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Abstract 

Road sign detection and tracking is one of 
the major tasks in a visual driver-assistance 
system. This paper describes an approach to 
detecting and tracking road signs appearing in 
complex traffic scenes. In the detecting phase, 
two neural networks are developed to extract 
color and shape features of traffic signs, 
respectively, from scenes images. A process 
characterized by fuzzy-set discipline is then 
invoked to search for road signs in the images 
on the basis of the extracted features. In the 
tracking phase, Kalman filter is employed to 
predict the positions and sizes of the road signs 
located earlier. The experimental results show 
that the proposed method can perform well in 
both detecting and tracking road signs present 
in complex scenes and in various weather and 
illumination conditions. 
Keyword: Road sign detection and tracking, 
HSI color model, Neural networks, Fuzzy 
integration, Kalman filter 

I. Introduction 

Road signs are usually designed using 
particular colors, such as red, green, blue, and 
orange, and simple geometric shapes, including 

circle (e.g. railroad advance warning), rectangle 
(e.g. regulatory signs or guide signs), octagon 
(e.g. STOP signs), and equilateral triangle (e.g. 
YIELD signs). Thus, color and shape 
characterizations of road signs provide useful a 
priori information for automatic road sign 
detection [2, 3, 4, 5, 6]. While road signs are 
made up particular colors and simple shapes, 
these do does not reduce the difficulty of road 
sign detection and tracking. For example, on 
account of weather and lighting conditions, 
outdoor illumination typically varies from time 
to time. Moreover, the paint on signs also 
deteriorates with time. To overcome these 
difficulties, we developed a visual system for 
detection and tracking of road signs. 

II. The Detection and Tracking System 

The outline of our road sign detection and 
tracking system is shown in Figure 1. First, one 
image, )(tS , of an input video sequence S is 
fed into the road sign detection and tracking 
system, as Figure 2(a) shows. Second, the color 
image is split into H (hue), S (saturation), and I 
(intensity) channels [1, 7], and only the hue 
values of some particular colors is calculated to 
form image )(tH  [Figure 2(b)] for extracting 
the color feature. The color feature is defined as 
the centers of some special color regions. Third, 
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an edge detection method is applied to acquire 
the gradient values to construct the edge map, 

)(tE  [Figure 2 (c)], for extracting the shape 
feature. The shape feature is defined as the 
centers of some fixed shape regions. Color and 
shape features are detected by neural network 
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. In other words, these two 
neural networks have the same structure and 
the sketch of the neural network is shown in 
Figure 3.  

In both of the neural networks, if (R, G, B) 
indicates the red, green, and blue color values 
of one pixel in the color image and input to 
neuron q (k, l) on the input layer. Then, the 
output x of neuron q on the input layer in color 
feature detection neural network is defined as 
follows: 
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and h0 indicates the hue value of the standard 
“specific” color. The weight ijklw ,  between 
neuron q (k, l) on the input layer and neuron p 
(i, j) on the output layer is defined as follows: 
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where 22 )()( ljkir −+−= ; T1, T2 are the 
inner and outer radii, respectively, of the ring 
region in the road signs. 

On the other hand, the output x of neuron 
q (k, l) on the input layer in shape feature 
detection neural network is defined as follows: 

2
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where 3/)( BGRI ++= . The weight ijklw ,  
between neuron q (k, l) on the input layer and 
neuron p (i, j) on the output layer is defined as 
follows: 
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here C is a constant depends on the method of 
edge detection. 

Fourth, the color and shape features are 
integrated to locate the centers of road signs. 
The color and shape features extracted by 
neural networks, the locations of the centers of 
road signs from the viewpoints of color and 
shape characterizations respectively, are not 
exactly the same, thus the fuzzy approach is 
utilized for accomplishing the integration step.  

The fuzzy degree of pixel (i, j) in the input 
image belonging to road signs is then defined 
as follows: 

ε
μ

+
×+×

=
D

ywyw
ji

s
nms

c
lkc ''''),( , 

where )(max
),(''

c
klNlk

c
lk yy

ij∈
= ; )(max

),(''
s
mn

Nnm
s

nm yy
ij∈

= ; 

22 )''()''( nlmkD −+−= ; Nij indicates the set of 
neurons which are neighbors of the neuron (i, j); 
wc and ws are the weights of color and shape 
features, respectively, and ε  is a positive 
constant to avoid division by zero. 

Now, the location function of road signs, 
L(i, j), can be defined: 
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here R is the initial size of road sign, and T3 is a 
threshold to detect local maximum of 
membership values. The integration results of 
Figures 2 (b) and (c) are shown in Figures 2 (d) 
and (e). 

After the integration step, a simple 
verification process is utilized for verifying the 
authenticity of the road sign candidates, and the 
result is shown in Figure 2 (f). Finally, the 
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parameters, including the positions and radii, of 
the road signs are predicted by Kalman filter 
technique [8] to update the parameters of the 
feature extraction procedures, and these 
parameters of road signs provide the immediate 
information for later processing successive 
image )1( +tS . The operation of the Kalman filter 
[9] is shown in Figure 4, and we define the 
state vector s, the measurement vector z, the 
transform matrices H and A as follows: 
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where f is the camera constant; v means car 
velocity; R is the radius of road sign; r 
indicates the projection radius of road sign; x 
and y indicate the projection x-axis and y-axis 
distance between the road sign and camera lens, 
respectively; and tΔ  indicates the time 
between time t and t+1. 

III. Experimental Results 

In the experiment, we got some video 
sequences from the camcorder mounted on a 
vehicle, and converted these analog signals into 
digital image sequences by computer software 
(Adobe Premlere 5.1). The size of each image 
is 320×240 pixels and the time between two 
successive images is 0.2 second. Figure 5 
shows the experimental results with sequence 
S1, the first fifteen frames of this sequence are 
shown in (a) to (o). 

In the beginning, when the first one 

image of the sequence S1 fed in, our system 
detected the red circular road sign candidates 
whose radius is eight pixels by extracting the 
color and shape features. And then, Kalman 
filter is utilized to estimate the parameters of 
road signs with the speed of the vehicle for the 
next image. Thus, if the next image feeds in, 
we can only search the neighborhood of the 
estimated centers, instead of the whole image, 
of the road signs to track their trajectories. 

If a road sign is large and clear enough, 
we could get accurate verification result, 
because the larger the road sign is, the more 
complete information it can give us. On the 
other hand, verifying the road signs too late 
will wastes too much time to track the 
impossible candidates. Thus, we decide to 
verify a road sign when its radius is larger than 
ten pixels.  

Our system can tolerate some tracking 
mistakes. If a road sign candidate misses in one 
image, then we replaced its detected position 
and size by estimated position and size, 
predicted by Kalman filter in previous images, 
until it has been detected again. Nevertheless, if 
a road sign candidate is continuously lost in 
five successive images, then we give up to 
estimate it. 

From Figure 5 (a) (Rcir=8, Tcir=1, U=0.5), 
we knew that there are three road sign 
candidates detected by our system, but two of 
them are partially occluding in next image 
(Figure 5 (b)). This situation causes the 
tracking mistake. The real road sign can not be 
correctly detected indeed. However, the 
mistake was recovered later (Figure 5 (c)). 
Figure 5 (d) shows that the road sign is 
correctly detected even partially occluding in 
some situations. We verified the road sign 
candidates from the fifth image (Figure 5 (e)) 
of the sequence. However, verification does not 
have any effect on this image because there is 
only one correct candidate in it. Compared (d) 
with (e) in Figure 6, we can observe the 
verification effect obviously. 
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Figure 6 illustrates the experimental 
results with complex background. Here we 
frame the red road signs with red boxes. These 
examples show that our road sign detection 
method also can be suitable to extract the road 
signs in various complex backgrounds. 

III. Conclusions 

In summary, this paper describes an 
approach to detecting and tracking 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. The technique of Kalman 
filter is used to predict the positions and radii 
of the road signs. Experimental results have 
manifested the applicability of the proposed 
method. 
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Figure 1: Outline of the road sign detection and tracking system. 
 
 

 
(a) (b) (c) 

 
(d) (e) (f) 

Figure 2. An example of road sign detection process. (a) An original input image. (b) The color 
feature map of the input image. (c) The shape feature map of the input image. (d) The 
integration map of color and shape features. (e) The result after integration step. (f) The 
result after the verification step. 
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Figure 3: Sketch of the neural network for color (shape) feature detection, where (i, j) is the position 
of neuron p on the output layer, (k, l) is the position of neuron q on the input layer, and wkl,ij 
is the weight between neuron q on the input layer and neuron p on the output layer. 

 

Figure 4: A complete picture of the operation of the Kalman filter [9], where sk means the state 
vector; −

kŝ  is the a priori state estimate at step k; kŝ  is the a posteriori state estimate; 
Pk indicates the a posteriori estimate error covariance; −

kP  is the a priori estimate error 
covariance; zk is the measurement vector; Hk is the transform matrix between zk and sk; Ak 
is the transform matrix between sk and sk+1; Kk means the Kalman gain; B is the weight 
matrix of the control input; uk is the control input; and Rk  and Qk indicate the variances 
of the measurement noise and the process noise, respectively. 
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(a)  (b) (c) 

 
(d) (e) (f) 

 
(g) (h) (i) 

 
(j) (k) (l) 

 
(m) (n) (o) 

Figure 5: The experimental results with video sequence S1. The first fifteen frames of this 
sequence are shown in (a) to (o). The size of each image is 320×240 pixels and the time 
between two successive images is 0.2 second. 
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(a)  (b) (c) 

 
(d) (e) (f) 

 
(g) (h) (i) 

 
(j) (k) (l) 
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Figure 6: The experimental results with video sequence S2. The first fifteen frames of this 
sequence are shown in (a) to (o). The size of each image is 320×240 pixels and the time 
between two successive images is 0.2 second. 
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