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Abstract. This paper presents an overview of the road and traffic sign detection 
and recognition. It describes the characteristics of the road signs, the requirements 
and difficulties behind road signs detection and recognition, how to deal with 
outdoor images, and the different techniques used in the image segmentation 
based on the colour analysis, shape analysis. It shows also the techniques used for 
the recognition and classification of the road signs. Although image processing 
plays a central role in the road signs recognition, especially in colour analysis, but 
the paper points to many problems regarding the stability of the received 
information of colours, variations of these colours with respect to the daylight 
conditions, and absence of a colour model that can led to a good solution. This 
means that there is a lot of work to be done in the field, and a lot of improvement 
can be achieved. Neural networks were widely used in the detection and the 
recognition of the road signs. The majority of the authors used neural networks as 
a recognizer, and as classifier. Some other techniques such as template matching 
or classical classifiers were also used. New techniques should be involved to 
increase the robustness, and to get faster systems for real-time applications. 

1. Introduction  
Intelligent Transport Systems (ITS) have great potential to save time, to save money, to 
save lives, and to improve our environment. ITS’s have considerable potential to be a future 
commercial success. These systems are also closely linked to other major emerging 
technologies; the internet, mobile data services, smart sensors, artificial intelligence, 
position technologies, geographical information systems (GIS).  

Road and traffic sign recognition is one of the important fields in the ITS. This is due to 
the importance of the road signs and traffic signals in daily life. They define a visual 
language that can be interpreted by the drivers. They represent the current traffic situation 
on the road, show the danger and difficulties around the drivers, give warnings to them, and 
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help them with their navigation by providing useful information that makes the driving safe 
and convenient [1]. 

The field of road sign recognition is not very old; the first paper appeared in Japan in 
1984. The aim was to try various computer vision methods for the detection of objects in 
outdoor scenes. Since that time many research groups and companies are interested and 
conducted research in the field, and enormous amount of work has been done.  Different 
techniques have been used, and big improvements have been achieved during the last 
decade.  

The identification of the road signs is achieved by two main stages: detection, and 
recognition. In the detection phase, the image is pre-processed, enhanced, and segmented 
according to the sign properties such as colour or shape. The output is a segmented image 
containing potential regions which could be recognized as possible road signs. The 
efficiency and speed of the detection are important factors which play a strong role in the 
whole process, because it reduces the search space and indicate only potential regions. In 
the recognition stage, each of the candidates is tested against a certain set of features (a 
pattern) to decide whether it is in the group of road signs or not, and then according to these 
features they are classified into different groups. These features are chosen so as to 
emphasize the differences among the classes. The shape of the sign plays a central role in 
this stage and the signs are classified into different classes such as triangles, circles, 
octagons, etc. Pictogram analysis allows a further stage of classification. By analyzing 
pictogram shapes together with the text available in the interior of the sign, it is easy to 
decide the individual class of the sign under consideration.  

 
Figure 1. The road sign detection and recognition system. 
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A prototype of road sign detection and recognition system is shown in figure 1. The 
system can be implemented by either colour information, shape information, or both of 
them. Combining colour information and shape information may give better results. 
However, many studies showed that the detection and recognition can be achieved even if 
either of the colour or the shape is missing. The remaining of this paper is organized as 
follows. Section 2 describes the properties of the road signs. Section 3 shows the 
difficulties behind working with outdoor scenes, and the effect of different factors on the 
perceived images. Section 4 describes the detection of road signs by colour information. It 
describes how the colour varies in outdoor images. Section 5 presents the shape-based 
detection methods used for road signs. In section 6, the recognition and classification 
methods used in traffic signs are presented. The last section shows the discussion and 
commentary. 

2. Properties of Road and Traffic Signs  
Road and traffic signs have been designed to be principally distinguishable from the natural 
and/or man-made backgrounds. They are characterized by many features make them 
recognizable with respect to the environment. Road signs are designed, manufactured and 
installed according to tight regulations. They are designed in fixed 2-D shapes like 
triangles, circles, octagons, or rectangles. The colours of the signs are chosen to be far away 
from the environment, which make them easily recognizable by the drivers. The 
information on the sign has one colour and the rest of the sign has another colour. The tint 
of the paint that covers the sign should correspond to a specific wavelength in the visible 
spectrum [3]. The signs are located in well-defined locations with respect to the road, so 
that the driver can, more or less, expect the location of these signs. They may contain a 
pictogram, a string of characters or both [3].  The road signs are characterized by using 
fixed text fonts, and character heights. They can appear in different conditions, including 
partly occulted, distorted, damaged and clustered in a group of more than one sign [3].  

3. Potential Difficulties 
Because of the complex environment of the roads and the scenes around them, road signs 
can be found in different conditions as shown in figure 2, and hence the detection and 
recognition of these signs may face one or more of the following difficulties. 

The colour of the sign fades with time as a result of the long exposure to the sun light, 
and the reaction of the paint with the pollutants in the air [4].The visibility of traffic signs is 
affected by the weather conditions like fog, rain, clouds and snow , and other parameters 
like local light variations such as the direction of light, the strength of the light depending 
on  time of the day and season, and shadows generated by other objects [3, 5]. The colour 
information is very sensitive to the variations of the light conditions such as shadows, 
clouds, and the sun. [4, 6]. It can be affected by the illuminant colour (daylight), 
illumination geometry, and viewing geometry. The presence of the obstacles in the scene, 
like trees, buildings, vehicles and pedestrians [6]. The presence of objects similar in colour 
and/or shapes to the road signs in the scene under consideration, like buildings, or vehicles 
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[4]. They could be similar to road sign by colour, shape or even both of them. Signs may be 
found disoriented, damaged or occluded. The size of the sign depends on the distance 
between the camera and the sign itself. The road signs may appear rotated due to the 
imaging orientation. If the image is acquired from a moving car, then it is often suffers 
from motion blur and car vibration [7]. The absence of standard database for evaluation of 
the existent classification methods.[8,9]  

   

   
Figure 2. Road signs may appear in different conditions. 

4. Colour-based Detection of Road Signs  
Road signs use colours to represent the key information provided to the drivers. Colours 
can be an important source of information in the detection and recognition of road signs. 
Because colours are distinguishing features of traffic signs, they can simplify this process. 
Besides, colour processing can significantly reduce the amount of false edge points 
produces by low-level image processing operations. A camera mounted on a moving car 
produces an RGB image. This image is not suitable in most cases for the detection of signs’ 
colours because the RGB colour space is built as Cartesian coordinate system in which the 
x, y, and z axis are represented by the R, G, and B respectively, and the coordinates of the 
three colours are highly correlated which results that any variation in the ambient light 
intensity affects the RGB system by shifting the cluster of colours towards the white or the 
black corners. An important part of colour-based detection system is colour space 
conversion, which means converting the RGB image into another form that simplifies the 
detection process. This means separating the colour information from the brightness 
information by converting the RGB colour space into another colour space, which gives 
good detection abilities depending on the colour cue. There are many colour spaces 
available in the literature among them are the HSI, HSB, L*a*b*, YIQ, and YUV colour 
systems. The hue-saturation systems are the most used in road sign detection for the 
reasons mentioned below, but the other colour systems are also used in this task.  
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4.1.  Colour Variations in Outdoor Images 
One of the most difficult problems in using the colours in the outdoor images is the 
chromatic variation of the daylight. The result of this chromatic variation, the apparent 
colour of the object varies as daylight changes. The irradiance of any object in a colour 
image depends on three parameters:  

The Colour, intensity and position of the light source: The colour of the daylight varies 
along the characteristic curve in the CIE model. It is given by the following equation: 
 275.00.387.2 2

−−= xxy  38.025.0 ≤≤ xfor  (1) 
Where x and y are the x and y coordinates of the CIE colour model. According to this 
equation, the variation of the daylight colour can be expressed by a single parameter, 
“colour temperature”.  

The reflectance properties of the object: The reflectance of an object )(λs  is a function 
of the wavelength λ  of the incident light. It is given by: 
 )()()( λφλλ es =  (2) 
Where )(λe  is the intensity of the light at wavelength λ , and )(λφ is the object’s albedo 
function giving the percent of the light reflected at each wavelength. This model did not 
take any considerations for the extended light sources, inter-reflectance effects, shadowing 
or peculiarities, but it is the best available working model of colour reflectance.  

The camera properties: Given the radiance of an object )(λL , the observed intensities 
depend on the lens diameter d , the focal length f  of the camera, and the image position 
of the object measured as angle a  off the optical axis. This is given by the standard 
irradiance equation: 
 )4cos()/)(4/).(()( 2 afdLE πλλ =  (3) 

According to this equation, the radiance )(λL  is multiplied by a constant function of the 
camera parameters. This means that it will not affect the observed colour of the object. 
Assuming that the chromatic aberration of the camera’s lens is negligible, only the density 
of the observed light will be affected. 

As a result, the colour of the light reflected by an object located outdoor is a function of 
the temperature of the daylight and object’s albedo, and the observed irradiance is the 
reflected light surface scaled by the irradiance equation [10, 11]. 

4.2. Colour Constancy 
Colour constancy represents the ability of a visual system to recognize an object’s true 
colour across a range of variations of factors extrinsic to the object, such as light conditions 
[12]. This definition means that the purpose of colour constancy algorithms is to generate 
illumination-independent descriptors of the scene colours measured in terms of the 
camera’s RGB coordinates. 

The response of a sensor at position sP  measuring the light reflected from Lambertian 
surface is given by: 
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 BGRcolordCSEI coloroolscolor ,,;)(),()(.)( =∫= λ λλλλ PnnP  (4)  
Where )( scolorI P is the response of the sensor which is located at position sP to the 

RGB colours, ln is a unit vector pointing in the direction of the light source, on a unit 
vector corresponding to surface normal, )(λE is the spectrum of the incident illumination, 

),( λoS P is the spectral reflectance of the surface located at position oP , and )(λcolorC is the 
spectral sensitivity of the camera in the RGB colour. The integration is done over all 
wavelengths to which the sensor responds. By assuming ideal sensors for the RGB light, 
and light source which illuminates the surface at a right angle, the above equation can be 
simplified to: 
 BGRcolorSEI oscolor ,,;),()()( == λλ PP  (5) 

From the above equation, colour constancy can be achieved by independent scaling of 
the RGB colour bands, if it is assumed that the camera sensors are close to ideal [13]. 

Colour constancy is an important issue as far as detection and recognition of road signs 
are concerned. A study by Funt et al. [14] showed that machine colour constancy 
algorithms are not good enough for colour-based object recognition. In spite of this 
disappointing result, many new algorithms were developed after Funt’s paper, Ebner [13, 
15]. The community concerned with traffic sign recognition has not taken colour constancy 
in their studies and no one knows how effective they are for these applications. 

5. Shape-based Detection of Road Signs  
In spite of the wide use of colours in the detection of road signs, the latter can also be 
detected using shapes. It is proved by many research groups that it is enough to use shapes 
of road signs to detect them. One of the points supporting the use of shape information for 
road signs recognition is the lack to standard colours among the countries. Systems rely on 
colours need to be tuned by moving from one country to another. The other point in this 
argument is the fact that colours vary as daylight and reflectance properties vary. In 
situations in which it is difficult to extract colour information such as twilight time and 
night time, shape detection will be a good alternative.  

Using shapes to detect road and traffic signs has certain properties and it may face some 
difficulties. Among the properties and difficulties of shape-based road sign detection are the 
following. Similar objects to the traffic signs may exist in the scene like windows, mail 
boxes and cars. Road signs may appear damaged, occluded by other objects. They may 
appear disoriented vertically or horizontally. As the distance between the camera and the 
sign varies, the size of the sign varies also. When the sign is very small, it will be 
unrecognizable. When the viewing angle is not head-on, the aspect ratio may also change. 
Shapes are not affected by daylight variations, or colour variations [1]. Working with 
shapes necessitates robust edge detection and matching algorithm. This is difficult when the 
road sign appears relatively small in the image. 
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6. Recognition and Classification 
The output of the detection stage is a list of candidate objects that could be probable road 
signs. This list is forwarded to the recognizer for further evaluation, and then to the 
classifier to decide whether the objects in the list are either rejected objects or road signs, 
and in this case the classifier responds with a sign code. 

To design a good recognizer, many parameters should be taken into consideration. 
Firstly, the recognizer should present a good discriminative power and low computational 
cost. Secondly, it should be robust to the geometrical status of sign, such as the vertical or 
horizontal orientation, the size, and the position of the sign in the image. Thirdly, it should 
be robust to noise. Fourthly, the recognition should be carried out quickly if it is designed 
for real time applications. Furthermore, the classifier must be able to learn a large number 
of classes and as much a priori knowledge about road signs should be employed into the 
classifier design, as possible.  

Neural networks are a suitable alternative for recognition and classification of road 
signs. There are two distinct advantages of using neural networks. First, the input image 
does not have to be transformed into another representation space. Second, the result of the 
classification depends only on the correlation between the network weights and the network 
itself if the network topology is assumed to be chosen from the beginning. Furthermore, by 
using neural networks it is possible to avoid problems concerning using template matching, 
in which considerable amount of computations must be performed to transform the objects 
into the representation space such as Hough space, or the Fourier domain, the overhead of 
moving the template over the image in order to get good matching, and the lack of any 
mechanism to deal with new unknown signs which can enter the scene.  

However, neural networks have their own problems. The training overhead still exists, 
and the multi-layer neural networks can not be adapted for on-line application due to their 
architecture. Since this architecture is fixed, there is no provision for an increase in the 
number of classes without a severe redesign penalty, and they can not recognize the new 
patterns without retraining with the entire network. In this respect, they do not offer 
significant advantages over the template matching. 

Other types of neural networks like reconfigurable neural networks, and ART tried to 
offer more flexibility and adaptation of neural networks. They can have capabilities to 
adapt to new signs without need to new training. These techniques lead to faster training 
and recognition times. 

Some other classifiers like clustering classifiers, nearest neighbour classifiers, Laplace 
kernel classifiers may also be another alternative for the classification of road signs.   

Fuzzy classifiers and fuzzy techniques are good alternatives to recognize and classify 
road signs. This technique could be combined, as the neural networks may also do, with the 
set of moments calculated for the signs. There are many moments could be chosen as 
features descriptors to describe the signs. Among them are the central moments, invariant 
central moments, affine moment invariants, radial moments, and Zernike moments.  
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7. Discussion and Commentary  
In the last decade, a large amount of work was done in the field of road sign detection and 
recognition. Many companies and research groups were involved in this research, and very 
good results were achieved.  

Road signs recognition is a technique which uses computer vision and artificial 
intelligence to extract the road signs from outdoor images in uncontrolled lighting 
conditions where these signs may be occluded by other objects, and may suffer from 
different problems like fading of colours, disorientation, and variations in shape and size. 
This task can be divided in two stages: detection and recognition.  

In the detection stage, grey scale images were used because of different problems of 
dealing with colours as it was thought that colour-based segmentation is absolutely 
unreliable. The outer edges of the signs were used in many studies in this field. Among the 
techniques used to extract road signs in such cases were Genetic Algorithms, Hough 
transforms, and Neural Networks-based methods [7, 18]. Other authors used colours and 
standard colour spaces. As lighting varies in outdoor images, they used either the relations 
between colours or colour spaces which are immune to lighting changes. Although colour 
spaces using hue, saturation like HSI and HSV are very common, other colour spaces like 
YIQ, YUV, L*a*b were also used. About 70% of colour segmentation approaches used the 
hue as basic colour cue, while the remaining 30% used other colour systems. Few other 
authors went beyond using these colour spaces by developing databases of colour pixels, 
look-up tables, and hieratical region growing techniques. Colour segmentation techniques 
varied from simple techniques which are very fast and suitable to real-time applications to 
complex techniques like fuzzy or neural network-based which are computationally costly 
but more accurate. This indicates clearly to the fact that there is no standard approach to 
extract colours from the colour image under consideration [1, 2, 19, 20]. 

In the recognition and classification stage neural networks were chosen as first 
alternative. Back propagation neural networks were used for the recognition of road signs 
and for final classification. Kohonen maps were trained for signs partially occluded by 
other objects and to look for signs which were rotated by small angles in the outdoor 
images.  Neural networks played a central role in colour detection, shape detection, shape 
classification, and pictogram recognition. Different kinds of neural networks, such as 
ART1, ART2, Hopfield, Cellular neural networks, were used in different studies [3, 5, 21].  

Template matching came as a second alternative in the recognition stage. It used to 
classify the inner regions of traffic signs, and in some cases it was combined with wavelets 
to extract the local features of the sign. Complex-log transform and 2D-FFT were also 
combined with template matching to achieve better classification results [22-24].  

Other classifiers like classical classifier, weighted distance classifier, nearest neighbour 
classifier, Angular histographic, matching pursuit classifier, Laplace kernel classifier, and 
Euclidian distance were also used for road sign classification [8]. 

Road sign recognition in bad light conditions like twilight time, sunrise time, sunset 
time, and at night was not studied very well. There was a big shortage of information in 
these conditions, and the area needs more attention and more study. Hibi  [24] studied bad 
light conditions road sign recognition. The results showed that 93% of the signs could be 
recognized in bad light condition, which is night in this case, compared with 97% in 
daytime. Other poor lighting conditions like that happened when heavy rain, fall of snow, 
and fog conditions take place, need a serious study and a big attention. As it is very well 
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know in these conditions, extraction of colour information is difficult as the hue is 
meaningless when the lighting goes down below a certain level. 

As far as the colours are concerned, another problem arises because of the fact that 
every sign has a different colour, depending on its age and physical condition. This leads to 
simple conclusion that it is very difficult to obtain a global model for all possibilities of 
colours and physical conditions. Signs in shadow conditions can be another potential 
problem which needs deep study, as cue from all colour spaces, except the hue which is 
invariant to lighting variations, can give partial segmentation. This partial segmentation is 
very similar to that when the sign is occluded by another object. Old age signs can also give 
partial segmentation. Studying occluded signs and partially segmented signs in deep can 
give solutions to all of these problems at once.  

Fuzzy sets, Fuzzy classifiers and Fuzzy Inference Systems were not used in deep in the 
detection and recognition of road signs. Very few contributions were found through this 
review. Jiang and Choi [25] used fuzzy set theory for colour detection. Fang et al. [1] used 
fuzzy rules to combine colour and shape. This field needs more study and more attention. 
Other techniques such as neuro-fuzzy pattern recognition and Fuzzy ARTMAP classifiers 
may be suggested for further investigation in the traffic sign recognition field.   
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