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Abstract. For improving the effect and efficiency of image enhancement, an improved version of 
median filter for binary fingerprint image is realized. First, the times of compare during ordering 
process is reduced by the divide-and-conquer method. In addition, it makes the best use of direction 
of fingerprint and builds some reasonable template, which reduces the complexity of algorithm and 
increases the processing speed. 

Introduction 

To attribute to some noise, the low quality fingerprint image is caused in accessing and 
transferring. Therefore, for improving the efficiency of fingerprint identification, it is necessary to 
fingerprint preprocess before the characteristics of the extraction and matching. There are many filter 
algorithms used to image enhancement. The median filter is simple in structure and easy in 
implementation and gains confidence. 

The Conditional Median Filter Algorithm 

Median filter[1] is one of the order of the filter. The value of one point in the digital images or 
figures sequence is the value of the point whose neighborhood consists of the other median points’ 
value: 
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ijy  is the median filter output by ijx  centered, A is a filter window. Median filter algorithm is an 
essentially a sort algorithm and the process follows. Firstly, select a (2n+1)×(2n+1) filter window 
which is slides from left to right, top to bottom along the image data rows and columns in the 
direction. Secondly, it substitutes median value for the centre gray value of pixels in window after 
each slide.  

The Improved Median Filter Algorithm 

Improvement of Divide-and-conquer method.  
Divide-and-conquer method[2] divides the larger problem into several smaller problems, and the 

solution is merged by the smaller solutions. Median filter algorithm is designed to quickly find the 
grey value, such as divide-and-conquer method sorts each row elements first. Then each column 
elements is compared, and the final result can effectively reduce the compare times[3]. It can instead 
of bubble algorithm which need much work to sort filter window.  

Improved algorithm is as follows:  
 Firstly, sort each row elements and get the maximum, median, and minimum value;  
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 Secondly, comparing the three groups of data, the result is the minimum value of the smallest 
value among the three maximum values, and the median value is the median value among the three 
median values, and the maximum value is the biggest value among the three minimum values.  

For example, a 3×3 window, bubble algorithm requires more than 30 times before it can eventually 
result in divide-and-conquer method needs only 21 times.  

Oriented weight improvement.  
Because of the direction of the fingerprint ridge lines, median filter algorithm make the outputs are 

the same to the each points of window, and lead to breaking and adhere of the fingerprints. It is 
necessary to base on edge directional information if you want to pay attention to the each point of the 
ridge lines, which is to utilize the direction of fingerprint ridge lines to guide the median filter 
algorithm which is the oriented weight median filter algorithm. The algorithm divides window into 
four categories: 00, 450, 900, 1350, which is based on the different direction of the ridge lines. The 
direction of the ridge lines is based on its direction of the rotating weight value.  

 
Fig. 1 Window of weights 

We introduce the concepts of the fuzzy theory[4] method, adopting the 3×3 widow of weights in 
figure 1. When set of the weight value to be fuzzy, the closer direction of the ridge lines in the current 
window, the bigger the weight value. 

The weight values are chosen as follows. A θ is the direction of the fingerprint ridge lines, 0<θ<π, 
each bracket in the express is the value range of θ.  
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Fig. 2 Window of oriented weight 

According to the rules, we can get four windows of oriented weight in the figure 2, and choose the 
corresponding window based on the direction of the ridge lines, after such filtering as the fingerprint 
ridge lines will be more coherent and better.  

Results and analysis 

As the table 1 shows, we have been implemented the improved median filter algorithm in 
MATLAB, and the speed becomes fast obviously.  

Table 1 Contrast of two algorithms 
Algorithm Count of 

Experiment 
Average of 
Exchange 

Average of 
Time 

Accuracy 
Rate 

not 
Improved 

100 18723490.2 1.836 95% 

Improved 100 264952.3 0.087 94.3% 

As the figure 3 shows, the experimental results more accurate and ocular, the original image in 
figure 3-1, the filtered image in figure 3-2, the improved image in figure 3-3.   
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In this paper, a new algorithm is supposed, which mainly contains the following two aspects. 
Firstly, divide-and-conquer method reduces the compare times in the sorting process to improve the 
speed of an algorithm. Secondly, oriented weight is directional information in the filter expressions, 
which will eliminate the holes, breachs, and knobs of ridge lines, and clear and smooth after filtered 
fingerprint image. At the same time, the improved algorithm utilize the direction of the fingerprint 
ridge lines and the fuzzy theory to construct the median filter algorithm, which is simple to give a 
correct result in time and to improve the anti-interference ability. Therefore, the algorithm is an ideal 
improvement fingerprint image method.  
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Fig. 3-1 Original 
image 

Fig. 3-2 filtered 
image 

Fig. 3-3 
improved image 

 
 

0256

2nd International Conference on Electronic & Mechanical Engineering and Information Technology (EMEIT-2012)

Published by Atlantis Press, Paris, France. 
© the authors



<<
  /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 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /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
  ]
  /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 "Required"  settings for PDF Specification 4.01)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [1275.591 878.740]
>> setpagedevice




