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Abstract

This paper describes an approach to detecting
road signs from complex backgrounds. The input
data are color image sequences acquired using a
single camcorder mounted on a moving vehicle. Two
neural networks are developed to extract color and
shape features, respectively, from image sequences.
A process characterized by fuzzy discipline is then
introduced to determine road sign candidates based
on the extracted color and shape features.
Experimental  results have manifested the
applicability of the proposed method. Incremental
strategies applied to constantly incoming video data
may improve the performance of the method.
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1. Introduction

Automatic recognition of road signs can be of
use in such applications as driver assistant systems,
maintenance of traffic facilities, route planning and
management, as well as administration of
transportation securities and efficacy all toward the
ultimate goal of intelligent transportation systems
(ITS) [10].

Two major steps constitute road sign
recognition: (1) localization and (2) recognition.
This study concerns the localization of road signs
from complex scenes. Road signs can be broadly
categorized in terms of functionality into three
classes: specification, warning, and prohibition. Each
class is characterized by a few particular colors, e.g.,
blue and green (specification), yellow and orange
(warning), and red (prohibition). While colors
provide crucial evidence for road sign detection, the
colors of signs generally degrade with time.
Moreover, the chromatic properties of colors could
be altered by shading, shadowing, highlighting, and
different weather, air, as well as lighting conditions.
Road sign detection has to rely on other supports in

addition to the color one. In this study, structural
evidence of road signs is incorporated. The scenes
under our consideration may be taken from freeways,
expressways, highways, boulevards, streets, and
country roads, which involve considerably distinct
backgrounds and road signs. Reliable detection of
road signs from various scenes could be rather
challenging.

Many techniques [1, 3, 4, 5, 6, 7] have been
developed to detect road signs from scenes. Most of
them worked on single input images [3, 4] and some
on grey level images. In this paper, video color
image sequences are employed because they provide
rich information for the purpose. Lalonde and Li [3]
reported a color indexing approach to identifying
road signs. There was a prebuilt database in their
system. In the database, road signs were described in
terms of color histograms. Identifying a road sign
extracted from an image was carried out simply by
comparing its color histogram with those in the
database. Their method did not take into account the
structural evidence of road signs. Piccioli et al. [7]
incorporated both color and edge information to
recognize road signs. They claimed that their
technique could readily be applied to temporal image
sequences and would improve the performance.

In this paper, a structural evidence of road
signs is presented, referred to as circular shape
features. The methods for detecting color and shape
features are addressed in the following section.
Besides, a process characterized by fuzzy discipline
is introduced for integrating information derived
from the continually incoming video sequences. The
experimental results with real images are
demonstrated in Section 3, followed by concluding
remarks and future works in Section 4.

2. Road Sign Detection System

In general, road signs convey traffic
information through their shapes, colors, and
contents. To attract human attention, road signs are
usually designed using particular colors and shapes.
Thus, color and shape are two important features of



road signs, which are useful to be a priori
information for automatic road sign detection.

The outline of our road sign detection system
is shown in Figure 1. One image S’ of an input
video sequence, S, is fed into the road sign detection
system. First, the detection system splits the color
image channels to calculate the hue image, S,”, for

extracting the color feature. The color feature is
defined as the centers of some special color regions.
Second, an edge detection method is applied to

acquire the edge image, S, for extracting the

shape feature. The shape feature is defined as the
centers of some fixed shape regions. Third, the color
and shape features are integrated to locate the centers
of road signs, and this is the result of road sign
detection. Finally, the car speed is predicted to
update the parameters of our feature extraction
procedures, and it provides the immediate
information for later processing successive

image §*V.

Two neural networks are developed to detect
color and shape features, respectively. Both of the
neural networks are constructed by two layers of
neurons, one is input layer, the other is output layer.
The synapses between input layer and output layer
are full connection. Figure 2 shows the sketch of
these two neural networks, and they will be
explained in detail later.

2.1 Detection Using Color

Although road signs are mainly made by
particular colors, such as red, green, blue, and orange,
this fact does not reduce the difficulty of road sign
detection. On account of the weather conditions, the
outdoor illumination varies, and can not be under
control. Moreover, the paint on signs also
deteriorates with time. Thus, we should look for a
suitable color model for road sign detection.

Many color models are provided to process
color image [2, 8], including RGB (Red, Green, Blue)
model, normalized RGB model, HSI (Hue,
Saturation, Intensity) model, TekHVCT model, XYZ
tristimulus coordinates, CIE (the International
Commission on Illumination) (Lab) space, CIE (Luv)
space, YIQ and YUV color system, and so on.
Different color models can be utilized for different
applications. Since the HSI color model is defined
based on human color perception [2], and the
designing point of road signs is focused on capturing
human attention, HSI model may be suitable for the
application of road sign detection.

In HSI color model, the values of saturation
channel and intensity channel should inevitably be
under the influence of light (sunny or shady) and
shadow. Nevertheless, hue channel is well known to

be invariant to lightness [2, 8]. In consideration of
the uncertainty of the weather and the natural and
artificial damages of road signs, we think hue
channel is the best choice among color features in
road sign detection.

2.2 The Neural Network for Color Feature
Detection

Since the color model used by the camcorder
is RGB model, we first transfrom RGB model to HSI
model. In fact, only the hue channel is needed. Let
(R, G, B)y indicate the red, green, and blue color
values of the pixel (£, /) in the color image and input
to neuron g on the input layer. If, for example, the
neural network would be used to extract the “red”

color, and /¢ is defined as follows:
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Then, the output of neuron ¢ should be defined
by
180—h°(k,l)+ R, if h°(k,1) =R,
X, =
180+ A (k,1)- R, if 2°(k,1) <R,
(@)

where R, is the hue value of the standard “red” color.

First, function 4° calculates hue values when
the red value is larger than green and blue values in
the RGB model. This is the loosest constraint about
the definition of “red”. Second, from equation (2),
neuron g works like a similarity function, the more
similar between the color of an image pixel and the
standard “‘red” color, the larger output value of the
neuron q.

Let r°(i, j,k,l)=+(i—k)> +(j 1)’ , then

the weight between neuron ¢ on the input layer and
neuron p on the output layer could be defined as
follows:

Alre (i k1) ifizk,j#l,
Wlfl,i/' = and7, <r° <T, )
0 otherwise

here A4 is a constant, (i, j) could be regarded as the
center of a road sign; 7; and 7, are the inner and
outer radii, respectively, of the ring region we are



interested in and they will be adapted to extract
different sizes of road signs. Thus, for every neuron
p on the output layer, the net input to the neuron p
could be calculated by

c _ c..c 4
nety = 3% X W @)
kol

where the indices, k and /, run over all connections
from input layer to the neuron p. If 0 denotes

the transfer function of neuron p, then the output of
the neuron p could be written as follows:

y;; = f (net;) = net; )

here the transfer function of neuron p only outputs
the same input value. The output value of neuron p

indicates the possibility whether there is any “red”
ring whose center is at (i, j).

2.3 Detection Using Shape

The design of road sign shapes are only simple
geometric shapes, including circle (e.g. railroad
advance warning or civil defense evacuation route),
rectangle (e.g. regulatory signs or guide signs),
octagon (e.g. STOP signs), equilateral triangle (e.g.
YIELD signs), and so on. Since shape feature does
not vary in all weathers and light conditions, it is a
useful and robust characteristic of road signs.

Shape information especially helps to remove
the unsuitable color feature points, such as the pixels

belonging to a “red” building or a “red” car, that is,

a large “‘red” region but not a road sign. Although
sometimes road signs may be partly occluded or
damaged, the shape information is still very reliable
in road sign detection.

2.4 The Neural Network for Shape Feature
Detection

Edges are the fundamental elements forming
shapes. Thus, the neurons on input layer work as an
edge detection function. Let (R, G, B);, indicate the
red, green, and blue color values of the pixel (k, /) in
the color image and input to neuron ¢ on the input
layer, and X, denotes the output of neuron ¢, then

x; :\/(]k/_Ik-11)2+(1k/_1k/-1)2 . (6)

Here /,, =(R+G+B),, /3, and equation (6) could

be replaced by any other edge detection equations,
such as Roberts, Sobel, Laplacian, and so on.

Let »(,j,k)=+yG-k)?+(j-0* . If, for

example, the neural network would be used to
extract the circular shape, then the weight between
neuron ¢ on the input layer and neuron p on the
output layer could be defined by

BIr* (ij,k1) if r>7Ts,
and rmodC<C/2 (7)
Wy = =Bl ikl ifr>Ts,
and rmodC2>C/2
0 otherwise

here T3, B, and C are constants, and C depends on
the method of edge detection we choose. Thus, for
every neuron p on the output layer, the net input to
the neuron p is given by

nety = xywy,; (®)
ko1

where the indices, k£ and /, run over all connections
from input layer to the neuron p. If 750 denotes

the transfer function of neuron p, then the output of
the neuron p is

s s s 1 if | net; |> T4
vy =1y (nety) = {0 ’ ©)

otherwise

here T, is a threshold, and 10 is a step function. If
the output of 70 is 1, then we believe that there is

at least a circle whose center is at (i, /).
2.5 Fuzzy Feature Integration

The shape and color features extracted by the
foregoing neural networks should be integrated to
locate the centers of road signs. Here we provide a
fuzzy approach to accomplish this job.

For every pixel (i;,/;) in the input image, its
fuzzy degree belonging to road signs, the
membership function, g, is defined as follows:

1 j) =8, S e X s i ) (10)
i

1 Gi=i))"+(h—J2) ( )
jm(i7j’i’j) e e
12 J12%2>J2 (2

s

where O is a constant; i, is the output of the

neuron (i;, j;) on the output layer for the neural
network of shape feature point detection; and Vi,
2J2

is the output of the neuron (i, j,) on the output layer
for the neural network of color feature point
detection.

Since there may be more than one road sign in
an image, we select the local maximum in
sub-regions to locate the road signs. Let the initial
size of road signs be SIZE; the locations of road
signs be defined by
max M)

i~SIZE | 2<i\<i+SIZE |2
J-SIZE |25 j,< j+SIZE 12

otherwise

i uG, )=
Location(i, j) =

(12)



If the output of Location(i, j) is 1, then we think
it has high possibility that there exists a road sign
whose center is at (i, j).

3. Experimental Results

At present, the system is first experimented to
detect the red circular road signs, and it can be
extended to detect other road signs later. Figures 5
and 6 show the two input video sequences, S; and S,
respectively. Sequence S; is taken in the high way,
and S, is taken on the street. In these video
sequences, the size of each image is 320%240 pixels
and the time between two successive images is 0.2
second.

Figure 3 shows the experimental results of one
frame, the fifth frame of the video sequence S;. First,
the input image is shown in Figure 3(a). There is a
speed limit sign in the image. Second, the output
results of the neural network for color feature
detection is shown in Figure 3(b) and the white
pixels indicate the color feature points of the input
image. In this step, we defined Ry =0, B =1, and the
initial values of 7; and T, are 5 and 15, respectively.
Third, the output results of the neural network for
shape feature detection are shown in Figure 3(c), and
the white pixels indicate the shape feature points of
the input image. Here we defined 4 = 100, C =6, T;
= 5, and T, = 40. Finally, Figure 3(d) is the
integrated result of the road sign detection system
(where o =2 and SIZE = 20). The system uses one

white rectangle to indicate one location of road signs.

In this example, our system detects the speed limit
sign correctly.

Figure 4 shows another example provided by
video sequence S, with Ry=0, T, = T5;=10, T, =22,

T,=40,4=100,B=1,C=6, 0=2and SIZE = 20.

Although there is actually only one no right turn sign

in the traffic scene, our system detects more than one.

We believe the false alarm will be refined by the
following images if the car speed could be predicted
precisely.

Now, we can make an observation on the above
examples. The result of the example shown in Figure
3 is mostly affected by color feature. The main cause
is that the number of shape feature points is larger
than that of color feature points. On the other hand,
since the number of color feature points is larger
than that of shape feature points, the result of the
example shown in Figure 4 is mainly affected by
shape feature. In short, color and shape features may
have different weights in different examples.

Finally, Figures 5 and 6 illustrate more
experimental results of the different frames in the
video sequences S; and S, respectively. In these
examples, we applied simple linear method to
predict the car speed, but we did not use a priori

knowledge to enhance the correctness of road sign
detection.

4. Conclusions and Future Work

Our paper describes a method for detecting
road signs from complex background. Input a color
sequence images acquired by a single camcorder,
two neural networks are developed to extract the
color and shape features, respectively. A fuzzy
approach to integrating color and shape features is
introduced for selecting the candidates of the centers
of road signs. Experimental results show that our
system works well.

Our system predicts the car speed by linear
method now, but in fact the velocity variation of the
car is nonlinear. If the system could include a precise
technique of car speed prediction, such as Kalman
filter [9], then its functionality will be improved.
Furthermore, if we could accurately track motion
trajectories of the road signs by incorporating the
information of the image sequence, we can detect the
road sign more robustly. These are our future works.
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Figure 2: Sketch of the neural network for color
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position of neuron p on the output layer, (%,
[) is the position of neuron ¢ on the input
layer, and Wy, is the weight between
neuron ¢ on the input layer and neuron p on
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(a)

(b)

Figure 3: The experimental results of one frame in video sequence S;, (a) the input image; (b) the output of the neural

network for color feature detection; (c) the output of the neural network for shape feature detection; and (d) the
integrated result of the road sign detection system. White square is the detected road sign.

(a)

- |

(®)
Figure 4: The experimental results of one frame in video sequence S,, (a) the input image; (b) the output of the neural
network for color feature detection; (c) the output of the neural network for shape feature detection; and (d) the
integrated result of the road sign detection system. White squares are the detected road signs. There is a false

alarm on the upper left corner.
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(b) Frame 2.
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(d) Frame 4. (h) Frame 8.

Figure 5: The experimental results with video sequence S;. The first eight frames of this sequence are shown
in (a) to (h). The size of each image is 320x240 pixels and the time between two successive images
is 0.2 second.



(b) Frame 2. ' (d) Frame 4.

Figure 6: The experimental results with video sequence S,. The first four frames of this sequence are shown in
(a) to (d). The size of each image is 320x240 pixels and the time between two successive images is 0.2
second.
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