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Abstract - The purpose of this research is development of an 
algorithm for hardware implementation for number recognition 
applying in speed traffic-sign recognition system for car driving 
assistant. We recognize the speed limit of the speed traffic-sign 
using hardware oriented extraction algorithm. The numbers are 
recognized by comparing their feature values with the 
recognized features. The proposed hardware oriented number 
recognition algorithm achieves almost 100 % in recognition rate 
in 31 scenes in highways and 23 scenes in local roads. 
 
 

I. Introduction 
 

The traffic sign recognition would be very important in the 
future vehicle active safety system [1]. The most important 
information is provided in the driver s visual field by the road 
signs, which are designed to assist the drivers in terms of 
destination navigation and safe. The most important of a car 
assistant system is to improve the driver s safety and comfort. 
Detecting the traffic signs can be used in warning the drivers 
about current traffic situation, dangerous crossing, and 
children path. An assistant system with speed limitation 
recognition ability can inform the drivers about the change in 
speed limit as well as notify them if they drive at over speed. 
Hence, the driver s cognitive tasks can be reduced and safe 
driving is supported. However, meeting real-time 
performance for such a system is still a big challenge 
research, especially in compact hardware size. Our research 
targets to a smart and compact high performance speed 
traffic-signs recognition system on low resources Xilinx 
Zynq 7000 platform [2]. 

In general, our research aims to white line recognition, 
pedestrian recognition, vehicles recognition, and sign 
recognition system implemented on hardware for real time 
performance. As one of functions, the number recognition 
implementation on hardware for identifying the speed limit of 
a sign is proposed in this paper. In this algorithm, number 
recognition of speed traffic-signs is performed using feature 
quantity suitable for hardware processing. It aims to 100 % of 
the recognition rate.  

The outline of the proposed system for speed traffic-sign 
recognition is shown in section II. The simple and smart 
feature quantity extraction algorithm for Number Recognition 
are shown in section III. The results of simulations are shown 

in section IV. The discussion and conclusions are shown in 
section V and VI. 

 

 
 

Fig. 1. Eight-bit gray scale image (640x390 pixels).  
 

 
 
Fig. 2. Binary image (640x390 pixels). 

 
 

Fig. 3. Traffic-signs detected by the Sign Detection. 
(15x15 ~ 50x50 pixels) 
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II. System Outline 
 
 

A. Flow Chart of this System 
 
Fig. 4 shows the flow chart for the limited-speed 

recognition system, which recognize the limited-speed from a 
gray scale image. 
 

 
 
Fig. 4. Flow chart of this system. 
 
1. Input Image. 

Input of our system is 8 bit gray-scale image of 640x390 
pixels as shown in Fig. 1. 

2. Image Conversion. 
The 8 bit gray-scale image is converted into binary 
image as shown in Fig. 2. This conversion also applies a 
sign enhancement filter to increase features of the sign. 

3. Sign Detection. 
Speed traffic-sign areas are searched in the 8 bit 
gray-scale image by our Rectangle Pattern Matching 
algorithm [3]. Areas, which are detected as traffic-signs, 
are defined as SW (Scan Window) as shown in Fig. 3. 
Overview of the Sign Detection  is shown in Fig. 5. 

4. Number Recognition 
The number recognition is used to define the number 
located inside the sign candidates areas. This module 
analyzes the binary image in Fig. 3 to find the limit 
speed. This paper emphasizes to explain about the 
Number Recognition. Overview of the Number 
Recognition  is shown in Fig. 5. The examples of a 
"Speed-signs" and "Not speed-signs" are shown in Fig. 
6.  

5. Output Limited-speed. 
The recognized limit speed is given to the assistant 
system to notify the drivers if necessary This system 
notifies drivers with Limited-speed. 
 

 
 
Fig. 5. Overview of Sign Detection and Number Recognition. 

 

 
 

Fig. 6. The example of "Speed traffic-signs" and "Not Speed 
traffic-signs." 

 
   

B. Outline of Number Recognition  
 

The Number Recognition module extracts the feature 
quantity of the SW and compares it with the standard 
quantity of various numbers 0 ~ 9  to find the match for 
recognition. It has 3 steps below. 
 
1. Narrowing Search area from SW. 

The SW area (detected sign area) is narrowed down to 
search area, where the numbers are located, befor  
analyzing to detect the features of numbers inside. 

2. Extracting the feature quantity from the number. 
Those features are explained in section III. B ~ E. 

3. Determining Limited-speed. 
By comparing the feature quantity extracted from the 
search area with the standard features of numbers, 
limited-speed is determined.  
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III. Algorithm and Feature Set for Number Recognition 
 

The input image in Number Recognition are  binary 
images with the size in a range from 15x15 to 50x50 pixels. 
 
 
A. Narrowing the Number Search Area form SW 

 
The search area is narrowed down from the sign size to the 

size of the number as shown in Fig.7. (a). The number 
features of the search area is then extracted. SW size is 
defined as S pixels.  Size of the search area relies on the 
size of the SW as shown in Fig. 7. (b). The max size of search 
area is 27 pixels when the SW size is 50x50 (max SW size). 

 
 
Fig. 7. Definition of search area in SW. 
 

The original search area is extended to 4 other derivative 
areas by shifting the original to the left, right, up and down as 
shown in Fig. 8. The number successfully recognized among 
those 5 search areas is defined as the speed. 
 

 
 
Fig. 8. Five derivative search areas created from the original 
search area by shifting. 
 
 
B. Feature in continuity of black and white pixels 
 

There are common features of 0  number, in which the 
middle of number 0  has continual white pixels and the two 
vertical edges of 0  has continual black pixels. Middle of 
the number is analysis for continual black and white pixels. If 

the features are meet, the number is 0  as shown in Fig. 9. 
Since all the speed traffic-sign in Japan, ended with 0,  a 
sign candidate is considered as speed traffic-sign if the above 
features of 0  number are meet at the right side of the search 
area. 
 

 
 
Fig. 9. Black line and white line feature of number 0 . 

 
 

C. Feature in Existence of the Vertical White Line in Blocks 
 

If each number is divided into four blocks as shown in Fig. 
10, existent and location of the white lines can be used as 
feature for the numbers recognition. 

However, with this feature quantity only, when there are 
many noises (like the number "7" of Fig. 10) available, a 
number may be unable to be recognized correctly. 

 

 
 
Fig. 10. Vertical white line feature of numbers. 
 
 
D. Feature in Histogram of the Number 

 

 
 

Fig. 11. Histogram of the numbers on the speed traffic-signs. 
 
Histogram of the sign candidate area is calculated in 

vertical and horizontal axes and divided into 7 blocks with 
overlapped as shown in Fig. 12. and Fig. 13. Quantity of the 
maximum and minimum of the histogram in each block are 
used for number recognition. 

Two flags are used for the maximum of histogram in each 
block. The first one will be set if the maximum histogram get 
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over 70 % of the high (H) or width (W) of the number area. 
The other will be set if the maximum of histogram in a block 
is over 50 % but smaller than 70 % of H or W. Example 
about locations of maximum in histogram of a number is 
shown in the Fig. 12. 

Similarly, the minimum of the histogram of blocks VI and 
VII are also a feature for number recognition. 

 

 
 
Fig. 12. Maximum of histogram of every block. 
 

 
 
Fig. 13. Minimum of histogram of every block. 
 
 
E. Feature in Rate of Black Pixels on the Search Area 
 

TABLE I shows the rate of black pixel in different 
numbers. It can be used in number recognition. If the rate of 
black pixels in the search matches the condition in TABLE I, 
the search area can be considered as speed traffic-sign. 

 
TABLE I 

The rate of the black pixel in search area. 
 

Number Judgment conditions 
0 Less than 66 % 
1 Less than 40 % 
2 Less than 46 % 
3 Less than 43 % 
4 Less than 50 % 
5 Less than 54 % 
6 Less than 48 % 
7 Less than 44 % 
8 Less than 61 % 

F. Number Recognition Using Histogram and Existant of 
White Line Features Quantity 

 
Fig. 14 shows the histogram feature quantity and existant 

of white line feature of numbers 0, 4, 5 and 8. The features 
extracted from the search area are compared with the 
standard features in Fig. 14 to find the match. By that, the 
speed number is recognized. 
 

 
 
Fig. 14. Standard features quantity of four numbers. 
 
 

IV. Simulation Result 
 

A scene consists several frames, in which the same speed 
traffic-sign appears on them. The Recognition_rate of speed 
traffic-sign is defined in equation (1), and is computed on 
each scene. #All_SW  is number of traffic-sign detected by 
Sign Detection and #Correct_SW  is number of traffic-sign 
correctly recognized for limited-speed. Recognition_rate of 
one scene in local road and highway are shown in Fig. 16 and 
Fig. 18, respectively. The SW size (size of a sign) of the 
scene  in the local roads and in highways are shown in Fig. 
15 and Fig. 17.  

 

(1)100   [%] 
All_SW#

Correct_SW#n_rateRecognitio  
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A. Result of Simulation at a Local Road 
 

 
Frame number : 3,  SW size : 16 pixel. 

 
Frame number : 7,  SW size : 25 pixel. 

 
Frame number : 13,  SW size : 40 pixel. 

 
Fig. 15. Result of Sign Detection at a local road. 

 

 
Fig. 16. Recognition_rate per frame of scene at the local 
road. 

B. Result of Simulation at a Highway 
 

 
Frame number : 8,  SW size : 18 pixel. 

 
Frame number : 10,  SW size : 26 pixel. 

 
Frame number : 13,  SW size : 39 pixel. 

 
Fig. 17. Result of Sign Detection at a highway. 

 

 
 
Fig. 18. Recognition_rate per frame of scene at the highway. 
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C. Summary of the Results of Simulations 
 
When the camera gets closer to the sign, the size of speed 

traffic-sign become bigger and the Recognition_rate increase 
and gets 100 %. This occurs to all the scene of daytime, and 
so, the Recognition_rate for all the scene in daytime is almost 
100 %. Table II shows the classification of speed traffic-sign 
of all the scenes used for the simulation. 1st lane means the 
car runs on the lane next to the sign. 2nd lane means that the 
car is at the farther lane with the speed traffic-sign. In other 
words, speed traffic-sign recognition in 2nd lane is more 
difficult than in 1st lane. 

I will explain result of simulation at a local road shown in 
section IV as an example of the dependability of 
Recognition_rate on the size of the SW. A. The speed 
traffic-sign (SW size: 16 pixel) can be detected by the Sign 
Detection module at frame number 3. However, the 
Recognition_rate at the Number Recognition module is 0 % 
(unsuccessful) due to the small number of pixels in the search 
area (8x8). When the size of the speed traffic-sign becomes 
bigger (SW size: 25 pixel) at frame number 7, the size of the 
search area increases to (13x13), and the Recognition_rate 
becomes 100 % (successful). 
 

TABLE II 
The classification of the speed sign in all scenes. 

 

Speed 
Traffic-Sign 

[km/h] 

Scenes 
Highways Local loads 
1st  

lane 
2nd  

lane 
1st  

lane 
2nd  

lane 
40 3 1 3  
50 3 1 12 6 
60 7 1 2  
80 10 5   

TOTAL 31 23 
 
 

V. Discussion 
 

 
 
Fig. 18. Overview of number recognition module, which scan 
image only one time for decision. 

 
The number recognition algorithm shown in section III is 

one time image scanning. As shown in Fig. 18, by scanning 
one line of the search area at one clock from the top to the 
bottom, the Number Recognition module extracts the feature 

quantity shown in section III (Histogram, White line and Rate 
of black pixels), and generates the result.  Since the 1 pixel 
in SW is 1 bit, max of the number in bit of one SW line is 27 
bits. For this reason, using 32 bit Block-RAM in the 
Zinq-7000, one line scanning at one clock is possible. The 
Number Recognition algorithm is realized by adders only, 
and so, it is suitable for hardware implementation. 
 
 

VI. Conclusions 
 

The hardware oriented algorithm on number recognition 
for speed traffic-sign identification has been developed. The 
simulation result shows that the proposed algorithm achieves 
almost 100 % in recognition rate with 31 scene in highways 
and 23 scenes in local roads in daytime. 

 
 

Acknowledgements 
 

Part of this work was supported by Grant-in-Aid for 
Scientific. Research(C) JSPS KAKENHI Grant Number 
23560400. 

 
 

References 
 
[1] M. Kato, Present situation and feture prospects of ITS , 

Denso Technical Review, vol.6, No.1, 10-17, 2001. (in 
Japanese) 

[2] http://www.xilinx.com/products/silicon-devices/soc/zynq
-7000/index.htm, 2013-06-15. 

[3] A-T. Hoang, et al., Compact pipeline hardware 
architecture for pattern matching on realtime traffic signs 
detection , The 18th Workshop on Synthesis And System 
Integration of Mixed Information technologies (SASIMI 
2013). 

[4] S. Shimizu, et al., An implementation of road sign 
recognition algorithm using levenshtein distance on 
FPGA , Technical report of ieice, 13 - 19, 2008-09-18. 
(in Japanese) 

[5] Y. Ishiduka, et al., The institute of electronics, Technical 
report of ieice, pattern ninshiki media rikai 103 (737), 
13-18, 2004-03-11. (in Japanese) 

[6] Y. Kohashi, et al., Automatic recognition of road signs 
-in bad lighting enviromnment -,  Technical report of 
ieice, 57 - 62, 2004-02. (in Japanese) 

[7] D.Comaniciu and P.Meer. Mean shift : A robust 
approach toward feature space analysis , IEEE Trans. On 
Pattern Analysis and Machine Intelligence, 
PAMI-14(5):603-619, 2002. 

[8] P. M Ozcelik, et al., A template-based approach for 
real-time speed-limit-sign recognition on an embedded 
system using GPU computing , Proceedings of the 32nd 
DAGM conference on Pattern recognition, pp. 162-171, 
2010. 

- 200 -



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /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 150
  /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 150
  /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 1200
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /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.)
    /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 "Required"  settings for PDF Specification 4.0)
    /JPN <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


