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Shape Matching and Color Segmentation Based Traffic Sign
Detection System

Abstract. An automatic traffic sign detection system detects traffic signs from within images captured by an imaging sensor, and assists the driver to
properly operate the vehicle. The idea presented here is through pixel value detection for hazard traffic signs containing red color background,
computing in range regions and finally shape matching to choose the most appropriate traffic sign candidates to be drawn on the screen. The
experimental result showed that, by comparing with the similar color segmentation based techniques, the proposed system has a higher accuracy of
traffic sign detection rate with a lower computational time.

Streszczenie. W artykule opisano system automatycznego rozpoznawania znakéw drogowych na podstawie sygnafu czujnika obrazu. System
rozpoznaje znaki na czerwonym tle, dopasowuje odpowiedni znak i wy$wietla go na ekranie. Automatyczny system rozpoznawania znakoéw
drogowych bazujacy na dopasowaniu ksztattu i segmentacji koloru.
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Introduction

As the transportation system develops, the people give
more attention to the safety issues of driving. For that
reason the topic, automatic Traffic Sign Detection (TSD)
system is becoming more popular among the researchers in
recent years. It achieves one important application for
advance driver assistance systems (ADAS). The traffic
signs give us important information about the o way traffic
for guiding the vehicle while moving in the street. In an
adverse ftraffic condition, driver may not notice traffic signs
may cause accident and that time traffic sign recognition
(TSR) system come into action. Thus, the TSR system
makes the driving safer and easier.

Developing a TSR system is a tedious job as the traffic
sign is keep changing. There are some important issues
such as; lighting condition differs according to the time of
the day, season, cloudiness and other weather condition,
etc. Blurring effect and fading of traffic signs are other
challenging factors affecting the traffic sign detection.
Multiple traffic sign appearing at a time and similar shape of
man-made object also cause problem. Partial occultation
and damaged traffic sign is also causing problem during
detection. In addition, a fast algorithm is compulsory to run
in the real time environment.

According to [1], the first work on automated traffic sign
detection was reported in 1984. Since then, a number of
different methods have been introduced for traffic sign
recognition system. In [2], RGB colour segmentation and
Laplacian of Gaussian (LoG) edge detector are used to
assemble the red pixels. In [3], RGB colour is converted to
HSV colour space to quantize into specific colours. Those
colours are then projected in various axes which detects the
position of traffic signs. Genetic Algorithm (GA) was used in
[4]. To isolate character of a particular shape within an
image Hough Transformation method can be used [5].
Space Vector matching and AdaBoost technique is now
commonly used for detection and classification of traffic
signs [6]. The Nearest Neighbour Classification is a
straightforward type of classification process [7]. Most well
known and useful method of recognition process is Neural
Networks (NN) [8]. Our main vision is to detect the red
traffic signs by reducing the processing time and increasing
the accuracy using the combination of colour segmentation,
shape matching and region detector techniques.

Methods and systems

The main idea is to use colour characteristic of the
preferred object to speed up the procedure without
employing model-based classifiers which take more
processing time [9-11]. After filtering and analyzing the
features of detected object, the candidates of traffic sign are
selected based on the shape matching. The overall
structure of proposed method for TSR is shown in Fig.1.
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Fig.1. Structure of the proposed traffic sign detection method

In the proposed system, the input image is divided into
three different channels R, G and B. A particular threshold
level is applied to the test image and it is segmented in
three different types, red colour segmentation, green colour
segmentation and blue colour segmentation. The logical
sum of these three channels can extract the desired region
of interest (ROI). A Median filter is applied to smooth the
image and to fill up the unexpected area. By defining a
particular pixel value and above this value all the pixels of
the test image are being filled up. After smoothing, based
on longest width, centre and area the particular ROI is
selected and marked. After applying this shape matching
technique the desired traffic sign is detected. The overall
block diagram of the system is shown in Fig. 2.
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Fig.2. The overall block diagram of the system

RGB Colour Segmentation

The input image is in RGB, therefore it is divided into
three channels R, G and B separately. RGB space is
asymmetrical to colour perception. The variation of
perception between two particular points of colour is
unequal to the variation between them. Correlating
particular colour in R, G and B honestly is the main
difficulty.

B Segmentation area
A ofthreshold T
(0,0,255)
0 — (255,0,0) R
X,y >
G
& (0,255,0) (255,255,0)

Fig.3. RGB colour space Segmentation

RGB colour space is considered as a vector field of R, G
and B components where every point is resembles as a
colour eigenvector of three-dimensional space. If P1= (Ry,
Gs, B1) and P= (Rz, Gz, Bz) are two random non-zero

colour eigenvectors and the angle between them is 8, then
dot product of these two is:

(1) P1.P2=|| Py ” P2" cosd
Coordinate equation is:
(2) P1.P;=R/R2 + G1G2 + BB

Coordinate equation for vector modules are:

(3) |P:]l = VR + G+ B
(4) | P2||= VR + G + B

Bringing equation (2), (3) and (4) into (1) and transform,

RiR; + G,G, + B;B,

(5) cos (6) = VRZ+ G+ BAVR + G + B

From the RGB colour space feature, we come to know
that, the greater the angle & of any two eigenvector means
the greater in chroma difference causes less colour
similarity between the two images. In our approach, on
each channel threshold filters are applied to select just
those regions of the image where values of the pixels are in
the range of our target object. For example for traffic signs
with red background (such as stop sign), the threshold for
channel R is pixels with values in the range of 90-255 and
for channels G and B is 0-70. The region of interest (ROI) is
actually the logical sum of the three filtered channels of R,
G and B is shown in Fig.4.

(a) | (b)

Fig.4. Colour processing for traffic sign detection: (a) Input image,
(b) R channel after threshold, (c) G channel after threshold, (d) B
channel after threshold and (e) Logical sum of three channels.

The image histogram of three channels R, G and B are
given below:
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Fig.5. Image Histogram after thresholding of (a) R channel (b) G
channel and (c) B channel.

In Fig.5, for particular threshold value, the image
segmentation is applied and these are the image histogram.
Here in (a), for particular range threshold level started from
X= 90 to X= 255 the Red channel defined and within the
range for the red colour of traffic sign, the highest value in Y
axis was found. So, somewhere within this ROI, the traffic
sign is situated. Similarly in (b) and (c) for a defined range
which is X= 0 to X= 70, we got a desired ROI.

Objects Features Analysing

One of the important steps is to eliminate noise from
image therefore it would be easier to deal with ROI.
Appropriate filters have an enormous effect on accuracy
and speed of the procedure without deleting any useful
information. In the proposed system Median filter was used
to make the image smoother and according to the expected
area of traffic signs, any smaller regions would be filled. The
amount area range for road sign determines the distance
which system could detect the traffic sign. Out of this area
range, objects with the same range of pixels value cannot
be traffic signs. In this level some crucial information which
are centre, area and longest width of each region are
calculated. This information is used to decide whether or
not each region is traffic sign. In Fig.6, the output of this
level is shown.

Fig.6. ROI after filtering and smoothing

Shape Matching and Candidate Selection
As almost all traffic signs are round or square, the
proposed method used from this fact to detect hypothetical

shapes which are close enough to ftraffic signs. Those
regions with k in the range of 0.7-1.3 are accepted as
candidates for traffic signs.

a

X w2
Where a is the area of the region, w is the longest width.

The final selected candidates that have in range pixel
value, area and shape are drawn on the image by using
extracted data (centre and area) of each of them. Fig.7. are
showed the detection steps and the detected traffic sign.

Bt

Fig.7. Final detection: (a) a traffic sign (b) closed curve obtaln by
colour thresholding (c after filtering and smoothing the candidate
(d) detected ROI after shape matching and candidate selection.

(d)

Result and discussions
To perform the proposed system on the image,
Windows XP with Intel (R) Core (TM) 2 CPU 2.13 GHz and
1.97 GB of RAM was used. The system was developed by
image processing toolbox of MATLAB R2007a using three
methods, the colour segmentation, shape matching and
region detection. In the Figure 1 the red colour of the traffic
sign has been identified and segmented to white. In Figure
2 the probable place of finding the traffic sign has been
identified after filtering and smoothing and in Figure 4 the
resultant image of detected traffic sign was found.
We classify our result in 4 sections.
e False Positive Rate (FPR: The sign is not detected
correctly.
e False Negative Rate (FNR): The sign is detected
as a non-sign region.
e True Positive Rate (TPR): The sign is correctly
detected.
e True Negative Rate (TNR): A non-sign region is
correctly recognized as a non-sign region.
The detection performance of matching step is given in
contingency matrix in Table 1.

Table 1. Contingency matrix of our sign detection method.

Total

TP=105 FP=0 105
FN=18 TN=227 245
123 227 350

According to this data, the calculated sensitivity and
specifity values are as follows:

. Sensitivity: (TP FN) =% 83.4
. Specificity: (TN Fp) =% 100
. (TP+TN)  _
o ACCUracy. m— % 94.85

The results of our detected traffic sign in various lighting
condition is given below in Fig.8.
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Fig.8. Results in varlant I|ght|ng condltlon (a), (b) and (c) TPR.

The image histograms of R, G and B of image (b) are
given below:
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Flg 9. Image Hlstogram of (b): (a) Red channel (b) Green channel
(c) Blue channel.

By comparing the image histogram of Fig.5 and Fig. 9,
we can seen that, from the particular threshold level, the
probability of finding the traffic sign is highest if the the imge
is completely illuminated by those reasons which are
explained earlier. Within the range of that threshold value,
the highest value of the Y axis was found and this is the
desired detected traffic sign.

Fig.10. Results in variant lighting condition: (a), (b) and (c) TNR.

The image histogram of (a) is given below:
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Fig.11. Image Histogram of (a): (a) Red channel, (b) Green
channel, (c) Blue channel.
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From Fig.11, we can see that, there is no particular
region of traffic sign is found in that particular threshold
level which is defined earlier. In our tests, several problems
affected the detection performance. Variant lighting
conditions, occultation and illumination of traffic signs are
the main reasons. The false negative rates are shown in
Fig.12.

Fig.12. Example of False Negative Rate (FNR)

The result shows that it can segment the red colour of
the traffic sign which is unswervingly illuminated by the sun.
This is happened because of the property of the colour
segmentation using RGB model involves comparing the
RGB values. In our system, we improve our computational
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time. And it is around 0.25s which is much less than the
other methods. It is found that the traffic sign detection
performance efficiency is 94.85%. A comparison of previous
studies in detecting the traffic sign is given in Table 2.

Table 2. Results of some previous studies

DETECTION
STUDY ggggg?fe'gG ;}E)RFORMANCE
0

Gao et al. (2002) 0.475 89

Miura et al. (2000) 0.500 47

Alefs et al. (2007) 0.420 90

Ruta et al. (2010) Not mentioned 92.90
Proposed Method 0.250 94.85

In [9], CIECAM97 is used to extract the traffic sign
region and edge orientation histogram matching is used in
[10]. In [11], color, local and global shape features and
learning methods include local invariants statistical
descriptors including color variation and wavelets are used
for traffic sign detection and recognition. In [12], particular
color enhancement technique is used and then specific
edge maps are extracted by simple filters to detect the
traffic signs. Then color distance transform is used to verify
the candidates. The detection performance in [12] is 92.9%,
which is quite high. Our proposed method has a higher
detection rate and it is around 94.85%.

Conclusion

A robust system for traffic sign detection by combining
three methods, color segmentation, region detection and
shape matching is presented here. This system identifies
traffic signs in different lighting condition and maybe
somewhat distorted. Fast processing time is another key
feature of this system. The evaluation of the system showed
a promising performance. Currently in our proposed
system, there are some deficiencies like ignoring other
traffic sign except the sign containing red color and partial
occlusion of traffic sign with other objects and partially
illuminated traffic signs. These complexities for detecting
the traffic sign will reduce in the future.
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