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Image Pre-processing Methods for Traffic Sign
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Abstract-The presented paper investigates the problems of
image pre-processing methods for traffic sign recognition. It
describes different methods and algorithms that allow to make
Traffic Sign Recognition (TSR) systems adaptable for real-life
environment and to convert the input information (from the
camera) to a usable format for analyzing information about a
traffic sign. In the experimental part of the paper the most
important aspect regarding the comparison of image pre-
processing algorithms is illustrated.
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I. INTRODUCTION

The topic “Development of Traffic Sign Recognition
System” is very popular due to the increasing number of cars
and road accidents. Therefore, a lot of well-known companies
like BMW, Volkswagen, Saab, Google Car [1]-[3] — have
been using the Traffic Sign Recognition system. The TSR
system can improve the attentive behavior of drivers and
makes it possible to create autonomous cars. These cars, with
TSR system, have a camera for getting video information. For
the reason that TSR system works in real-life environment,
input information from the camera is affected by various
factors, such as weather conditions, illumination and others —
which complicate the recognition process. For this reason we
must use image pre—processing which makes image filtration
and converts input information into usable format for further
analysis. A lot of well-known approaches to TSR
Development [4]-[7] bhave been using computer vision
libraries (for example: OpenCV) and Multi-Layer Artificial
Neural Networks. However, these approaches need huge
amount of resource and high performance. As well, usually
universal algorithms from computer vision libraries are not
effective enough for traffic sign recognition. Thus, this paper
describes effective approaches to image pre—processing
development for traffic sign recognition.

Il.PROBLEM STATEMENT

There are descriptions of different methods and algorithms
which allow to adapt the Traffic Sign Recognition (TSR)
system for real-life environment and to convert the input
information (from camera) to usable format for analyzing
information about traffic signs. The image pre—processing
consists of four parts:

Part 1

a) RGB/RAW to HSV conversion;
b) image binarization (marked with blue and red color).

Part 2
a) “macro” segmentation;
b) edge detection (signature).
Part 3
a) brightness adaptation;
b) color (of the pixel) corrections;
C) “micro” segmentation.
Part 4
a) sign image normalizer (rotation).

I1l.  PROPOSED APPROACH

Image pre-processing consists of many algorithms and
methods. The total structure of TSR system is shown in Fig. 1
where the image pre-processing blocks are marked blue.
Image pre-processing simplifies shape recognition, color
analysis and sign content analysis. Before the shape
recognition, traffic sign edge is marked by signature [8, Ch. 11].
Prior to making color analysis, color of the pixel is corrected
by brightness adaptation and additional information algorithms.
Before analysis of traffic sign content, sign image is scaled
and rotated [9].
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- Color (of the pixel) corrections | ¢y

RGB/RAW to HSV conversion by using additional information | s

-‘o-o Image binarization (blue,red “Micro” segmentation 3
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Fig. 1. TSR flowchart.

A. HSV Conversion

At the beginning TSR system takes the picture from camera
(Fig. 1, Input Image). Usually the picture color model is in
RGB or digital photography format RAW. The RGB or RAW
is affected by real-life environmental factors [13, Ch.1]:
lightness, weather conditions and others — therefore all color
coordinate (R, G, B) values are changed. We have to find the
color model that is least affected by real-life environmental
factors. The Table I shows red color coordinate dependence on
real-life environmental factors.
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TABLE |

THE RED COLOR DIAPASONS DEPENDENCE ON REAL-LIFE
ENVIRONMENTAL FACTORS

Color Rain/ . .
model Clear day Humidity Evening Night
129<R<255 | 129<R<255 156<R<255 100<R<255
RGB | p<G<71 0<G<71 0<G<98 0<G<98
0<B<96 0<B<96 0<B<44 0<B<20
40<Y<120 30<Y<120 60<Y<170 27<Y<180
vcber | 100<Cb<12 | 100<Cb<128 | 77<Cb<115 70<Ch<120
8 150<Cr<200 170<Cr<206 156<Cr<207
140<Cr<20
0
30<L<100 15<L<100 15<L<100 15<L<100
Lab 15<A<81 15<A<81 15<A<81 15<A<81
0<B<40 0<B<70 0<B<40 0<B<60
300<H<36 300<H<360 300<H<360 22<H<360
0 0.7<5<1 0.7<5<1 0.7<5<1
HSV 0.7<S<1
’ 0.5<Vv<1 0.5<Vv<1 0.5<Vv<1
0.5<V<1

The HSV model consists of hue, saturation and value (1).
The hue color coordinate makes it possible to determine the
color of pixels. The hue does not depend on brightness
because of the value coordinate — brightness level. The S-
saturation is a very important value because of the traffic sign
blue and red colors. These colors are very pure, therefore, the
saturation value of the traffic sign red and blue colors is close
to the maximum. The HSV model separates information about
color hue, brightness level and saturation [11].

RGB to HSV conversion:

V =Max(R,G,B)
s {255*v —min(R,G, B)
Vv

60(G-B)/S, ifV =R
H ={120+60(B-R)/S,ifV =G

. 1)
240 +60(R-G)/S,ifv =B
*comment
ifV=0=S=0

if H<0=H=H +360

where

R-red, G-green, B-blue color coordinates of image input
pixels (the color coordinates range from 0 to 255);

H  hue (range is from 0 to 360);

S saturation (range is from 0 to 255);

V  value (range is from 0 to 255).

B. Image Binarization

After HSV conversion we can identify pixel colors. The
important colors of traffic signs are blue and red. The blue and
the red colors are marked by binary information. If color
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coordinates of image pixel are in the range of red and blue
colors (Table II), then we can write ‘1°, else ‘0°. As a result
we obtain a binary image (Fig. 2).

TABLE Il
THE DIAPASONS OF COLORS
HSV Red Blue Yellow Black White

from 324

H to 360 from 190 | from40to | fromOto | fromOto
and from to 236 60 360 360
0to 30

s from 130 | from 130 | from 100 fromOto | fromO0to
to 255 to 255 to 255 255 60

v from 50 from 50 from 100 fromOto | from 150
to 255 to 255 to 255 90 to 255

Bk .
E .Lygi:

Input Image

Binary Image

Fig. 2. Image binarization.

C. “Macro” Segmentation

We need the segmentation [12, Ch. 3] for image object
separation. After red and blue color binarization, we have
traffic sign borders. We can mark these borders separately. It
means that each border has its own index. Therefore each
traffic sign has one border and one index. After the
segmentation we can analyse each traffic sign separately

(Fig. 3).
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Fig. 3. Segmentation.
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D. Edge Detection (Signature)

Traffic sign shape depends on the edge. After “macro”
segmentation we can analyse each traffic sign edge separately.
Before the shape recognition we must convert information
about the edge to the favourite format. The edge format in Fig.
4 is the function of the corner theta (r(6)=Radius). The number
of function peaks is dependent on the traffic sign shape. The
radius is the destination between the centrode (2) (3) and the
outside contour of the segment (traffic sign border) [8, Ch. 11].

Binary segment centrode calculation:

Hightwidth

DD )

yi=l x=1
Hightwidth

Z pAUCHD)

=1 x=1

y= @

Hightwidth

Z DO 106.i)

- =1 x=1
nght\Nldth

Z pNUCED)

=1 x=1

©)

where

Hight and Width segment size;

I(x,y) binary image function (pixel(x,y)-white, then ‘1°, else 0);
y and x centrode coordinates.
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Fig. 4. Unwrapping of Shape.

E. Brightness Adaptation

If we want to make a small traffic sign segment analysis, we
must make more precise determination of the color of pixels.
When we use image binarization with static ranges (Table I1),
we have a lot of problems with black and white colors,
because of different brightness. So, we must change color
coordinate range according to the level of brightness.
Therefore, at first we have to count region brightness level (4)
(Fig. 3). Then, according to the information about the
brightness level we can change the ranges of black and white.
See infra brightness adaptation algorithms and results in
Fig. 6.

1. Brightness level measurement

Pseudocode:

Where REG_MASS is array of average value of value and

saturation and each element of array is separate region,

IMAGE_PIXEL is the pixel of image, in HSV color

model each pixel has 3 color coordinates: hue, saturation

and value and 15 is the size of region.
REG_MASS WIDTH=IMAGE.WIDTH div 15;
REG_MASS_HEIGHT = IMAGE. HEIGHT div 15;
FOR X=0 TO IMAGE.WIDTH-1 DO
FOR Y=0 TO IMAGE.HEIGHT-1 DO
BEGIN
REG_MASS[X div 15, Y div 15].VALUE
= REG_MASS[X div 15, Y div 15]VALUE +
IMAGE.PIXEL[X.Y]. VALUE;
END;
FOR X=0 TO REG_MASS WIDTH-1 DO
FOR Y=0 TO REG_MASS_HEIGHT-1 DO
BEGIN
REG_MASS[X, Y].VALUE= REG_MASS[X, Y].VALUE/
(15*15);
END;
Region brightness level measuring formula:
Where

V(X y)

function of brightness (value from HSV);

xandy image pixel coordinates;
Vv average brightness level of region;
n region size.
n n
22 V(X))
= X=ly=l
V — 1 1
n2
Results:
Average brightness
Input Image level of region

SUOISAI ST

19 regions

Fig. 5. Brightness adaptation.

29

(4)



Technologies of Computer Control

2014715

2. Range adaptation.

When we have REG_MASS, we can change black and
white ranges according to REG_MASS values.
Pseudocode:

Where MAX_WHITE and MIN_WHITE are limits of the
white color coordinate range.

White color range adaptation:
MAX_WHITE.SATURATION=60;
MAX_WHITE.VALUE=255;
MIN_WHITE.SATURATION=0;
MIN_WHITE.VALUE= REG_MASS[X, Y].VALUE.

Black color range adaptation:
MAX_BLACK.VALUE= REG_MASS[X, Y].VALUE;
MAX_BLACK.SATURATION=255-
(MAX_BLACK.VALUE div 3);

MIN_ BLACK.SATURATION=0;

MIN_ BLACK.VALUE=0.

Input Image

Static ranges

Fig. 6. Difference between the static range (Table Il) and adaptive range.

F. Color (of pixel) Corrections

After brightness adaptation we have pixel color noise
(Fig. 7), (Fig. 8). Therefore, we have to use color correction.
We can make color correction only if we know that most of
the pixels are determined correctly. Correction works more
precisely, if we know additional information about the traffic
sign (for example traffic sign shape).

Input Image

O Noise (pixels are determined uncorrectly)

Fig. 7. Color correction results.

The most problematic colors are black and white.
Therefore, black and white color correction is the most
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important. If we make black and white color correction, we
have two centers: the center of black color and the center of
white color (Fig. 8). The saturation and value diapasons are
divided by 26*26 cells (Fig. 8). The cell which contains the
highest number of black pixels is the center of black color and
the cell which contains the highest number of white pixels is
the centre of white color (Fig. 8).

255 /10 =25.5 cells -> 26 cells

S el EIS
255 y
This cell contains the highest[ T 7] { ,._’ N O R
number of black pixel5=> = o o | |
this cell is the centre of /®. el
black color P IRORCE R HEEEEEEE
- » .

T asHices
ThiscellcontainsthehighesiE r‘
number of white pixels=> |+ o

............... Lol

this cell is the centre of
white color

o0 EEENEEEENEENNEEEEENENEER
oo >
® - Black pixels

O - White pixels
Fig. 8. The centers of black and white color.

After the centers are detected, we can make black and white
color correction. If the distance (6) from the image pixel
coordinates (S and V) to the center of white color is smaller
than the distance (5) from the image pixel coordinates to the
center of black color, then the pixel color is white, another
pixel color is black (Fig. 9), (Fig. 10). As a result we do not
have pixel color noise (Fig. 7), (Fig. 10).

Saturation-Value

2555,

® - Black pixels
O - White pixels

Fig. 9. Pixel noise.
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Because of, R_Black<R_White, G=Black
Fig. 10. Color correction algorithm.

The distance from the center of black and white color to the
pixel of binary image (Fig.10):

(Black_CV —PixelV)?
R_Black= ®)
+(Black_C.S - PixelS)?
ite_ CV —PixelV)?
R White= |Vt elV) (6)
+(White_C.S — PixelS)?

where

R_Black distance from the centre of black color to the pixel
of image;

R_White distance from the centre of white color to the pixel
of image;

Pixel pixel from the image like point G in (Fig. 10);
Black_C and White_C  centers of black and white color;
Sand V pixel color coordinate (Saturation and Value).

G. “Micro” Segmentation

After color correction we can determinate the small traffic
sign segments. “MiCro” segmentation separates these small
segments (Fig. 11). Each segment has its own index. “Micro”
segmentation uses the same algorithms as “macro”
segmentation, with a small difference: “micro” segmentation
marks small elements.

After “miCro” segmentation we can make color analysis of
the segment and content analysis.

White segment 2 Red segment 1

Centroid of the object

Black segment 3

Centroid of the segment

Fig. 11. Segments of traffic sign.

H. Sign Image Normalization (Rotation)

Usually the arrangement of a traffic sign is not quite
straight. So, if we want to have a straight traffic sign, we must
rotate it (Fig. 12). Traffic sign rotation is possible with rotation
matrix (7), (8), [9]. Rotation matrix is dependent on 6 — rotation
angle. The @ is calculated by formula (9).

Finding of the
triangle's centre

Input image

Image transfor

into a
trigonometric system
Sin
Rotation
Cos
5 Point2
Pointl (XZ,S.IZ)

(X1,Y1)

Fig. 12. Traffic sign rotation.

Rotation Matrix:

R0t - { Cos(6) Sin(e)} @)

—Sin(®) Cos(6)

where 6 denotes the rotation angle.

Rotation algorithm:

Ix ]*{Cos(e) Sin(e)}
’ —-Sin(6) Cos(6)
=[x*Cos(0) +—y*Sin(6) x*Sin(6)+y*Cos(6)]=
=[xnew, ynew

(®)
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where x and y are the old coordinates of pixel and xnew and
ynew are the new coordinates of pixel.

©® calculation:

0= arct{— ﬂj )
X1-X2

where Y1, Y2,X1,X2 are coordinates of points (Fig. 12).

IV. EXPERIMENTAL RESULTS

A. Experiment With Selection of Traffic Sign Content

The most difficult problem is the selection of the traffic sign
content. This experiment shows the significance of methods of
approach.

The experiment (Table 111) consists of 4 algorithms: image
binarization, brightness adaptation, color correction and sign
image normalization. The experiment is evaluated by the
following parameters:

Input image brightness level: high, medium and low;

Deviation angle: no angle (<3°), small angle (3° — 6.5°) and

big angle (>6.5 °);

Content visibility: good, medium and bad;

Pixel noise: no noise, a bit of noise and a lot of noise;

Shape deformation: flattening, elongation and other.

TABLE Il
IMAGE PRE-PROCESSING FOR TRAFFIC SIGN CONTENT
Colors
. Image Brightness corrections
Inputimage binarization adaptation and sign image

normalization

&

Good content
visibility

Good content
visibility

Bad content
visibility

-
Medium
brightness level

Flattening
High Good content No noise
brightness level | Visibility No flattening
=
fﬁ
Low
brightness Bad content Good content No deviation
visibility A
level. visibility angle
Small
deviation
angle.

The suggested method takes away deviation angle, pixel
noise, shape deformation and compensates low brightness
level. As a result we will have good visibility of traffic sign
content.

B. Comparison With Other Algorithms

This experiment compares the proposed method with the
well-known method of adaptive binarization [10, L. 3)]. Table IV
shows the difference between the results of the methods.

TABLE IV
ADAPTIVE BINARIZATION

Number of
experiment

Input image

The proposed
method

Time of
the algorithm

. — No noise.

Medium Good content | Nodeviation

brightness level. visibility A bit of noise I

Big deviation angle.

angle. Gp_od_ E:ontent
visibility.

i e
Bad content

Good content

tc\)/\gll.brlghtness visibility visipility. _ Hg gg\llsiition

Big deviation Abitof noise. | angle.

angle. Good content
visibility.

Radius =5

Time of
the algorithm

Radius = 10

The adaptive binarization

Time of
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Number of 1 5 3 methods are very useful. Thanks to the suggested approach,
experiment TSR system can work without multilayer neural networks and
computer vision libraries.
_ The image pre-processing methods and algorithms allow to
Radius =15 make TSR system adaptable for real-life environment and to
convert input information (from camera) into a usable format
- for analyzing the information about a traffic sign.
Time (.’f 31ms 62 ms 16 ms
the algorithm
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Artjoms Suponenkovs, Aleksandrs Glazs. Attéla priekSapstrades metodes celazimju atpaziSanas procesa

Misdienas, kad automasinu skaits strauji pieaug, rodas vairakas nopietnas problémas. Viena no tam ir celu satiksmes drosiba. Lai palielinatu celu satiksmes
drosibu, daudzas automa$inu razoSanas kompanijas (BMW, Volkswagen, Saab, Google Car, Opel) uzstada p&dgjam automa$inam (piem., Opel Insignia)
celazimju atpaziSanas sist€mas (Siemens VDO TSR, FOSTS, OpelEye....). Celazimju atpaziSanas sist€émas paaugstina vaditdja uzmanibu un atgadina par
dazadiem ierobezojumiem. Att€la atpaziSanas uzdevums ir loti sarezgits, jo dazadi faktori — apgaismojums, diennakts laiks, migla, rudens, kameras (kura sanem
videoinformaciju) kvalitate, kameras izvietojums, kameras parvietojuma atrums utt. ietekmé attélu realaja dzive. Raksta tiek piedavatas att€la prieksapstrades
metodes un algoritmi, ar kuru palidzibu ir iesp&ams veikt celazimju atpaziSanas datorsistémas adaptaciju realajiem apstakliem un vissvarigakas celazimju
informacijas nodaliSanu. Piedavatas metodes un algoritmi lauj nodro$inat: pétama objekta krasas nodaliSanu, petama objekta kontlira nodaliSanu, pétama objekta
krasas uzlaboSanu, pétama objekta rotaciju, pétama objekta satura nodaliSanu un vienkarSo celazimju analizes procesu. Celazimju analiz€Sanas vienkarSoSana
dod iesp&ju neizmantot sarezgitus analiz&Sanas rikus, tadus ka daudzslanu neironu tikli. Parasti, lai izveidotu celazimes atpaziSanas datorsistému, tick izmantotas

argjas bibliotekas (piem.: OpenCV) un daudzslanu neironu tikli. Sai sistémai ir vajadzigi lieli resursi un liela veiktsp&ja. Ari universalie algoritmi un metodes no
argjam bibliotekam, kurus var izmantot ar dazadiem objektiem (sejam, cipariem utt..), parasti nedod tik labus rezultatus ka specializ&tie algoritmi un metodes.
Tapéc Saja raksta tiek piedavati specializéti algoritmi un metodes, kuri lauj efektivi veikt attéla priekSapstradi celazimju atpaziSanas procesa.

33



Technologies of Computer Control

2014715

Aptém CynoHenkoB, Asekcanap I'nnas. IlpenBapurebHasi 00padoTka n300pakeHU ISl PACIIO3HABAHUS J1OPOKHBIX 3HAKOB.

B naHHO# cTaThe paccCMOTPEHBI MPOOIEMBI IPEIBAPUTEIBLHON 00pabOTKH H300paKeHHs P PACIIO3HABAHUHU JTOPOXKHBIX 3HAKOB. ONHCAaHbI Pa3IMYHbIE METOIBI
U aJITOPUTMBI, KOTOPBIE MTO3BOJISIIOT 00ECIICUHTh aJallTHBHOCTh CHCTEMbI PACIIO3HABAHHS JJOPOKHBIX 3HAKOB K PEAIbHBIM YCIOBHSAM M 0TOOPa3UTh MOIydaeMyro
nHpoOpMaIMIO B yHOOHOM Ul HanbHeiniero aHammza Qopmare. Ha OCHOBE MONyYeHHBIX pE3y/IbTAaTOB NPOBEACHO CPABHEHHE C LIMPOKO H3BECTHBIMH
aIropUTMaMH NpeIBapUTeIbHOIT 00pabOTKH H300paXKEHHUSL.

IIpobnema pa3paboOTKH aBTOMOOMIIBHBIX CHCTEM PACHO3HABAHHS JOPOXKHBIX 3HAKOB SBIACTCS JOCTATOYHO aKTYalbHOM, MPUYEM 5Ta aKTyallbHOCTh BCE BpPEeMs
[OBBIIIACTCS B CBSI3U C CTPEMUTEIBHBIM POCTOM KOJMYECTBA HOBBIX aBTOMOOWIEH M, COOTBETCTBEHHO, JOPOKHO-TPAHCIOPTHBIX MpPOMCLIECTBHH. MHOrHe
usBectHble (Gupmbl, Hanpumep: BMW, Volkswagen, Saab, Google Car - ucronb3yrorT B HOBBIX MOJENIAX aBTOMOOMIICH CHCTEMBI PACIIO3HABAHUS JIOPOXKHBIX
3HAKOB, KOTOpbIE COBMECTHO C JAPYTHMMM CHCTEMaMH, MO3BOJISIOT IOBBICUTh OJUTENBHOCTh BOAWTEIEH MM 3aMCHHTh UX HEKOTOpbIC (YHKLUHH (yHKLUSIMH,
KOTOpbIE PEAIU3YIOTCS CHCTEMOI pacIO3HAaBaHWS JOPOXHBIX 3HAKOB (MHTEIUICKTYanbHOI cucremoii). Takme Mopenn aBTOMOOWIEH OCHAIIAIOTCS
BHICOKAMEPaMH, C KOTOPBIX CYUTBIBACTCS BUIACOMH(POPMALINS IS TIOCIEAYIONIET0 aHaIN3a H300payKEHNI 1 PacIio3HaBaHUs JOPOXKHBIX 3HAKOB. Takas cucrema
pacro3HaBaHUs JOPOXKHBIX 3HAKOB PabOTaeT B pealbHBIX YCIIOBMSX, ITOCKOJIBKY Ha MH(OPMALHMIO, MOCTYHAIOLIYI0 C KaMep, BIHAIOT PasiddHbIe (HaKTOPHI:
[OTOJIHBIC YCIIOBHUs, OCBEIIEHHOCTh M J.P., KOTOPBIC 3aTPYIHSIOT MPOLECC pacho3HaBaHus. I103TOMy HeoOXoaMMa NpeaBapuTenbHas 00paboTKa Takux
n300pakeHui, KoTopas (GUIBTPYET MonyJaeMyr HH(POPMALMIO U 0ToOpaxaer e€ B ynoOHOM Ul JaibHeinero aHaan3a Gpopmare. BOIBIIMHCTBO H3BECTHBIX
MOAXOJ0B K pa3paboTKe TaKMX CHCTEM HCIOJb3YIOT ToTOBbIe OnOmuoreku (Hampumep, OpenCV) u MHOrocioiiHele HelpoHHbIe ceTH. OHAKO TaKUe CHCTEMBI
TpeOyIOT OOJBIINX PECYpCOB M BBICOKOI IPOM3BOAUTEIBHOCTH, a CTAHIAPTHBIC, YHHBEPCAIbHBIC AITOPHTMbI, [IOCTAaBJISEMbIC BHEIIHUMHU OMOIHOTEKaMH,
KOTOPbIE MOJKHO HMCIIOJIb30BATh IIPU PACHO3HABAHKE JIUILL, LU(p, TEKCTA U T.1., 0OBIYHO HE MO3BOJISIOT PACIO3HABATH JOPOXKHBIE 3HAKH J0CTATOYHO 3 HEKTHBHO.
ITosTomMy nanHas paboTa MoCBsIIeHA CO3AaHHIO 3(G(EKTHBHBIX aITOPUTMOB U METOJOB IPEJBAPUTEIBHON 00pabOTKM M300paKCHMS NMPH PACIO3HABAHUHI
JIOPOJKHBIX 3HAKOB.
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