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Abstract. In this paper a comprehensive approach to traffic sign detection and recognition is proposed. An
RGB roadside image is acquired. Color filtering and segmentation is used to detect the boundary of traffic
sign in binary mode. At the feature extraction stage, the RGB traffic sign region is cropped. The image is
resized to 100x100 pixels. Finally, particle swarm optimization is used to identify the traffic sign.
Experimental results show that our system can give a high recognition rate for all types of traffic signs used
in Thailand: namely, prohibitory signs (red or blue), general warning signs (yellow) and construction area
warning signs (amber).
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1. Introduction

Traffic signs carry essential information for drivers. They define prohibitions, give warnings, etc.
Ignoring the presence of such signs can lead drivers into dangerous situations or even accidents. Automatic
road sign detection and recognition systems can be used both to warn drivers in these situations and supply
additional environmental information [1]. With the development of autonomous Driver Support Systems
(DSS) [2], automatic detection and classification of traffic signs is becoming increasingly important.

For the traffic sign detection stage, a common approach is to first define the acceptable appearance of
signs and the geometrical relationships between their parts with respect to color and shape [3]-[7] and then to
use this information to identify the region of the roadside image that could contain a traffic sign. Approaches
to traffic sign detection which rely on color images are usually based on RGB color space. RGB color space
requires no transformation; or only a very simple one. However, it requires more sophisticated segmentation
algorithms than other color modes, since the boundary between colors is fuzzier [10]. Different approaches
have been used for different stages of the detection problem, such as color segmentation, control theory and
feature extraction.

For the traffic sign recognition stage, a pixel-based approach is often used and the class of a detected
sign might be determined by cross-correlation template matching [7] or neural networks [3]. In [8], [9] a
different strategy was developed based on the idea of representing a candidate sign as a set of similarities to
stored prototype images.

In this paper we present an algorithm for detecting a traffic sign in a roadside image based on color
filtering. Color segmentation is adopted to extract the inner features of a traffic sign. Further, we apply
Particle Swarm Optimization (PSO) to classify the traffic sign in the recognition stage. MATLAB programs
have been developed to implement all stages of the traffic sign recognition system.
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This paper is organized as follows: Section 2 gives an overview of the proposed system. In section 3,
concepts of traffic sign detection by using an RGB pixel relevance model and color filtering are discussed.
Section 4 describes a color segmentation method for extracting inner information from a traffic sign. Section
5 presents an application of PSO to traffic sign recognition. Section 6 shows experimental results of our
methods for traffic sign detection and recognition from roadside images. Section 7 gives a discussion and
conclusions.

2. Overview of Proposed System

Traffic signs provide important information for drivers about road condition and hazards. Their shapes
and colors are selected by traffic authorities to make them easily recognizable by humans. In Thailand,
traffic signs are divided into three main classes: prohibitory signs (red and blue signs), general warning signs
(yellow signs), and warning signs at construction areas (amber signs). Examples of traffic signs in Thailand
are shown in Table 1.

Fig 1. shows an overview of the proposed traffic sign recognition system. The main stages of our
implementation are: color filtering, color segmentation and traffic sign detection, feature extraction, traffic
sign recognition by PSO. We describe each step in detail in the following sections.

3. Traffic Sign Detection

The RGB color roadside image is input to the traffic sign detection and recognition system. Red, green
and blue values for each pixel are captured. RGB values for each pixel are shown in Table 2.

Color filtering and segmentation technique are applied to define location of traffic sign in original road
side image. Red, blue, yellow and amber filtering are performed on the image. Then RGB color is
transformed to binary mode and color segmentation is applied in order to find the contour of the traffic sign.
After that, the size of sign is checked to see if it is a traffic sign. If its size is too small or if it is not a traffic
sign, then the image will be discarded. Therefore, traffic sign is detected by this process.

TABLE 2. RGB VALUES FOR EACH COLOR IN TRAFFIC SIGN

Color RGB Value

R G B
Black 0 0 0
Blue 0 0 255
Red 255 0 0
Yellow 255 255 0
Amber 150 70 0
White 255 255 255




4. Feature Extraction

In this stage, an RGB image of the traffic sign is cropped and resized to 100 x 100 pixels in order to
match with images in a standard test library containing: 33 red signs, 19 blue signs, 53 yellow signs and 24
amber signs. Fig. 2 shows examples of yellow signs in the standard test library of the recognition system.

5. Traffic Sign Recognition

PSO is a simple but powerful optimization algorithm introduced by Kennedy and Eberhart [10]. In the
last decade PSO algorithms have been developed and successfully applied to many problems in image
analysis. In fact, image analysis tasks can often be reformulated as the optimization of an objective function.

PSO searches for the optimum of a fitness function, following rules inspired by the behavior of flocks of
birds in search of food. A population of particles move within the fitness function domain (usually termed
their search space), sampling the function in the points corresponding to their position. This means that, after
each particle’s move, the fitness computed at its new position is evaluated. In their motion, particles preserve
part of their velocity, while undergoing two attraction forces: the first one, called cognitive attraction, attracts
a particle towards the best position it has visited so far, while the second one, called social attraction, pulls
the particle towards the best position found up to that time by the whole swarm [1]. A flow chart of PSO
algorithm is shown in Fig 3.

In this paper, we apply PSO for the traffic sign recognition stage. The mechanism of PSO is a simulation
of the behavior of living as a group. The individuals in the population will adjust themselves in the best
position for the group and at the same time they try to adjust themselves to the best position among members
of the population.

Our PSO implementation has been subdivided into the following three kernels.

Position update: A computation grid, divided into a number of blocks of threads, updates the position of
all particles. Each block updates the data of one particle, while each thread in a thread block updates one
element of the position and velocity arrays of the particles. In the beginning, the particle’s current position,
personal best position, velocity and local best information are loaded.

1) Fitness evaluation: This kernel is scheduled as a computation grid composed by one block for each
particle being simulated. Each block comprises a number of threads equal to the total number of points that
describe a sign so that the projection of all points on the current image is performed in parallel. The thread
index determines to which set the projected point under consideration belongs. Finally the fitness value is
computed. Then similarity is assessed in parallel.

2) Best update: Each thread loads in shared memory both the current and the best fitness values of its
corresponding particle. The best fitness value is found by computing the best fitness of each particle’s
neighborhood, comparing it to the best value found so far, and then updating it, when necessary.
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The swarm size of the PSO is denoted by s . Each particle has the following attributes: a current position
x; in the search space, a current velocity v; and a personal best position p; in the search space. During each
iteration, each particle in the swarm is updated using (1) and (2);
Viep =TV; +Cqly(Pr — X)) + Carz(Pg — X5) 0
The new position of a particle is calculated using
Xit1 = Xi T Vsl )

The variable @ is the inertia weight, this value is typically set to vary linearly from O to 1 during the
course of a training run. The variables ¢, and c, are acceleration coefficients, which can control how far a
particle will move in a single iteration. The variables r; and r, are two random numbers in the range (0,1).
The variable p, is the global best position found by all particles. The velocity v; of each particle can be
clamped to the range [-Vmax, Vmax] to reduce the likelihood of particles leaving the search space.

If the swarm size s is too large, the cost time will be increased. If the swarm size s is too small, the
recognition rate will be low, although the cost time will be short. For our experiments, the swarm size s was
40, the inertia weight @ was 1.0, the acceleration coefficients ¢; and ¢, were 1.5 and the iterative time was
500. A fitness function was applied to compute distance for fitness value and find similarity of features for
each particle. We show in section 6 that the recognition results can be achieved at a high recognition rate.

6. Experimental Results

25 roadside images were used to verify the traffic sign recognition system by PSO before testing. The
following figures show an example of the processes of traffic sign detection and recognition of a sign in the
yellow group; Fig. 4 shows the input roadside image in RGB color space, Fig 5. shows the binary color
segmentation at traffic sign detection stage, Fig 6. shows the image cropping in RGB mode and Fig. 7 shows
the output from the traffic sign recognition by PSO.
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Fig. 4: Input image in RGB mode Fig. 5: Color segmentation Fig. 6: Cropping Fig. 7: Output
A group of roadside images were used for testing. All roadside images for testing were detected at a
physical distance from the camera of approximately 10-30 meters. The testing results are shown in Table 3.
It can be seen that the system can detect and recognize traffic signs with high correct recognition rate.

TABLE 3. TEST RESULT OF TRAFFIC SIGN RECOGNITION TABLE 4. TEST RESULT OF PROCESSING TIME

Test Results Processing Time (Seconds)
Type of sign | Number of |  Number Percentage Stages I?ed B.lue Ye.llow Arftber Average
inputs Correct Correct Signs | Signs | Signs Signs
Red 36 35 97 Image Reading 0.082 | 0.080 | 0.076 | 0.078 0.079
Blue 27 26 926 Color Filtering 0.252 | 0.250 | 0.247 | 0.246 0.249
Color Segmentation
Yellow 50 47 94 and Dete%tion 0.937 | 0.932 | 0.924 | 0.943 0.934
Amber 23 22 96 Feature Extraction 0.232 | 0.231 | 0.234 | 0.226 | 0.231

Recognition by PSO 0.316 | 0.301 | 0.325 0.313 0.314

Total 1.819 | 1.794 | 1.806 1.806 1.806

The majority of detection failures were caused by insufficient contrast between a sign’s boundary and the
background, especially for a sign in shade. In a few cases this low contrast was caused by the dye on the sign.



Table 4 shows processing time for each stage of traffic sign recognition system. We achieve a mean
processing time of 1.806 seconds for traffic sign recognition system on a 3.1-GHz Intel Core i5, where the
frame dimensions are 720 x 576 pixels. By inspecting the obtained results, the system approximately
required 0.079s at image reading stage, 0.249s at color filtering stage, 0.934s at color segmentation and
detection stage, 0.231s at feature extraction stage and 0.314s at recognition stage by PSO. The total
processing time for all stages of the system is around 1.806 seconds. It is clear that the proposed traffic sign
recognition system not only employ low computation time but also perform classification efficiently.

7. Conclusion

In this paper, an algorithm for traffic sign detection and recognition is proposed based on color filtering,
color segmentation and PSO. Color filtering and color segmentation is used to detect the boundary of a
traffic sign from a roadside image. PSO is used to recognize a traffic sign from its extracted features.
Experiments have been carried out on original roadside images and show that the algorithm can successfully
detect and recognize all types of traffic signs used in Thailand: namely, prohibitory signs (red or blue),
general warning signs (yellow) and construction area warning signs (amber). The size of the template
database used in our experiment is significantly greater than those reported previously in Thailand.

Future work will mainly focus on improving the efficiency of the traffic sign detection stage in order to
reduce the overall processing time of the system. We will also apply ontology-based knowledge in order to
improve traffic sign recognition, guide image interpretation and contain more detailed description of
recommendation information for driver assistance system.

8. Acknowledgements

Financial assistance for Thongchai Surinwarangkoon was provided by a scholarship from Suan
Sunandha Rajabhat University, Bangkok, Thailand.

9. References

[17 L. Mussi, S. Cagnoni, E. Cardarelli, F. Daolio, P. Medici, and P. P. Porta. GUI Implementation of a Road Sign
Detector based on Particle Swarm Optimization. Springer: Evol. Intel. 2010, 3: 155-169.

[2] M. P. Sesmero, J. M. Alonso-Weber, G. Gutierrez, A. Ledezma, and A. Sanchis. Specialized Ensemble of
Classifiers for Traffic Sign Recognition. Proc. of Computational and Ambient Intelligence: 9" International Work-
Conference on Artificial Neural Networks (IWANN 07). 2007, pp. 733-740.

[3] A.delaEscalera, L. E. Moreno, M. A. Salichs, and J. M. Armingol. Road Traffic Sign Detection and
Classification. [EEE Trans. on Industrial Electronics. 1997, 44 (6): 848-859.

[4] C.-Y.Fang, S.-W. Chen, and C.-S. Fuh. Road-sign Detection and Tracking. /[EEE Trans. on Vehicular Technology.
2003, 52: 1329-1341.

[5] G. Loy, N. Barnes, D. Shaw, and A. Robles-Kelly. Regular Polygon Detection. Proc. of The 10" IEEE Int. Conf.
on Computer Vision. 2005, pp. 778-785.

[6] P. Paclik, J. Novovicova, P. Pudil, and P. Somol. Road Sign Classification Using the Laplace Kernel Classifier.
Pattern Recognition Letters. 2000, 21 (13-14): 1165-1173.

[71 G. Piccioli, E. D. Micheli, P. Parodi, and M. Campani. A Robust Method for Road Sign Detection and
Recognition. Image and Vision Computing. 1996, 14 (3): 209-223.

[8] P.Paclik, J. Novovicova, and R. P. W. Durin. Building Road-sign Classifiers Using a Trainable Similarity
Measure. IEEE Trans. on Intelligent Transportation Systems. 2006, 7 (3): 309-321.

[9] A.Ruta, Y. Li, and X. Liu. Towards Real-time Traffic Sign Recognition by Class-specific Discriminative Features.
Proc. of the 18" British Machine Vision Conference. 2007, pp. 399-408.

[10] J. Kennedy, and R. Eberhart. Particle Swarm Optimization. Proc. of IEEE International Conference on Neural
Networks. New York. 1995, pp. 1942-1948.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.01)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


