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Rank algorithms propose good solutions for image smoothing and impulse noise 
removing. In our previous work on the subject we have proposed methods for fast 
computations of εV and KNV neighborhood average based on multiscale histograms. In 
this paper a new method for multiscale histograms fast updating is described and 
analyzed. Performance comparisons of the combined methods with fastest known 
median filtering algorithm are given. We have achieved the processing speed for εV and 
KNV neighborhood average algorithms only a few times slowly than the fastest known 
median filtering algorithm. 

 

Introduction 

Rank algorithms [5] do not blur the edges of 
objects and are well suitable for the impulse 
noise suppression. But currently only median 
filtering is frequently used, as the most quickly 
and easily implemented algorithm. Methods 
for calculating of εV or KNV neighborhood 
average were used seldom due to their 
computational complexity. In [3] new 
approaches for fast rank algorithms based on 
multiscale histograms were proposed. But the 
multiscale histograms updating and summation 
algorithms were based on the classical [1] 
Huang method. In this paper a new approach 
for histogram construction and updating is 
proposed.  
Our new method is based on column 
histograms which were considered in [2]. We 
adopted this approach for multiscale 
histograms maintaining. Thus using [3] the 
resultant algorithm is applicable not only for 
median filtering, but also for fast εV and KNV 
neighborhood average calculating. The 
columns summation is performed only for 
those histogram's detail levels and entries 
which are required by the rank algorithm and 

only immediately when required. We 
remember when each histogram entry was 
updated and when need to update it for the 
next time we start from the saved position. In 
[2] such approach was applied to the whole 
coarse level histogram (16 entries) and 
required to update 16-entries fine level block. 
I.e. updating is performed totally for 32 
histogram entries. In our approach we update 
no more than 8 entries for median, 16 for εV 
and 32 (not the same as for [2]) for KNV 
algorithms from all detail levels.  

KNV and εV neighborhood definitions 

Let us remind some useful definitions. Let the 
current or central pixel is v0 and let there is a 
neighbourhood of pixel v0 containing N pixels. 
The rank series {v(r)} is a one-dimensional 
sequence of N pixels of such neighborhood 
whose elements are sorted in an ascending 
order with the respect to their values: {v(r): 
v(r) ≤ v(r+1), r=0,1..N-1}. Pixel v rank R is the 
position of the element in the rank series.  
Definition 1. εV neighborhood is a subset of 
pixels {v(r)} whose values deviate from the 
value of the central pixel v0 at most by 
predetermined quantities -ε and +ε, r = 0..N-1: 
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It should be noted that averaging by εV 
neighborhood can be treated as a simplified 
bilateral filter [4] where bilateral filter parts 
depending both on distance and on pixel 
brightness are represented by rectangular 
functions instead of Gaussians. 
Definition 2. KNV-neighborhood is a subset of 
a specified number K of pixels {v(r)} whose 
values are nearest to the value of the central 
pixel v0: 
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Multiscale histograms 

Multiscale histogram (Fig. 1) is a set of usual 
histograms, which are connected with each 
other in a special way. The number of levels is 
Lmax=log2(Imax+1), where Imax is the image’s 
maximum intensity.  
 

 
Fig. 1. Multiscale histogram. 

 
The most detailed level (Lmax) is the usual 
histogram where each element corresponds to 
one intensity value. Each upper (Li) level’s 
capacity is two times decreased and every 
element is the sum and the total amount of two 
corresponding elements on level Li+1. In other 
words every element of higher level includes 
two corresponding elements of lower level. 
The L0 level contains the total sum of 
intensities and the total number of elements in 
the neighborhood. 
 

Histogram lazy updating 
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The classical Huang [1] approach for sliding 
window histogram updating includes 2r+1 
operations of addition and of subtraction per 

pixel (where r is the sliding window radius). In 
terms of multiscale histograms that means  
(2r+1)·log2(Imax+1) operations per pixel where 
Imax is number of image colors. For an image 
of 256 grades of gray color it will be 8·(2r+1) 
operations per pixel. The main problem of this 
method is that the complexity of updating a 
histogram increases with the radius of the 
neighborhood and equals O(2r+1).  
The main idea of our lazy algorithm is based 
on histogram updating approach from [2]. Let 
w is the image width. In [2] it is proposed to 
maintain w histograms simultaneously – one 
per each column of the image and one 
additional kernel histogram for a sliding 
window. At the beginning first r+1 elements of 
the rows are added to the corresponding 
histogram. Then during the sliding window 
movement through the image, the kernel 
histogram updating process includes Imax+1 
operations of addition and Imax+1 operations of 
subtraction per pixel. Column histograms are 
updated only with 1 addition and 1 subtraction 
per pixel (see Figure 2). From 2nd to the last 
pixel in a row we need to add one pixel below 
and to subtract the top pixel of the nearest 
right to the sliding window column histogram. 
For the first pixel we need to update all the 
first r+1 column histograms simultaneously. 
 

 
a) b) 

Fig. 2. a) – Huang’s algorithm, n pixels must be added 
to and subtracted from the kernel’s histogram on each 
step; b) – ctmf’s column histogram updating method, 1 
pixel must be added to and subtracted from the 
corresponding column histogram on each step. 
 
It should be noted that our [3] algorithm for 
fast calculation of the εV and KNV 
neighborhood average requires access to no 
more than 2·log2(Imax+1) and 4·log2(Imax+1) 
elements of the kernel histogram per pixel. 
And for finding an arbitrary element in a rank 
series this number equals to log2(Imax+1). The 



new lazy histogram processing approach takes 
into account the fact that not all elements of 
the kernel multiscale histogram are involved in 
current algorithm’s calculations. So we 
propose to sum up only those elements of 
histograms, whose values are required for 
processing the current pixel.  
Most images consist from areas with 
insignificantly varying colors. That means that 
elements of coarse levels of multiscale 
histogram will not differ very much while 
monotonous area processing. For each row it is 
proposed to save the number of the column, in 
which this histogram element was updated for 
the last time. If the area is rather monotonous, 
this approach can noticeably increase the 
processing time making only 1 addition and 1 
subtraction on the upper coarse levels of 
multiscale histogram because these levels 
change insignificantly on homogeneous areas. 
In case when the difference between the 
number of current column and the number of 
column with last update is grater then r, the 
algorithm performs the summation of all 2r +1 
histograms elements. The first element of each 
row is also handled that way. So the total 
number of operations is less than 2·(Imax+1) 
histogram entries summations and subtractions 
per pixel. We perform the same operations for 
each pixel of the image, but only for the values 
that are needed at the moment. The 
computations whose results will not be used 
are never fulfilled. Thus, the computation time 
can not be larger than O(Imax+1) which is a 
constant relative to window radius, but in 
practice it is much faster. 
The following algorithm is proposed:  
 
Algorithm. Lazy kernel histogram updating: 
computation of the element that is required at 
the moment. 
Input: L  – number of the histogram level for 
the required element; 
h – multiscale histograms vector; 
h[i].col – last updated column  number; 
r – the sliding window radius; 
val – the intensity of the required element; 
elem – the required histogram element; 
elem.col – the current column number; 
Output: element(elem,h,val,L,r); 
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1: if ((elem.col - hL[val].col) > r) then 
2:     for(i := val-r; i < val+r; i++) do 
3:          elem := elem +hL[i]; 
4:     end for; 
5:     hL[val].col := elem.col; 
6:     hL[val] := elem; 
7: else 
8:     elem := hL[val]; 
9:     for(i := 1; i < (elem.col - hL[val].col);     
i++) do 
10:        elem := elem + hL[val+r-i]; 
11:        elem := elem - hL[val-r-i]; 
12:   end for; 
13: end if; 
14: The required element sum and number of 
      pixels are calculated. 
 
The process can be useful not only for rank 
algorithms implementation, but for any 
application that involves histogram 
maintaining and updating process. 

 
 

Fig. 3. a) – timings in seconds for a 375x486 pixels 
image; b) - execution time per megapixel for images of 
1000 pixels height and different width, filter radius = 7. 
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Radius and image size dependences 

New algorithms were compared with constant 
time median filtering (ctmf) algorithm [2], 
which implements time-saving column 
histogram updating method. Timing was 
conducted on Core i-7 2600K, 3.40GHz, 
Windows 7.  
Fig. 3a shows the dependency between the 
calculation time and the radius of the sliding 
window. The proposed algorithm for search of 
an arbitrary element in a rank series has the 
same radius dependency as ctmf, εV and KNV 
neighborhood average with lazy histogram 
updating methods’ times grow 2 and 4 times 
faster, but the new approach still performs 
better than updating the histograms by 
Huang’s method.  
Fig. 3b shows execution time per megapixel in 
dependency of image width. The plot shows 
that the greater width of the image is the more 
efficient proposed algorithms behave 
themselves. This result is explained by the 
huge amount of already counted and stored 
multiscale histogram elements while moving 
the sliding window on the row of the image. 
The step on the graph is a consequence of the 
fact that from a certain image width column 
histogram set do not fit into processor’s cache. 
However, it should be noted that for large 
image width this value is constant too. The 
plot for ctmf [2] algorithm don’t have step 
because this algorithm use smaller histogram 
structure and step occurs at larger image 
width. On the other hand KNV algorithm [3] 
requires triple sized histogram that’s why step 
appears 3 times earlier in the plot. It is 
interesting to note, that the step for KNV 
algorithm is more gently sloping. Probably this 
is due to the fact that two additional side 
histograms for KNV algorithm are used not so 
intensive as main center histogram and in 
average are not used in whole. This results that 
side parts of histograms are cashed partially 
and with low priority and effect of cash 
overflow appears later then it can be expected.  

Time statistics 

Numerical comparison of proposed algorithms 
with [3] and [2] is presented in Table 1. 

Table 1. Comparison of the proposed, fast 
rank algorithms [3] and ctmf [2] methods’ 

efficiency. Image size 375x486 
radius r = 2 r = 12 r =37 r = 62 

Fast rank algorithms [3] + Huang’s 
histogram updating [1] 

εV 0.579 2.555 7.236 11.625 
KNV 0.581 2.605 7.318 11.713 

Fast rank algorithms [3] + proposed lazy 
histogram updating method 

εV 0.357 0.492 0.674 0.781 
KNV 0.314 0.63 0.541 0.565 

Constant time median filtering [2] 
ctmf 0.196 0.198 0.198 0.201 

 

Conclusion 

New fast method for multiscale histogram 
updating and summation is proposed. The 
method is based on lazy histogram updating. 
Computation times in dependence of image 
width and sliding window radius were 
analyzed during numerical experiments. It was 
shown that the processing speeds for εV and 
KNV neighborhood average algorithms are 
only a few times slower than times for the 
fastest known median filtering algorithm. The 
proposed approach is based on multiscale 
histograms and its lazy updating allows fast 
implementation of wide variety of rank 
algorithms.  

References 

1. T. Huang, G. Yang, G. Tang. A Fast Two-
Dimensional Median Filtering Algorithm // IEEE 
Trans. Acoust., Speech, Signal Processing, - 1979, 
- Vol. 27, No. 1, - P. 13–18. 

2. S. Perreault, P. Hebert. Median Filtering in Constant 
Time // IEEE Transactions on Image Processing, 
- 2007, - Vol. 16, - P. 2389-2394. 

3. M.V. Storozhilova, D.V. Yurin. Fast Rank 
Algorithms Based on Multiscale Histograms // In: 
21-th International Conference on Computer 
Graphics GraphiCon'2011. Moscow, Russia, - 2011, 
- P. 132 -135. 

4. C. Tomasi, R. Manduchi. Bilateral Filtering for Gray 
and Color Images // Proceedings of the IEEE Sixth 
International Conference on Computer Vision 
(ICCV'98), January 1998, - P. 839-846. 

5. L.P. Yaroslavsky, V. Kim. Rank Algorithms for 
Picture Processing, Computer Vision // Graphics and 
Image Processing, - 1986, - Vol. 35, - P. 234-258. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


