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Project’s goals 
Developing interactive system that will allow a plug&play type of mechanisms for 
image diffusion with built in input and output features for convenient production of 
results. Implementation of several classical diffusion techniques. The system has to 
be written in Matlab. “Plug&play type of mechanisms” means, no techniques for 
image processing will be hardcoded, but instead modules system will be used, thus 
allowing users to add additional image processing functions to the program. 
 
 
Introduction 
What is diffusion? 
Physics definition: diffusion is the net action of matter (particles or molecules), 
heat, momentum, or light whose end is to minimize a concentration gradient. 
In the image processing the different diffusion techniques are used for smoothing 
and edge detection. 
This is an example of what can be achieved by applying diffusion to image: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



Course of action 
1. Constructing general framework for the system – basic image manipulations. 
2. Adding the ability to process images. 
3. Adding the ability to work with different modules. 
4. Implementing two diffusion modules – Gaussian diffusion and Anisotropic 

Diffusion. 
 
 
Implementation 

1. First the graphical user interface for the system was constructed. It 
contains the image window, buttons for loading and saving images and 
buttons for enabling Zoom mode and Pan mode. The “Reset” button was 
added to return enlarged and/or panned image to its original size. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



Load Image – opens standard file-open dialog and allows the user to choose image 
file of following formats: BMP, JPG, PNG, GIF. After image is chosen, the 
program loads it to the image area. The image is enlarged/reduces to fit the image 
area of the program. The program is capable of loading and showing color images, 
but no processing of such images is supported. The only images that are fully 
supported are grayscale 8-bit images.  
 
Save Image – opens standard file-save dialog and allows the user to save the image 
currently displayed in following formats: BMP, JPG, PNG, GIF and EPS 
(PostScript). 
Note: when saving in EPS format, only the visible area of the image (if image was 
enlarged) is saved. This is due to some limitation of Matlab approach of printing to 
file. 
 
Zoom mode – when button is pressed, it enables Zoom mode. In this mode, the 
mouse pointer changes to little circle with the plus sign inside. 
Pointing the mouse on desired area and pressing the left mouse button, zooms in 
chosen region. To zoom the image out, we need to press right mouse button or 
alternatively press left mouse button while holding down the Alt key. 
Another way to zoom in or out is to use mouse wheel. When left mouse button is 
pressed, the user can drag the mouse – rectangular area is selected and when the 
mouse button is released, this area is enlarged 
To turn the zoom mode off, just press the Zoom button again. Enabling Zoom 
mode will disable Pan mode if it was previously enabled. 
Note: the right mouse button and mouse wheel are only operational if the version 
of Matlab used is 7.3.0(2006b) or greater. 
 
Pan mode – when button is pressed, it enables Pan mode. In this mode, the mouse 
pointer changes to little hand. Pressing the left mouse button and dragging the 
image will change the image area that is currently visible according to the drag 
direction. The Pan mode is useful when the image is enlarged and user wants to see 
another region of the image. Enabling Pan mode will disable Zoom mode if it was 
previously enabled. 
 
Reset – when the image is enlarged and/or panned, pressing the Reset button will 
change the image size/position to fit the image window. 
Note: pressing the Reset button will not change the currently enabled mode 
(normal/zoom/pan). 
 



2. Adding the modules panel 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The modules panel is added to the right side. 
 
This panel consists of several parts: 
 
Modules combo-box – list of diffusion modules found by program on the startup. 
The program searches  for modules files in program’s startup directory and loads 
every module it finds to the list. The empty space under the modules box is 
reserved for different module parameters and text fields for entering these 
parameters are added dynamically on module selection. 
 
Iterations – the number in this text field defines how many times should the 
diffusion function be applied to the image. By default this number is equal to 1. 
 
Save every – this parameter defines whether to save the intermediate results if the 
number of iterations is greater then 1. If the number in this text field is N, then 
every N iterations the result of the diffusion will be saved to a file. If N is greater 



then the number in the Iterations field – this parameter is ignored and no 
intermediate results are saved. 
 
Save format – this is combo-box that allows the user to choose the format of 
intermediate image saves. The formats are BMP, JPG, PNG, GIF. 
 
Save file – this text field defines the prefix of the file names of intermediate 
results. The names of these files are constructed as follows: 
[prefix]_diffused_by_module_[name_of_diffusion_module]_[iteration_number]. 
By default, if this field is left empty, the prefix is “image”. 
 
Reload – pressing this button discards any changes maid to the image. The image 
is reloaded and no changes are saved. 
 
Process – applies the selected diffusion module to the image, according to entered 
parameters. 
 
Work on visible area checkbox – if checked, the diffusion is applied only to the 
visible part of the image. To process only part of the image, select the desired part 
with zoom rectangle and check this box. 
 
 
3. Modules 
 
The meaning of being generic is to allow the user to add new diffusion modules to 
the program in the simplest way. The system allows to convert any diffusion 
function in the form of  Matlab’s m-file to a module, if it accepts image matrix as 
input, takes no more then 5 additional parameters and produces the output matrix 
with the same size. To create a module we first need to add prefix “mod_” to the 
function’s file name and to the function itself, also there are no spaces allowed in 
the m-file name. Use underscore symbol instead of space. On startup the program 
seeks all the files with this prefix and adds it to the available modules list. But this 
is not enough to convert the function to a module. We need to add 8 lines of 
specific comments to the beginning of the function and change (if needed) 
function’s signature. We change the signature as follows: 

Function has to accept the image matrix as first parameter and 5 additional 
numerical parameters. It doesn’t have to use all or any of these parameters, bat 
they have to be defined.   



Here is an example: 

function out = mod_diffusion_name(in_matrix,real_param_1,real_param_2,fake1,fake2,fake3) 
 
Here we have diffusion function with name “mod_diffusion_name”, 2 real parameters, 
that the function uses – “real_param_1” and “real_param_2”, and 3 additional 
parameters that are not used by the function – “fake1”,”fake2”,”fake3”. 
When we use specific modules, we not just need to enter the additional parameters 
for the module, but also we need to know the meaning of each parameter. So we 
have to find the way to define the parameters names in the module. Here we use 8 
special lines of comments: 
%-------------------------------------------- 
% params_number=3 
% param_name1=First_parameter_name default=1 
% param_name2=Second_parameter_name default=5.2 
% param_name3=Third_parameter_name default=10 
% param_name4=null default=0 
% param_name5=null default=0 
%-------------------------------------------- 
 
The first line is a separation line – it should not contain spaces. 
On the second line we define the number of parameters that the function uses: 
% params_number=[number_of_parameters]  
Third through seventh lines define the names of the parameters and default values 
that are used if the user doesn’t enters them: 
% param_name1=[name_of_the_parameter] default=[default_value] 
The name of the parameter should not contain spaces – use underscore instead. 
The default value should be integer or floating point number. 
If the parameter is not used – its name should be set to “null” and its default value 
should be set to “0”. 
The last line is exactly the same as the first line – just a separator. 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
When the module name is selected from the available modules list, the system 
parses the module’s file header and extracts needed information: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
We can see here that all the names that were entered with underscore are converted 
to normal names with spaces. 



And finally the whole program looks like this: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
4.  Diffusion modules 

Currently, there are 2 diffusion modules implemented and fully operational. 
 
The first one is Gaussian diffusion – used for smoothing the image. The 
algorithm is very simple. It uses convolution between image matrix and square 
kernel matrix. 
The size of the kernel and the values of each element is calculated according to 
parameters entered by user in the module’s panel. The user defines the size of 
the kernel and the value of Gaussian variance (sigma parameter). 
Each element of the kernel is calculated by following expression: 
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This diffusion method is very simple and fast, but it doesn’t preserve edges of 
objects in an image. 
 
The sample image with additive noise: 

 

    



And the same image after applying Gaussian diffusion: 
 

 
 
 
 
As we can see – the noise is gone, but the image looks blurred. 
Of cause we can get a better result, if we adjust the kernel size and the variance 
parameters. 
 
 
 

The second diffusion method implemented in the module is Anisotropic diffusion. 

The algorithm is based on the article “Scale-Space and Edge Detection Using 
Anisotropic Diffusion” written by Pietro Perona and Jitendra Malik in 1990. 
Perona and Malik formulate the anisotropic diffusion filter as a diffusion process 
that encourages intraregion smoothing while inhibiting interregion smoothing. 
They proposed two methods of anisotropic diffusion. Both methods are 
implemented in the module and user can choose each one of them. 
 



When the module is applied to the sample image, we get following results: 
 

 
 
 
We can see here that only the background is blurred – the edges of zebra’s lines are 
enhanced. 
 
 
 
Conclusion 
The goal of the project is achieved – we have fully functional framework with 
graphical user interface and plug&play modules for image manipulation and 
processing. The system architecture allows very simple addition of new diffusion 
modules or conversion of existing Matlab’s functions to the module’s format. 
Also two diffusion modules are implemented – Gaussian diffusion and Anisotropic 
diffusion (two methods of Perona and Malik). 
 
The system was tested on Windows platform (WinXP SP2 English) and requires 
Matlab version 7.3.0.267(R2006b), August 03, 2006 to operate correctly. 
                                                                                               
Date: 22/02/2007 
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• PDE-based Image Filtering - 
http://visl.technion.ac.il/~gilboa/PDE-based_image_filtering.html 

• P. Perona, J. Malik  "Scale-space and edge detection using anisotropic diffusion", PAMI 
12(7), pp. 629-639, 1990 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [720.000 540.000]
>> setpagedevice


