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ABSTRACT:

The problem of road sign detection and recognition is verydrtant in many practical problems, above all for road cadbauthorities.
In this sense, an automatic application able to identifykihe of a road sign starting from common imageries such asoghcould
be very helpful. The main difficulty is due to a possible pomapiical definition of the imagery. In this case, a valid saupgan be
provided by the use of Hough Transform. In this paper, our igino propose the implementation of a valid, automatic, solaund
reliable decisional support to technicians. It is basedheruse of the Standard Hough Transform in order to detectyges i.e. the
macro-class, of road sign (e.g. circular, squared, trilamgetc.). Subsequently, the road sign characterizatisrbleen refined by using
the generalization of the Hough Transform in order to deteespecific sign within its previously established madess.

1 INTRODUCTION Image with Macro-cl.ass of Road sign
road signs each sign identification
SHT GHT
) i . . . recognition processing
THE quality and the benefits of the services furnished by aden i

Geographical Information System (GIS) do not depend only on
the ability of the software component to extrapolate andemed
plicit the information contained in its databases in imiplicrm, ) .
but above all in the updating the same data bank, especiatjw ~ Figure 1: Block schema of proposed approach to recognize roa
the cases characterized by a specific dynamism. It is pkatigu ~ S!9N In raw Images.

true for the GIS oriented to the management of the road ocadast

In fact, the elements of the territory which must be represn

(the horizontal and vertical system of traffic signs as welttee  been used in scientific literature to find simple geometsbapes
advertising posters) are characterized by a remarkahiletyan-  such as triangles, circumferences, rectangles and so ozéza
volving both their spatial location and the alphanumeridtaites  and Woods, 2002). This simple version, known as Standard HT
useful in order to their specialization. On the other ham@ t (SHT), can therefore be used to isolate a road sign into a pho-
integration of the system with a GIS concerning other territ tographic image by tracking down its shape. Subsequently, a
ial aspects is made possible only starting from a contin@mas  extended version of the SHT, known as Generalized HT (GHT)
constant updating of the data bank related to the road @dast can be used to discriminate the particular road sign withénset

so avoiding the incongruence of the results from such agiate of signs having a specific shape, e.g. the sign "right-hamdibe
tion (Wolf and DeWitt, 2000). Nowadays, different commatci within the set of signs which shape is a triangle. For this pur
solutions are available in order to speed up the surveyirig-of pose, a particular self-implemented M@@bpackage has been
teresting elements along the roads. In this way, it is ptessdd  used. We decided to work within Matlab because of its great
collect a cartographic dataset by exploiting suitable vareé and  potentiality. A furthermore advantage is given by the faett} if
photogrammetric software tools. The dataset is able to shew our experimentations retrieve good results, it is easy pothe
records of interesting elements along the roads in a vergkqui whole procedure in a suitably compiled Dynamic Link Library
way, if compared to the classical topographic methods (&Mmot (DLL). Figure 1 show a schematic representation of impleieen
zad and Zink, 2003). Nevertheless, even if the acquisittep s method. In this way, a software tool has been realized, iaffer

is completely automated, the post-processing proceduséllis some innovative functionalities for the field of use, such as

now affected by a massive intervention of technicians, aith-
sulting slowdown for the surveying and positioning. Naliyra

it becomes a problem in such fields which need to automaticall
and real-timely work, e.g. if it is necessary fast interv@ms on
roadways with, at the same time, an accurate consideratitie o
available economic funds (Cotroneo and Barrile, 2006).hifvit
this framework, the proposed approach aims to open a new ex-
perimental way by the implementation of a methodology able
to restrict the human intervention as much as possible,deror

to obtain a self-sufficient, fast and cheap surveying systém e the exportation of the acquired data towards a GIS, where
is based on the Hough Transform (HT), a well known method- the last corrections will be carried out in order to respect
ology used within image processing. It has been created with  the topological constraints, according to the alreadytexgs
the aim of line identification into images, and subsequentips cartography.

Road signs available into the considered image

e the possibility to recognize entirely in an automatic wag th
actual elements of interest in the couples of images oldaine
by classical systems of "Mobile Mapping”, with a conse-
guent automatic storage of heir positions and the related al
phanumeric data



The paper is structured as follows: Sections 2 and 3 giveed bri
theoretic description of SHT and GHT respectively; subsatjy,
the procedure of dataset acquisition and the implementatio
proposed algorithm will be described in Section 4. Finalty,
Section 5 we discuss obtained results and draw our conaisio

2 A BRIEF OVERVIEW OF THE SHT

The HT is a feature extraction technique used in digital ienag
processing. The classical transform identifies lines inithe
age, but it has been extended to identifying positions atrarty
shapes. To extract features from digital images, it is usefhe
able to find simple shapes - straight lines, circles, ellpsal the
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Figure 2: Geometric schema of GHT determination for an dbjec

like - in images. In order to achieve this goal, one must be abl having fixed orientation and size.

to detect a group of pixels that are on a straight line or a $moo

curve. That is what a HT is supposed to do (Wikipedia, 2007).
Loosely speaking, HT is a 2D non-coherent operator whichanap 3 THE ALGORITHM EXPLOITED TO GENERALIZE

an image to a parameter domain (Morabito et al., 1999). The

standard case of HT is a Hough linear transform. To illusttia¢
idea, let’s start with a straight line. When the aim of thelgna
sis is to detect straight lines in an image, the parametentef-i
est completely defines the straight lines. In the image sphee
straight line can be described as= mx + b and is plotted for
each pair of value$z, y). However, the characteristics of that
straight line is notc or y, but its slopen and intercepb. Based
on that fact, the straight ling = max + b can be represented

as a point(b, m) in the parameter space. Using slope-intercept
parameters could make application complicated since baté-p f
meters are unbounded: as lines get more and more vertieal, th

magnitudes of m and b grow towards infinity (Wikipedia, 2007)
For computational purposes, however, it is better to patamze
the lines in the HT with two other parameters, commonly chlle
p, i.e. the smallest distance between the line and the orégid,
0, i.e. the angle of the locus vector from the origin to thisselst
point. In this way, the equation (Simone et al., 2001)
p=wxcosh + ysinh Q)
maps the poinfzx, y) into the parameterfp, #), which represent
a straight line passing throudle, y). The couplgp, 0) is unique
if 0 € [0,7] andp € Rorif § € [0,27] andp > 0. Each pixel
in the original image is transformed in a sinusoid in the?)
domain. The presence of a line is detected by the locationdn t
(p,0) plane where more sinusoids intersect.

2.1 Implementation of the SHT

SHT algorithm uses an array called accumulator to deteabthe
istence of alingg = max+b. The dimension of the accumulator is

equal to the number of unknown parameters of SHT problem. For

THE SHT

The general definition of the GHT is that it's an extensionhaf t
SHT, used to detect shapes which cannot be described byesimpl
analytical formulae. Instead, a more complex represamtasi
used, e.g. matrices or other mathematical constructsseptiag
patterns, shapes or vectors. At a computational level th& GH
roughly consists in making each examined pixel in an image to
"project” a copy of the searched pattern at various angles an
scales, (usually, projection and comparison takes plaéirgg
rom the center of a certain object, but it's possible totstése-
where under special conditions) and then keeping track of ho
many pixel matches for a given scale and angle occurred leetwe
the "projection” and the tested image. Therefore, the mest g
eral algorithm definition says to do exactly that: creatispecial
reference data structure (usually a binary image, in tha fafra
table, called R-Table) and essentially comparing its "latzumg’

or "contour” with groups of pixels (having a central or boanygl
pixel for reference) (Sonka and et al., 1998). For furtheaite

let us firstly consider to have a fixed orientation and sizenef i
study object (see Figure 2). Here, we pick a so called referen
point (z., y.), where:

example, the Hough linear transform problem has two unknowrCombining Equations 2 and 3 we have:

parametersm andb. The two dimension of the accumulator ar-
ray would correspond to quantized valuesiorandb. For each
pixel and its neighborhood, SHT algorithm determines ifé¢he
enough evidence of an edge at that pixel. If so, it will cateithe
parameters of that line, and then look for the accumulatuiris
that the parameters fall into, and increase the value ofliimat
By finding the bins with the highest value, the most likelyekn
can be extracted, and their (approximate) geometric diefirsit
read off. The simplest way of finding these peaks is by apglyin
some form of threshold, but different techniques may vyiadtt b
ter results in different circumstances - determining wHidles

r=x.+ 2)
y=ye+y
On the other hand, we know that:
cos(m — a) = y7 =9y =rcos(m — a) = —rsin(a) (3)
!
sin(m — a) = Loy= rsin(m — a) = —rcos(a)
r
ZTe = x + rcos(a) 4)

Ye =y + rsin(w)

In this way we can computg, i.e. the perpendicular to gradients
direction, and subsequently store the reference geinty.) as a
function off ¢: in other words, we can build the R-table. The
R-table allows us to use the contour edge points and gradient
angle to recompute the location of the reference point. Iset u
remark that we need to build a separate R-table for eachr-diffe
ent object. Summarizing, after a quantization of the imampes

are found as well as how many. Since the lines returned do NaP[zc,, ., ;- Teman [Yerin s - Yeman ), FOF €2CH dgE poirits, )

contain any length information, it is often next necessarfjrtd

and using the gradient angle we retrieve from the R-table all

which parts of the image match up with which lines. For morethe («, ) values indexed undep. Then, for each(«,r), we

details, please refer to (Wikipedia, 2007) and referenddsnw

compute the candidate reference point according to Equdtio
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The images exploited for our experimentations have bee.. u. . ) . ) ) )
quired by using a car equipped by two camcorders. They Werg!gure 5: The filtered version of the decimated image shown in
controlled by an hodometer (the trigger was set in order t@ha Figure 3.

a sampling equal to a frame every three meters). Moreover, we

used a GPS rover to initialize the system and a notebook far da
storage. We intentionally did not use inertial sensorsdonsling

the absolute orientation of the system since our aim is teldgv

a methodology able to minimize the human intervention withi
the analysis of acquired data. Moreover, a right georefgrof
the same data has not a great importance in this contextlyJota
we collected 16 RGB images at a 800x600 pixel resolution (e.g
Figure 3), depicting 30 road signs so divided:

the procedure, so reducing the resolution to 200x150 pixXels
this way, the inspecting area has been reduced, but at the sam
time the recognition of primitive elements remains pradtjcun-
changed since their specificity. Subsequently, the imagdan
filtered by a self-implemented color filter. In fact, since thor-
ders of road signs usually have the same colors, i.e. red, blu
yellow (we denote this set as "color domain”), we built a par-
ticular filter which compares the color of each pixel of the
considered image with our "color domain”. If the pixel’s obis
e 17 mandatory direction of travel (MDT) signs (2 turn-left- a sort of hue of whatever color belonging to the "color dorfiain
here mandatory direction of travel, 2 turn-right-here mend then the pixel is black colored; otherwise it is white cothr€ig-
tory direction of travel, 3 straight-ahead mandatory direc ure 5 shows the decimated and filtered version of the image in
tion of travel, 6 straight-ahead or turn-right-here mandat  Figure 3. Thus, the SHT can be applied to the considered image
direction of travel, 4 straight-ahead or turn-left-herenat ~ e.g. to frame 4155. Here, it has been possible to recognee th
tory direction of travel); shape of the pictured signs by the following consideratmmthe

) ] accumulator
e 10 yield signs;

e 6 parking signs (3 no parking and 3 no stopping); e for a triangular object, the maximum number of lines that
cross 1 point is lower than three times the median value of

e 1no access; the number of lines that cross the same point;

e 1 stop; e for a squared object, numbers of lines that cross 1 point, 2

points, ..., untiln points, in whichn is approximately the
length of the square, is almost the same;

1 one way access.

e for a rounded object, numbers of lines that cross 1 point,
2 points, ..., untiln points, wheren is approximately the
diameter of the rounded object, exponentially increase.

They have been taken into the streets of Reggio Calabridya ci
located at the Southern part of Italy, on the Straight of Mess

In a first instance, each image has been passed to the SHT recog
nition block. This procedure is well described by Figure 4t L

us consider thé'™ as the input image, which hdsroad signs.  Let us remark how dimensions of objects are unknown a priori,
First of all, each image has been decimated in order to speed wand therefore they must be calculated after the SHT apjitat
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Image with Macro-class of Road sign Category Available || Correctly || Incorrectly
road signs o~ each sign P identification Signs classified classified

- recognition \processing MDT 17 17 O

Road signs available into T Yleld 10 10 0

the C\;TSIdCYCd image Pal’king 6 6 0

No access 1 1 0

Stop 1 1 0

One way acces$ 1 1 0

k" road sign

The road sign
has been
identified?

Application
of GHT

T
Template #i H i=i+]

e Table 1: Results, sorted by kind of signs, of our proposed ap-

proach for the road sign classification.

and its
macro-class|

Available signs|| Correctly || Incorrectly
classified || classified
No parking 3 2 1
No stopping 3 3 1

Table 2: A detail of the parking sign recognition, with thesmi
classified element.

Figure 7: Subschema of the GHT block.

plied on a filtered image, in which the signs’ presence has bee
enhanced by using a self-implemented filter color. It makes p
sible to delete the unnecessary information, e.g. buikjicgrs,
human beings or animals, etc., and consider only the objeéat o
terest, i.e. the signs. Subsequently, the usage of the GblWeal
us to identify the specific road sign within its macro-cladsg.a
comparison between the sign detect into the raw image and a co
lection of templates stored into a previously created 'leatbn
archive” (see Figure 7). _The whole procedure has been imple-
mented within the Matla® environment, and so it can be easily
compiled as a DLL which can be used in an external GIS tool.
The performances of proposed approach are very encouraging
- - - - - - e . 97% of used road signs have been correctly recognized. |Betai
Pixels results are shown by Tables 1 and 2. Here, it is possible to de-

Figure 8: The frame 4157, featuring the misclassified rogd;si note how a no parking sign has been incorrectly classifiechas a

. . . . . stopping sign. Actually we are engaged in optimizing thecpro
the error is maybe due to the dimensions of pictured sign. dure and linking the obtained DLL with a suitable GIS, in arde

to evaluate the proposed approach in a real-world appicati

Results obtained by the application of the SHT to frame 4165 a

visible in Figure 6. Thus, it has been possible to discrirt@mach REFERENCES
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