bins in the h(k]) histogram, is not 256 which is equivalent
to the pixel value but 64 bins, resulting from grouping a
few levels to reduce the effects of noises in the image.

G-1
dlk, k+1)= Y In(k,1) = h(k+1,1)| (14)
=0
Where, h(kl): The histogram for the level 1 in the
Ath frame.

The formula 15

based on
values or between DC coefficient values. As in the
formula 16, the frame is divided into a few areas to
find the likelihood. Then, the threshold
compared to apply comparison techniques across the
entire frame. For the proposed method, setting the
threshold value is very important.

uses a mean(my) and a
variance(vi) differences  between  pixel

values are

Diverse trial

settings need building to find applicable threshold
values.
P—1W—
d(k k+1) EZM k+1)| (15)

p=0qg=
Ik k+1)=1 1f L(k,k+1)> T
0 otherwise

(karle (mk_mk+1
2 N 2
Lk k+1) =

2)2

U X Vptq

L(k,k+1): Likelihood radio

11

PR

= X 151 (16)
i=0j=0

The mzel value for the location (i,7)
€ the kth frame

d(k, k+1)=
Xy il =

2. Case—by—case ftrials to compare road surface
images
In this section, normal and usual road
images and DH and DPB values for road
extracted for

surface
surface
analyses.

conditions  are comparative
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The target road surface images were taken on a
sunny day using a CCVT infrared imager. The cases
included are as below.

For the image comparison, 10 frames from each
case are selected and applied to the formulae 10 and

11.

»Normal road surface on a sunny day

» Case(), Road surface wet in rain

» Case@), Road surface with a rainwater pudde

» Case®), Rain falls on the road surface

Road surface under unfavorable weather

4

As in Fig. 275 4 cases(U@) are used for image
comparison, and DH and DPB values are derived in

each case.

Rate 05

Road surface wetin rain

08
0.8
o7
2.6

04 —4—DH

0.3 A

3 =@=DPB
0.2 +
a1

Frames

Fig. 2. Case(®, Road surface wet in rain

Road surface with a rainwater puddle

a9
08

o7
06
Rate 05 =—#=—DH

a4 == [PH

oz
01

1 2 3 4 5 & 7 & § 19 Frames

Fig. 3. Case®@), Road surface with a rainwater puddie

Rain falls on the road surface

LR
08
07 -
06
Rate 05 +— ==
04 4 =fi=DPB
03
02
0.1
0
1 2 3 4 5 6 7 8 ] 10  Frames
Fig. 4. Case®, Rain falls on the road surface
Road surface under unfavorable weather
condition
1
09
08 Y A —
o7
06 1
Rate 05 =Dt}
04
03 ==DP8
02
01

1 2 3 4 5 & 7 8 9 10 Frames

Fig. 5. Case®, Road surface under unfavorable weather
condition
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3. Results of analyzing the proposed mechanism

To analyze and assess the proposed mechanism, 4
cases with 10 images per case were used in the
image frame trial. The original (reference) image is
the road surface image frame for a sunny day,
against which each image frame for each selected
case 1s compared to extract DH and DPB values.
Table 1 and Fig. 6 are the result of the analysis.

Table 1. Analysis of the trial

Condition ltem Mean Min. Mex. SD
Wgze] DH | 020 | 00 | 03 | oo
surface wet in
rain DPB 0218 on 03 0.0641
(@Road
surtace with a DH 0506 045 06 0.0437
rainwater
pudde DPB 0591 051 068 00604
Gren gls DH | os% | 04 | o7t | oor
on the road
surface DPB 0452 038 052 0.0671
@®Road
surface under DH 0730 049 087 0.104
unfavoraple
' DPB 0617 056 069 00434
conaition

e AvErage  =—fl=Minimum =sbe=Maximum ====Standard Deviation

DH ‘ DPB OH | DPB DH ‘ DPB
Road surface
|under unfavorable

|weathercunditiun

Road surface wet | Road surface with | Rain falls on the
inrain Iaramwater puddle road surface

Fig. 6. Result of analysis

In sum, the case D is a road surface wet in rain,

where the extracted DH and DPB values are
0097038 and 0117030, respectively. The DH
and DPB values extracted show a relatively uniform
distribution. Case @ is a road surface with
rainwater puddle, where DH and DPB values
extracted are 04570.60 and 0517068,

respectively. Here, the DPB value is higher than the

DH value by 008 or so. Case @ shows rain falls on
a road surface, where DH and DPB are 0.4970.71
and 0387052, respectively. Here, DH is higher
than DPB by about 0.13. Case @ is a road surface
under unfavorable weather condition, where DH and
DPB  extracted are 0497087 and 0567069 each.
Although it may be a temporary condition in the 4th
frame, DH is lower than DPB, but overall DH
values extracted are higher.

DH and DPB values are opposite between Case @
and @. In case @, DPB is higher than DH, whereas
in case @ DH is higher than DPB.

The extracted mean values of DH for cases O-@
are 023, 0506, 0584 and 0730. In cases @ and
@), the values are similar, so the extracted DH
values can be grouped into 3 types. The case @ is a
low-risk road condition; the cases @ and @ are a
medium risk; and the case @ belongs to a high risk.
The mean values of DPB for cases @ -@ are 0218,
0591, 0452 and 0617. DPB values, as in the DH
values, can be categorized into three levels.
Although cases @ and @ show similar results in
regard of DH and DPB, when DH and DPB values
other, the values are
crossed with higher and lower values. In other
words, DH is higher in the case @, whie DPB is
higher in case @. Thus, the DH and DPB values
compared and extracted are applicable to specify 4

are compared with each

cases of road risks.

To sum up the results of the trial, the level 1
warning on road surface conditions is issued in case
@, where DH and DPB values are less than 0.38.
The level 2 warning on road surface conditions 1is
issued in case @, where DH and DPB values are
045 ~ 068 and DH is lower than DPB. The level 3
warning is issued in case ), where DH and DPB are
04 ~ 07 and DPB is lower than DH The level 4
warning is issued in case @, where DH and DPB

values extracted are above 054 However, it is
implausible to passively use the values extracted
here because those numbers are influenced by

temporary changes of 1images to a great extent.



A Study on Comparison of Road Surface Images to Provide Information on Specific Road Conditions 39

Hence, it is plausible and wuseful to extract and
apply mean and standard deviation values per case
from time to time. The present study tried 4 cases
as target images. Further trials are needed using a

number of cases.

V. Conclusion

The present study suggested a base technology to

provide drivers with information on road conditions
for safe driving. By taking into account the
case-specific characteristics of road surface

conditions, road images are compared here to ensure
safe driving on slippery wet roads when it rains.

In the tral, the proposed technology was applied
where DH and DPB values extracted
were distinct enough to categorize the road surfaces.
The information derived here can be used to provide

drivers with early warnings,

to 4 cases,

alerts and alarms for
careful and cautious driving.

The cases used for the trial in this study were not
applied to the road freezing conditions caused by
snow in winter. It seems possible to provide drivers
with waming information for safe driving based on
the proposed suitable  threshold

values for a range of conditions.

technology  and
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