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Detection and Recognition of Multi-
language Traffic Sign Context by
Intelligent Driver Assistance System

Design of a new intelligent driver assistance system based on
traffic sign detection with Persian context is concerned in this
paper. The primary aim of this system is to increase the
precision of drivers in choosing their path with regard to traffic
signs. To achieve this goal, a new framework that implements
fuzzy logic was used to detect traffic signs in videos captured
along a highway from a vehicle. Implementing fuzzy logic in
smart systems increases its inference and intelligent capabilities
that results in better decision making in real-time conditions. In
order to detect road sign’s texts, the combination of Canny Edge
Detector Algorithms and Maximally Stable Extremal Regions
(MSER) is used. Regions of an image that vary in properties,
such as color or brightness, with respect to surrounding regions,
are detected with the help of MSER algorithm. By using a multi-
stage algorithm, Canny edge detector detects a wide range of
edges in the acquired images. In order to join the individual
characters for the final stage of detection of texts in traffic signs,
a morphological mask operator is used. Finally, the recognition
of the detected texts is carried out by employing MATLAB
Optical Character Recognition (OCR). The overall accuracy of
this new framework in detecting and recognizing texts is 90.6%.
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1 Introduction

One of the most important tasks of an advanced driver assistance system is automatic
detection and recognition of road sign’s text from video taken from the road. There have been
many works on the detection and recognition of road sign’s texts in the past few years [1-3].
However, automatic detection and recognition of the road signs from videos that are captured
from the road is concerned in this paper. The results of this research can be used in the design
of driver assistance systems. The writings on the road signs have important information for a
vehicle’s path in highways. Acquiring the information on the road signs by means of
detecting the text on it can raise the awareness of drivers about traffic situations to a great
context. Moreover, by adding it to a navigational system such as GPS, individuals can have
more efficient driving performance.
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Implementing voice assistants on this system can develop driver-system interaction [4], [5].
Road sign recognition systems usually consists of two characteristic phases [6], [7]. The first
phase usually uses image-processing algorithms to detect traffic signs in an image or a video
sequence. The second phase is the recognition of the information on these detected signs.
Common techniques have been developed in pattern recognition and computer vision to
detect scene text from still images. Using Hough-transform based method is arguably the
most common approach. Other popular approaches are based on simple template matching
and corner detection followed by reasoning. Studies using these approaches are proposed in
[8-10]. Using their prior knowledge of the problem (like the expected shape and color of a
traffic sign) some approaches implement learning machine method for traffic sign
recognition. An example of this approach is proposed in [11]. Several recent works are able to
detect scenes [12], [13] and as they reported, edge features can handle lighting and scale
variation better than scene images [14], which are often used in news videos for detecting
texts [15]. In this study, the edge-based features used for text detection are inspired by the
aforementioned works. A full perspective transformation model to detect three-dimensional
(3-D) deformed text from still images has been described by Myers et al. [16].

First step is Capturing video from the path in front of the vehicle. In order to help driver to be
able to manage the vehicle on the road ahead, the system should detect texts on traffic signs.
In Fig. (1-a to d) four examples of traffic signs are pictured.

There exists many challenges for such a system to detect texts on road signs. Firstly, low
resolution and environmental noise in video images can affect the results. Furthermore,
uncontrollability of weather and lighting conditions, the darkness of the path and sunlight
reflectivity all add up to the problem. With the introduction of a new framework in this study,
all the aforementioned issues have been addressed.

(© (d)

Figure (1- ato d) Some examples of road signs under different environmental situations. Notice the effect of
lighting conditions, weather and highlights on the signs.
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Figure 2 Design flowchart of the system

In the proposed framework, image preprocessing is consists of converting the RGB image to
HSV. Image noise removal is implemented for the constructed fuzzy image and road sign is
recognized and detected from the background by edge detecting algorithms. In the last phase,
feature extraction is used to detect the texts from the road signs. Evaluation of this method on
60 road signs has a result of average accuracy of 90.6% in detecting the road signs with
Persian context. On the plus side, text detection for other international languages is possible
with this new framework.

Organization of the contents of this paper is as follows: design of an intelligent driver
assistance system and a description of its framework is addressed in section (2), the test setup
and experimental results obtained by using the system in real-life conditions are presented in
section (3). Finally, section (4) concludes this paper.

2 Design of an Intelligent Driver Assistance system

Main steps in the design of this system can be summarized as follows: Design of the road sign
detector, detection of signs on images, text detection followed by text recognition. These steps
are pictured in the flowchart of Fig. (2).

2.1 Preprocessing

In order to increase the accuracy of the process, RGB image is being converted to HSV. The
difference in some features of HSV with respect to RGB makes it more appropriate to be used
in text detection algorithm [17]. Since lighting conditions only affect intensity in HSV,
lighting variations have no effect on the hue value to be processed. In addition, the
segmentation process must be implemented on 1D of color component in contrast to RGB’s
3D space, so the computational complexity and resources needed for color segmentation on
HSYV is less than RGB [18], [19].

2.2 Construction of Fuzzy Images

In fuzzy images, linguistic values present features of each picture such as color or lighting.
These verbal values that are allocated to each pixel can be types of white, pale green, yellow-
green, dark red and dark blue color. Fuzzy logic is used to transfer an image to fuzzy space.
An example of a color image and its fuzzy image counterpart is shown in Fig. (3); where R,
PR, PB, B, DB represent red, pale red, pale blue, blue, and dark blue respectively.

The colors that were used in this research were black, yellow, blue, green, and red. The white
color was used instead of the other colors. Inputs to fuzzy sets for each pixel includes three
characteristics of color, saturation, and value. The membership function of these
specifications is depicted in Fig. (4).
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Figure 3 The fuzzification of an image.
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Figure 4 Membership functions for inputs.

Image noise removal is essential for the constructed fuzzy image. In noise removal a
comparison between the color of each pixel and its eight neighbors id made to analyze the
necessary changes to central pixel. By using this algorithm, undesirable and diffused colored
pixels were corrected. As a result of this process, useful information of an image can be
destroyed. Therefore, detecting road signs from further distances is harder.

2. 3 Edge Detection and Labeling

In this step, pixels are classified into useful sets consisting homochromatic pixels and their
neighbors. To present the pixels of each set and to distinguish them, a specific code was
dedicated to each pixel showing their set number. This process is called labeling.

The fuzzy image used for this algorithm is shown in Fig. (5). The fuzzy image indicates the
verbal values related to each pixel that consists of red, blue, yellow, green, and black. After
the labeling process, edges of the initial image were extracted by using Sobel edge detection
algorithm [20]. Afterward, the edge pixels were removed from the fuzzy image.

The direction of investigating pixels in the labeling process was from top to bottom and from
left to right. A new label was not used for a pixel if the color of the pixel is white or it was
labeled before. Otherwise, it was considered as the starting point for labeling and a new label
was declared for it. Afterward, the inputs of the fuzzy logic system, the labeled pixel, and its
four neighbors were used. Neighbors of the labeled pixel that had the same color as the
labeled pixel were labeled as a member of the set and were saved thereafter. Labeling process
has the fuzzy rules as stated below:

If P(x+1,y) == P(x,y) Then save P(x+1,y) as label pixel
If P(x,y+1) == P(x,y) Then save P(x,y+1) as label pixel
If P(x-1,y) == P(x,y) Then save P(x-1,y) as label pixel

If P(x,y-1) == P(x,y) Then save P(x,y-1) as label pixel
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Figure 6 Noise removal and edge detecting process of an image containing road signs.

These steps were repeated for all the pixels in the set. Finally, this process analyzes all pixels
one by one and gets back to the starting point. There is a low probability that a very large or
small set of pixels contains useful information about road signs, so it will be eliminated due to
the definition of thresholds. This decrease in the number of labels results a higher
computational speed in the following processes. Up until this point, all the processes were
done on images were about the color specification of road signs. Moreover, road signs have
different colors and geometrical shapes and in urban environments, these two characteristics
rarely come together. At this point, the location of the road signs in the image was detected by
finding the parts of the image that have the same color. Interconnected parts in an image are
usually representing a special shape. An example of edge detection and noise removal is
presented in Fig. (6).

2.4 Invariant features

Extracting object features in an image is a way of object detection [21]. Features are
properties and parts that uniquely represent the target object. Since features of objects in an
image such as size, color, intensity, and angle are ever-changing, feature selection should be
in a way that they could be detected under various circumstances. In general, features are
classified into two types: global and local [22]. Local features describe special parts on an
object. Each pixel of an image and other pixels in that near vicinity introduce special
specification. Usually, desired features are selected from parts of the image that have different
specifications. Structure, color, and intensity are common specifications of an image. Small
parts, edges, and points of the image are assumed as local features. Afterward, measurement
of the main part that is assumed as a local feature was accomplished and the related modifiers
were created and can be implemented in a variety of applications. The global feature is a
model in which entire parts of an image can be seen in a moment. Histogram of an image is
an example of a global feature. Global feature applications have acceptable performance
within low color variation images in image retrieval and object detection. Users paid more
attention to all combinations of the considered images because of this property. The downside
of using global features is the inability to detect foreground from background regions.
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Figure 7 Detection of a sign in the capture.

Also it cannot combine their information. Therefore, it is a challenge to detect highly detailed
or partially blocked images. Limitations of global features can be eliminated by dividing
images into several parts so that each of them represents a part or an object of it. Partitioning
of an image can proved to be challenging since it needs high perception of the image.

These drawbacks of global features and image partitioning can be eliminated by using a
method named “Sample Features”. In this method, global features are extracted from
comprehensive examples of different parts of an image in different sizes and positions.
Sliding window was also used in this method. Various applications of sampled features
consist of specific sets of objects, for example, vehicles or pedestrians, or special objects.

Sample features use sample parts and search for resemblances to model samples. However,
this method cannot be used to detect items that are parts of a blocked object. The result of
detecting a road sign in the capture can be seen in Fig. (7). The three algorithms used in the
process of text detection consist of MSER algorithm, Edge detection, and Stroke Width
Transportation.

2.5 MSER Algorithm

MSER algorithm detects specifications of a text such as distinguished letters. In order to
detect this specification, various algorithms were developed. Distinguished letters refer to the
points in an image with specific geometrical shape and penumbra feature. In addition, these
points have the highest continuity in an image. This algorithm works by finding a set of
distinguished regions inside a gray space. Extremal regions are extracted by MSER algorithm
in the gray-scale image. One of the methods used in text detection is Maximally Stable
Extremal Regions. MSER extracts some covariant regions in the image. The word extremal in
MSER refers to pixels that have different intensity in comparison to other pixels [23].

The image | is a mapping I : D c Z? - S. Under these conditions extremal regions can be
well-defined on images:

1- S is completely ordered i.e. antisymmetric, reflexive, and transitive binary relation < exists.
Extremal regions can be defined on S=R (real-valued images), but in this paper S =
{0,1, ...,255} was considered.

2- A c D x D is defined as an adjacency (neighborhood) relation. Four neighborhoods were
used in this study, i.e. p,q € D are adjacent (pAq) iff Y&, |p; — q;| < 1.

Region Q is a contiguous subset of D, i.e. for each p,q € Q there exists a sequence
,aq,0y, ..., Ay, q and pAa,, a;Aa;q, a,Aq .
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Region Boundary dQ = {q € D\Q:3p € Q: qAp}, i.c the boundary dQ of Q is the set of all
pixels being in the immediate neighborhood of at least one pixel of Q but not belonging to Q.
Extremal Region Q c D is a region such that for all p€Q,q€dQ: I(p) <I(q)
(minimum intensity region) or I(p) > I(q) (maximum intensity region).

Maximally Stable Extremal Region (MSER). Assuming Q; ..., Q;_1, Q;, ...Q1, ... to be a
sequence of nested extremal regions i.e. Q; € Q;;;. Extremal region Q;, is maximally stable
iff (i) = |Q;+a\Qi_al/|Q;| has a local minimum at i *(|. | denotes cardinality). A€ S is a
parameter in this method. In Fig. (8) the effect of MSER is evident.

2.6 Canny Edge Detector Algorithm

By using Canny edge detector, a wide range of edges can be detected in images. Canny edge
detection is used to acquire key information from objects in an image and to reduce
computational complexity by means of removing background data. This technique can also be
used to get useful information from an image of a traffic sign and to reduce the computational
complexity of texts. The effect of Canny edge detector can be seen in Fig. (9). The
intersection between Canny edge detector and MSER algorithm for detecting texts is shown
in Fig. (10).

2.7 Stroke Width Transform

The Stroke Width Transform or SWT is a local image operator that for each pixel calculates
the width of the most probable stroke containing that pixel. As shown in Fig. (11), the output
image of SWT is equal in size compared to the input image where each element has the width
of the stroke as a contiguous part of the image that creates a band of approximately constant
width. As can be seen in Fig. (12), after completing the detection of various characters in the
image, these characters are joined together to display the text in the road sign by using
morphological mask. As shown in Fig. (13 a to c), the text in the road signs is displayed by
using a box for each continuous region.

Hemm: : Exp.
[Aekim Exp.

Figure 10 The intersection between Canny Edge
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Figure 11 Stroke Width Transform of the image. Figure 12 Morphological Mask.
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Figure 13 ato c Text Boxes.
3 Eigen decomposition of Images for detection of words

Firstly, pre-determined words that are investigated in this study were saved in the database.
This system saves the maximum singular value of each textbox in order to use them for
detecting texts during the processing of traffic signs. For this purpose, each detected word is
transformed into gray-scale, then Canny algorithm was used to detect edges. Afterward,
eigenvalues are obtained by Eigen decomposition of the matrix with tolerance limit of 0.1 for
detecting the existing words. Eigen decomposition of the matrices is described as follows.

The matrix A,,x, With rank k can be decomposed as follows:

A=UyVT

Where U,xm = [Uq ... Uy] and Viun = [v1 ... v,] are orthogonal matrices. Columns of
U,xm contain orthonormal eigenvectors of AAT and columns of V., contain orthonormal
eigenvectors of ATA and Z,,5,, is a diagonal matrix that its main diagonal entries are non-zero
singular values of AAT or ATA .

Ymxn = diag(al, ...,ap) ,  p = min{m,n}
0'120-22"'20']{20 ) O_k+1="‘=0'p=0

Here 0; and gy, are biggest and smallest non-zero singular value of A respectively.
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4 Discussion and Results

To accomplish the required experiments, the system was mounted on a vehicle as shown in
Fig. (14). This system was designed to study the real-life performance of the algorithm in
urban environments. The results of the process on captured images is shown in Fig. (15).

This study was completed at the Advanced Vehicle Control Systems Laboratory.

The accuracy is defined as the percentage of correctly detected road signs. System
performance is evaluated on 60 traffic signs with Persian context. All the mentioned steps are
performed on each road image and the results of the automatic detection are presented in
Table (1). As each image has a different percentage of accuracy, the average of all results is
calculated. The results show that the average accuracy of the designed algorithm is the
acceptable value of 90.6%.

(a) (b) (©)

ﬂ ’ S- K = l
Telo Road
Lashgarak

(d) (e) ®

Figure 15 a to f Results of the real-time process of the captured images.
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Table 1 Results of the automatic detection performed on 60 Iranian road signs.

Percentage of Accuracy: Percentage of Accuracy: Percentage of
below of 50% between 50%-100% Accuracy :100%
4 12 44

5 Conclusion

As stated before, the aim of this study was to design an intelligent driver assistant system for
detecting road signs. This system can assist drivers to obtain more information from road
signs so that they could have more time-efficient trips. This purpose was satisfied by
designing a new framework. Firstly, road signs were detected by applying fuzzy logic to
images, thereafter, by using a combination of Canny edge detector and MSER algorithms, the
texts in the road signs were detected. Then, by using the morphological mask algorithm, each
continuous object was assigned a box. Finally, by using MATLAB’s Optical Character
Recognition, the detected texts were recognized. The experimental results show that this new
framework has a promising performance in real-life situations and can be used to enhance
traffic management and also shorten the trip time by a great amount.

Our proposed method works on rectangular signs. In future, we will work on the all shaped
traffic sign context detection and the comparison of proposed system and neural networks to
find the best technique for recognition of traffic sign.
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