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Abstract. The road signs provide important information about road and traffic 
to drivers for safety driving. These signs include not only common traffic signs 
but also the information about unexpected obstacles and road constructions. 
Accurate detection and identification of road signs is one of the research topics 
in vehicle vision area. In this paper we propose a stereo vision technique to au-
tomatically detect and track road signs in a video sequence which is acquired 
from a stereo vision camera mounted on a vehicle. First, color information is 
used to initially detect the candidates of road signs. Second, the Support Vector 
Machine (SVM) is used to select true signs from the candidates. Once a road 
sign is detected in a video frame, it is tacked from the next frame until disap-
peared. The 2-D position of the detected sign on the next frame is predicted by 
the motion of the vehicle. Here, the vehicle motion means the 3-D Euclidean 
motion acquired by using a stereo matching method. Finally, the predicted 2-D 
position of the sign is corrected by the template matching of a scaled sign tem-
plate in the near regions of the predicted position. Experimental results show 
that the proposed method can detect and track road signs successfully. Error 
comparisons with two different detection and tracking methods are shown. 
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1 Introduction 

With the emergence of the vehicle vision many smart technologies such as forward 
and backward obstacle detection, navigation systems, and unmanned vehicle driving 
have many research attention. Despite the development of automobile technologies, 
still the driver’s negligence causes many accidents on the road. The road signs are 
very simple but give very important information about the road condition and danger-
ous situation to the drivers and pedestrians to avoid accidents. If the technology can 
be used to automatically detect and recognize road signs we can avoid most of these 
accidents caused by the negligence of the drivers. In this research we introduce an 
automatic road sign detection and tracking technique to provide safety information to 
vehicle driver. 

Many researches have been studied to detect and recognize road signs in various 
road and environment conditions. Some of them have used color information to detect  
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Fig. 1. A block diagram of the proposed algorithm 

the road signs or machine learning techniques to recognize the signs [1][2][3]. How-
ever, when some obstacles occlude the road signs or color information is not clear 
with the weather changes, it is difficult to detect the road signs correctly. Some meth-
ods have used the edges and color features to detect the traffic signs based on neural 
networks [4]. In order to track the road signs, they assumed that the speed of the vehi-
cle and the physical sizes of the road signs are known. Then the road signs in the next 
frame are detected using this information. Some investigations have been introduced 
to make use of the transformation matrix between the camera coordinate system and 
the object coordinate system to find the 2D-3D point correspondences for detecting 
traffic signs [5][6]. In recent researches, various methods have been used together for 
detecting and recognizing the road signs more accurately and robustly. In [7], color 
information, cross-correlation function, and PCA (Principal Component Analysis) are 
used to detect the road signs and a binary tree is used to recognize them.  

In this paper, we propose a road sign detection and tracking technique using the 3D 
information from a stereo vision camera mounted on a moving vehicle. Color infor-
mation and the SVM (Support Vector Machine) are used to detect road signs. The 3-D 
position of a detected sign is provided by the depth map calculated by the stereo vision 
camera. Then the 3-D position information is projected to the image space of the next 
from to track the sign. By applying this sign tracking algorithm based on the infor-
mation found in the previous frame, the proposed method is more robust to the  
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environmental changes. As the first step of the proposed sign detection and tracking 
technique, we classify color objects in a video frame using a look-up table in HSI color 
space. Then we run labeling and canny edge extraction algorithms to find the candi-
dates of traffic sign objects. After founding candidates, we perform a template match-
ing to filler out some erroneous traffic signs from these candidates and detect true signs 
sing SVM [8]. Once a road sign is detected, its 3-D position is obtained from the depth 
map of the current frame as mentioned above. Then the 3-D position is projected to the 
2-D image plane of the next frame to predict the road sign. The predicted road sign is 
refined by a template matching of the sign. When doing the template matching, the 
template of the sign in the previous frame is scaled according to the actual 3-D size of 
the sign. This scaled template increases the tracking performance. The tracking algo-
rithm runs iteratively until the sign disappear from the sequence.  

2 Road Signs Detection and Tracking 

Road sign detection from an image sequence is the first step of the proposed technique 
which is followed by road sign tracking. A stereo camera is mounted on a moving 
vehicle to acquire the image sequences. Fig. 1 shows the overall processes of the pro-
posed tracking technique. First, in every video frame, RGB color model is converted to 
HSI color model and the hue component is converted to a binary image by a threshold 
value [8]. Second, initial sign candidates are obtained by labeling and matching with 
sign templates of triangle, circle and rectangle, and etc. Third, using the learning data 
of SVM, we decide correct signs from the candidates. At the same time, the 3-D posi-
tions of detected signs are computed from the depth map of the current frame, which is 
obtained by the SGBM (Semi Global Block Matching) stereo matching method. 
Fourth, the 3-D positions of the signs are projected to the image plane of the next 
frame using the PPM (Perspective Projection Matrix) of the stereo camera. The sin 
tracking algorithm in the next frame will be described later in another section.  

2.1 Image Threshold Using Color Information  

To detect road signs in a video frame, we use the color information of the road signs. 
In general, the color of road sign composed of red, blue, yellow, and white. To extract 
the candidates of sign, first we convert every image frame to HIS color image. In 
order to detect road objects such as temporary construction signs and general traffic 
signs, the hue image is converted to a binary image using Equation 1 which divides 
color value as achromatic and chromatic values. The reason we use Equation 1 is that 
most road signs is chromatic. In Equation 1, the range of R,G and B is 0 to 255. If f is 
greater than 1, it is regarded as the chromatic and the remainder is filtered out consid-
ering it as achromatic. The total range of hue value is 0° ~ 360°, and we use hue value 
of 330° ~ 360° and 0° ~ 40°. 

(1)
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2.2 Labeling and Template Matching  

A group of sign candidates is decided in the binarized video frame through the label-
ing process. When there is a binary image, the labeling process is to give identifica-
tion to each object group. Therefore, different groups of objects have different labels. 
Also, If the two road signs is connected, we must divide these. We can distinguish the 
two road signs using canny edge extraction algorithms. To decide whether a given 
labeled object is a road sign or not, we match them with the standard shape of road 
signs, circles, triangles, inverted triangles and etc. After the image of candidate is 
scaled same with the template image size, the template matching method measures 
brightness difference between the template and candidates. Table 1 shows the number 
and type of the template matching stages. 

Table 1. Number and type of traffic sign templates 

Form of templates Number of templates 
Triangle 12 
Inverted triangle 12 
Circle 6 
Rectangle 6 
Rhombus 4 

2.3 Traffic Sign Detection Using SVM  

In this stage we decide whether a labeled object is a traffic sign or not through previous 
learning data. The SVM is a method to classify observations with the two categories 
basically. When a sign object is tested, it is recognized as positive and negative. In this 
paper, sign images are actually small and environment images are set as training data. 
Then the traffic signs are set positive, the environment elements are set negative. When 
the data is trained, feature elements are values of brightness, data size is 80×80, the 
number of positive images is 500, and the number of negative images is 2000. 

2.4 Stereo Matching 

Stereo matching is performed to determine the 3-D motion of the vehicle and the 3-D 
coordinates (x,y,z) of a detected traffic sign. After performing the calibration of our 
stereo camera by Zhang’s calibration method [9], we obtain the Perspective Projec-
tion Matrix (PPM) of the stereo cameras. PPM consists of camera focal length, image 
scale and origin of the difference between image plane and pixel plane. By setting the 
two dimensional coordinates(x,y) of sign objects in the left and right image planes as 
the input, we compute the three-dimensional coordinates of the objects. In this paper, 
we extract the sign objects from the left image and set the ROI(Region Of Interest) 
based on the information. We generate a 3-D depth map from the stereo image by 
using SGBM[10], which is a common matching method. The motion between con-
secutive video frames is computed based on the depth map. And the 3-D coordinates 
of the matched signs are obtained by using the depth map also.  
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Fig. 2. The tracking algorithm, based on motion and stereo vision 

2.5 Traffic Sign Tracking 

There are two major reasons that sign tracking is needed. First, in the current  
frame, if we cannot find the signs which is found in the previous frame due to the 
changes in the image color or the sign is blocked by an obstacle we can use the track-
ing method to find it. Second, if the current signs are the same as the signs in the 
previous frame, we can improve the execution speed of the detection step by skipping 
the SVM operation that takes time. Fig. 2 shows the overall process of the proposed 
tracking method.  
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Fig. 3. The size of traffic signs at time (t) and (t+1) 

Suppose the time of the current frame is t and the next frame is t+1. The camera 
motion information is calculated in the form of transformation matrix between the 
frame t and t+1[11]. In [11], after three-dimensional information of road sign is calcu-
lated based on the depth map, Random Sample Consensus (RANSAC) algorithm is 
performed. Then, the initial motion vector is calculated. Later, the motion vector is 
refined by using a non-linear model. For more information, see [11]. And at frame t, 
we estimate the three-dimensional coordinates of the signs at frame t+1 using the 
three-dimensional coordinates of the signs and the transformation matrix at frame t. 
We calculate the two-dimensional pixel coordinates in the t+1 frame from operation 
between three-dimensional value that obtained by transformation matrix operation 
and inverse PPM of the camera information. 

2.6 Tracking Refinement 

The sign position obtained by the motion of the vehicle is not accurate due to the 
motion estimation error. Thus, based on object information in the pixel coordinates of 
predicted signs at t+1 frame, we calculate accurate pixel coordinates of the sign by 
template matching. Template matching is done after setting the ROI in the t+1 frame 
using the normalized correlation coefficient map. In order to perform correct template 
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matching, we need exact image size of road signs. If we don’t know the image size of 
the signs, template matching gives erroneous results. To know the exact image size, 
we calculate the size using geometric relations between t and t+1 frames. Fig. 3 
shows how to calculate the size of the road signs. Here, f is focal length. First, we 
have to calculate the actual size of the signs. The actual size of the signs is calculated 
using Equation 2. In Equation 2, D is depth between the camera and a detected sign, 
W is the width of the sign in the world coordinate, and w is the width of the sign in 
the pixel coordinate. Also in Equation 3, H is the height of the sign in the world coor-
dinate and h is the height of the sign in the pixel coordinate. Once we calculate the 
actual size of the sign in t frame, we can calculate the size of the sign in t+1 frame. 
Calculation of the size is applied to width and height. Finally, we perform template 
matching in the t+1 frame with the calculated size of the signs.  

Actual tracking process is managed by a structure object in the C++ programming 
language. One structure object stands for one road sign. We manage the structure 
object during our tracking algorithm. When the tracking algorithm finds a road sign, 
frame number, image size of the sign, pixel position, ROI, and type of the sign are 
stored in the structure object. And, the information of the same sign tracked in the 
next frame is updated also. The sign information in the structure object is maintained 
until the sign disappears. 

 
(2)

(3)

3 Experiment 

To obtain experimental video sequences, we use a Bumblebee XB3 stereo camera 
with 800×600 resolutions at 30 frames rate. Fig. 4 shows the algorithm flow of a road 
scene. Fig. 5 shows sign detection results with and without tracking method. The left 
image is t frame, and the right image is t+1 frame. With tracking method, more signs 
are detected in the consecutive frames. Quantitative performance comparisons of the 
proposed method are done with two other methods. In the color segmentation with 
SVM method, tracking algorithm is not performed. In other words, only the sign de-
tection algorithm is performed. The third method is tracking only method. When 
applying only template matching, the vehicle motion information and the predicted 
image size of the sign are not used. Cumulative number of missing signs is shown in 
Fig. 6. In this figure, x-axis represents frame number and y-axis represents the cumu-
lative number of missing signs. Using color and SVM, average processing speed is six 
frames per second and about 45% of road signs in the test video frames are not de-
tected. In case of using the third method, average performance speed is about eight 
frames per second and the missing rate of the sign is about 30%. 
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Fig. 4. The Image step of function 

 

Fig. 5. Result of the tracking algorithm, (a) without tracking algorithm, (b) with tracking  
algorithm 



616 C.-W. Choi, S.-I. Choi, and S.-Y. Park 

 

Fig. 6. Number of cumulative missing signs 

Table 2. Experiment results table of Color segment & SVM 

 Data set 1 Date set 2 Data Set 3 Data Set 4 
Number of full signs 192 57 35 108 
Number of detected signs 109 30 18 58 
Success rate 55.1% 52.6% 51.4% 53.7% 

Table 3. Experiment results table of Tracking method (only template matching) 

 Data set 1 Date set 2 Data Set 3 Data Set 4 
Number of full signs 192 57 35 108 
Number of detected signs 138 40 25 74 
Success rate 71.8% 70.1% 71.4% 68.5% 

Table 4. Experiment results table of the proposed method 

 Data set 1 Date set 2 Data Set 3 Data Set 4 
Number of full signs 192 57 35 108 
Number of detected signs 162 48 31 90 
Success rate 84.4% 84.2% 88.6% 83.3% 
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(a) 

 
(b) 

Fig. 7. Distance of the signs center coordinate between ground truth and results of the different 
methods 
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Contrast to above mentioned methods, the proposed algorithm runs eight frames 
per second in average and the missing rate of the signs is about 15%. The graph 
shown in Fig. 6 shows that higher detection rate of the sign is achieved by using the 
proposed methods. However, if we use only the template matching, the system will 
not be able to adapt to the changes of the sign size in each frame while the vehicle is 
moving. The camera motion information can be used to track the signs more accurate-
ly. In the evaluation we check the detection of the signs in each frame. If there is a 
sign closer than 80m from the vehicle, but it is not detected by the algorithm, we 
consider it as a missing sign. Main reasons of missed sign are bad color information 
of the sign and occlusion by obstacles. Table 2, 3 and 4 gives the number of total 
signs available in the data set, number of successful detections and its percentage 
using the same three methods respectively. Each data set is different road video with 
different kind of signs in daytime.  

Fig. 7 shows the error of tracking algorithm measured by the distance between the 
tracked location and the ground truth of the sign center. Prior to the experiment, we 
find the center coordinate of the signs on each frame manually and make the ground 
truth. In the figure x-axis represents the frame number and y-axis represents the dis-
tance between ground truths and results in pixels. Three different lines represent the 
three methods and two graphs shows the results for two different data sets.  

Motion information method calculates the center coordinate of the signs by multi-
plying the three-dimensional coordinate of the signs on the previous frame with the 
camera motion matrix. This method does not use the template matching. Results in 
Fig. 7 shows that when the signs are closer, the error will be higher when we use only 
the template matching because it is not considered the changes of the sign size on the 
frame. The average error is 6.073 pixels for the method which uses only the template 
matching, 4.410 pixels for the method which uses only the motion information and 
3.126 pixels for the proposed method. 

4 Conclusion 

With the experimental results we find that our proposed method has advantages in 
road sign detection and processing speed. Once a road sign is detected in a video 
frame, its 3-D position is calculated by using stereo matching. And the 2-D position 
of the sign in the next frame is calculated by the motion of the vehicle computed by 
the stereo vision method. Since we can measure the size of the sign using the 3-D 
information of the sign, accurate 2-D size of the sign is calculated. This gives better 
template matching and accurate sign detection. Although we apply a new tracking 
method for road sign detection, still there is a problem due to color variation among 
the video sequences. Currently there are about 15% signs are not detected due to color 
segmentation error, SVM recognition error and so on. In the future, we will continue 
to increase the detection rate.  
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