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Start fusion!

17.1.20011 13:52:06 ==> |teration 3 components: 8 / B4
17.1.2001 135206 ==» Analyzing image no. 1

1712011 135208 ==>  [diff. 14.073651251778)
17.1.2001 135208 == Analysing image no. 2

17.1.2011 135210 ==>  [diff: 15.2255495455039)
17.1.2011 13:52:10 ==> Iteration 4 components: 16 / 256,
17.1.2011 135210 ==> Analysing image no. 1

1712011 12852171 == [dift 10.0147762475938)
17.1.2001 135211 == Analyzing image no. 2

17.1.2011 135213 == [diff: 11,2434911364484)
17.1.2001 13:52:13 ==> lteration 5 components: 32 / 1024,
17.1.2011 13:52:13 ==> Analyzing image no. 1

17.1.2011 135215 == [diff: 5,12503855107038)
17.1.2001 135215 == Analyzing image no. 2

17.1.2011 135216 == [diff: 6.2662913396831)
17.1.2001 135216 ==> |teration & components: 64 / 4036
17.1.2011 13:52:16 ==> Analyzing image no. 1

1712011 135218 ==  [diff: 2.58123988774382)
17.1.2001 125218 == Analyzing image no. 2

1712011 135220 ==>  [diff 3.41837142306342)
17.1.2001 135220 ==> Iteration 7 components: 128 / 16384,
17.1.2011 13:52:20 ==> Analyzing image no. 1

17.1.2011 135221 ==>  [diff. 1,635877282470142)
17.1.2011 13:52:21 == Analysing image no. 2

1712011 128223 == [difft: 2.04929714696507)
17.1.2001 13:52:23 == Calculating final eror ...

Stop fusion | Emtreshald: |08 Stark K:

[ Werbose

1] Maxk: 1000 (%] Exp: v] [] sGRT

5.0 {C} Tupe:

[[rermory uzed: 42 172,00 MB])

[[memory uzed: 42 188,00 MB])

[[memony uzed: 41 108,00 MEB])

[(memory used: 37 376,00 MB])

[[memory used: 42 288,00 MB])

[(memory used: 42 300,00 ME])
17.1.2001 13:52:23 ==» Searching for the greatest component [abs] -
17.1.2001 13:52:23 ==> Searching for the greatest component [abs] -
17.1.2001 13:52:23 ==> Searching for the greatest component [abs] -
17.1.2001 13:52:23 ==» Searching for the greatest component [abs] -
17.1.2001 13:52:23 ==» Searching for the greatest component [abs) -
17.1.2001 13:52:23 ==» Searching for the greatest component [abs) -
17.1.2001 13:52:23 ==» Searching for the greatest component [abs) -

iteration: 0 [[memory used: 42 308,00 MB])
iteration: 1 [[memory used: 42 308,00 MB])
iteration: 2 [[memory used: 42 308,00 MB])
iteration: 3 [[memory used: 42 308,00 MEB))
iteration: 4 ([memory used: 42 308,00 MB))
iteration: 5 ([memory used: 42 308,00 MB))
iteration: & [[memory used: 42 308,00 MB])
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1 FUZ - fuzzy image fusion

FUZ - fuzzy image fusion application uses fuzzy transform  described in
[ http://irafm.osu.cz/en/c94 image-processing/ ] to fuse images in the result image. It is based on

properties of fuzzy transform in the locations where the source image changes and the behavior of
created components for those locations. A more detailed explanation about the image fusion process
and examples can be found on [ http://irafm.osu.cz/en/c120 image-fusion/ and
http://irafm.osu.cz/en/c95 image-fusion-tool-fuz/ ] page and its references.

The application takes the set of selected images and settings as an input and generates resulting
image containing best parts of each image fused together.

2 Installation

The application is a packet with an installer, which will install all required additional prerequisites to
run the software. When necessary, internet connection is required to download requirements.

The current version of the application requires:

» Microsoft Windows XP (or higher)
» Microsoft .NET Framework 2.0 (or higher)

You will probably need administrator privileges to execute the installer.

To install the application, execute the archive and execute “setup.exe” file contained in the archive.
Then follow the instructions. Installer will automatically download and install all required missing
items.

3 FUZ application

FUZ application is executed by “FUZClient.exe” file located in the target installation folder or start-
menu, if this option was selected during installation.

The main application window contains a tab browser with four main tabs:

> Source — this tab contains definition of source images;

Process — this tab contains information about fusion process or other important info;
Result — this tab contains result image (if fusion has been successfully done);

About — this tab shows information about the application.

Y V V

Description of the tabs follows.

3.1 Source tab

This tab is used to define a set of source images.


http://irafm.osu.cz/en/c94_image-processing/
http://irafm.osu.cz/en/c120_image-fusion/
http://irafm.osu.cz/en/c95_image-fusion-tool-fuz/

[ FUZ - Fuzzy Image Fusion = X

Source IPtocess | Result | About... |

Sowcefles. S— SRR
[ C:\Documents and Setting igliDokumentyiObrazky\FUZAFUZTES T FuzeT est\MensitSY400054.JPG
| C:\Documents and Settings'Marek Y ajal\D okumenty\Obrézky\FUZ\FUZTES TAFuze T est\Mensi\SV400055.JPG

It consists of a list of the selected image files, three buttons and image area, where the currently
highlighted image of the list is shown.

All images contained in the list of images are used as an input for the image fusion. A new image can
be added by pressing “Add” button. The highlighted image can be removed from the list by pressing
the “Remove” button. All images can be removed by pressing the “Clear” button.

Only BMP or JPG files can be opened by FUZ application. If necessary, other tools can be used to
convert an image from other formats.

All input images should be aimed at the same position in the space, with the same zoom and other
attributes — only the zoom distance may change. Otherwise the result is unexpected and may contain
defects.

3.1.1 Processtab

Process tab defines all settings for the fusion algorithm execution. Settings are inserted into controls
on the top part of the tab. After that, fusion can be started by pressing the Start fusion! button. The
fusion can be interrupted by pressing the Stop fusion button.
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Result | About...

Source || Process

- [] Yerbose
Stop fusion | Emtreshold: |08 Start K: T Mank: 100002 Ewsp | B0 Type: |Mew YUYW ~| [] sarRT
17.1.2011 20:44:18 == Calculating final errar .. ([memary used: 228 336.00 ME]) -~

17.1.2011 20:44:18 == Searching for the greatest component (abs) - iteration: 0 ({memary used: 163 788,00 MB))
17.1.2011 20:44:18 ==> Searching for the greatest component [abz] - iteration: 1 [[memam uzed: 1639 782,00 ME])
17.1.2011 20:44:18 == Searching for the greatest component [abs] - iteration; 2 [{memary used: 163 792,00 MB])
17.1.2011 20:44:18 ==> Searching for the greatest component (abs)] - iteration: 3 ([memary used: 1659 782,00 ME])
17.1.2011 20:44:18 ==> Searching for the greatest component (abs) - iteration: 4 ({memary used: 163 792,00 MB])
17.1.2011 20:44:18 ==> Searching for the greatest component [abs] - iteration: 5 [[memam uzed: 1639 782,00 ME])
17.1.2011 20:44:18 == Searching for the greatest component [abs] - iteration; & [{memary used: 163 796,00 MB])
17.1.2011 20:44:18 ==> Searching for the greatest component (abs)] - iteration: 7 [[memary used: 169 792,00 ME])
17.1.2011 20:44:18 ==> Searching for the greatest component (abs) - iteration: 8 ({memary used: 163 792,00 MB])
17.1.2011 20:44:18 ==> Searching for the greatest component [abs] - iteration: 3 [[memam uzed: 169 824,00 ME])
17.1.20011 20:44:18 ==> Restoring final image from iteration; 0 ({memorny used: 169 828,00 MB])

17.1.2011 20:44:18 ==> Restaring final image from iteration: 1 ([memarny uzed: 169 300,00 ME])

17.1.2011 20:44: 21 ==> Restonng final image from iteration: 2 ([memory used: 169 736,00 MB])
17.1.2011 20:44: 23 ==> Restonng final image from ikeration: 3 [[memorny uzed: 169 804,00 ME])
17.1.2001 20:44:27 == Restoring final image from iteration; 4 ({memorny used: 169 356,00 MB])
17.1.2011 20:44:30 ==> Restoring final image fram iteration: 5 ([memarny uzed: 169 964,00 ME])
17.1.2011 20:44:33 ==> Restonng final image from iteration: & ([memory used: 169 956,00 MB])
17.1.2011 20:44: 36 ==> Restonng final image from ikeration: 7 [[memorny uzed: 169 960,00 ME])
17.1.2011 20:44:39 ==> Restoring final image from iteration; & ({memorny used: 169 356,00 MB])
17.1.2011 20:44:42 == Adding errar. [[rernary used: 163 960,00 ME])

17.1.2011 20:44:42 ==> Converting data to image... [[memany used: 163 956,00 ME])

17.1.2011 20:44:42 == Calculating measures of degradation...

17.1.2011 20:44:42 ==» Finished

17.1.2011 20:44:42 ==> Reconstruction of fused image...

17.1.2011 20:44:43 ==> -~ Measure of degradation rezultz -

17.1.2001 20:44:43 ==> - Meazure get for 0 component of B/GAE or v/U A image -

17.1.2011 20:44:43 ==3 - file: C:ADocuments and Settingsikarek Vajgl\Dokumenty O brazky FUZNFUZTES T Fuze T esthienshSYA00054. PG
17.1.2011 20:44:43 ==> - > mod: MOD total 2009 365.023-- aver: 3,180 336 182 252

17.1.2001 20:44:43 == - file: C:ADocuments and SettingsiMarek WajglhDokumentyiObrazky FUZNFUZTES T Fuze T estiensihSY 400055 JFG
17.1.2011 20:44:43 == - »» mod: MOD tatal 864 706,284-- aver1,368 613 763 016

17.1.2011 20:44:43 - Measure set for 1 companent of B/G/B or /U A image -

17.1.2011 20:44:43 == - file: C:ADocuments and SettingsiMarek WajglhDokumentyhObrazky FUZNFUZTES T Fuze T estiMenshSY 400054 JFG
17.1.2011 20:44:43 ==> - »» mod: MOD total: 305 267,313-- aver:0,483 163 919 BEE

17.1.2001 2004443 == - file: C:ADocuments and SettinggiMarek VajglhDokumentyhObrazky FUZNFUZTES T \Fuze T estiMensih Sy 400005 JFG
17.1.2011 20:44:43 ==3 - >+ mod: MOD tatal: 227 636,839-- aver:0,360 233 758 292

17.1.2011 20:44:43 - Meazure zet for 2 component of RAGAB or /U A image -

17.1.2001 20:44:43 == - file: C:ADocuments and SettingziMarek WajglhDokumentyiObrazky FUZNFUZTES T Fuze T estensih 5400054 JFG
17,2011 20:44:43 ==5 - »» mod: MOD tatal 323 295,865 aver:0,521 195 273 814

17.1.2011 20:44:43 ==3 - file: C:ADocuments and Settingsikarek Vajgl\Dokumenty O brazky FUZNFUZTES T Fuze T esthienshSYA00055.0 PG
17.1.2011 20:44:43 ==> - »> mod: MOD total: 220 194 633-- aver:0,348 514 555 103

There are several options, which can be adjusted:

» Err threshold — minimum error threshold, when next iteration of image analysis will be
executed. The higher the value, the shorter time of algorithm run, but less quality result.
Lower values will cause longer algorithm run time, but improve result quality. Error value
(calculated for each iteration) is printed in the tab text area.

> Start K — initial value for iteration run. K value (in default) means the number of iteration.
When the iteration number increases, the depth of the analysis of the images is raised (until
threshold is achieved). In some cases it is required not to start from the first iteration. This
case is covered by Start K parameter.

» Max K — sometimes can be error threshold value too low, or there is requirement to do finite
number of iterations. Max K defines maximum K value for the last iteration; if iteration K
value exceeds this option, next iterations are aborted. If Err threshold condition is fulfilled
first, usage of this option is omitted.

» Exp — means exponent. This value adjusts the speed how fast the depth of analysis raises
according to increasing number of iteration. High values cause enormous computational
intensity and can easily lead to lack of memory or program freeze.

» Type — defines type and algorithm used for fusion. There are two main pairs of algorithms, a)
without prefix and b) with prefix New_. Algorithms with prefix New_ uses different memory
management and may cause better performance experience on large images. Postfix _NET is
used for algorithms which use only .NET platform (this may induce better processor usage on



some computers). Available types may differ according to the installed libraries. The base
types of algorithm are:
o Grayscale —image is taken as grayscale image for the analysis.
RGB - color model R-G-B is used for the source image analysis.

o YUV —color model Y-U-V is used for the source image analysis.
o Y-only brightness part of image is used as a source for the fusion.
o OneStep — one iteration only is done and created fusion is based on this iteration.

This usage is commonly used together with setting Start K option.
> Verbose — this checkbox enables verbose algorithm info printed in the text area of the tab.
> SQRT - if checked, the final number of components (= the deep of analysis) is extracted of
the origin value. This increases the number of iterations (so the result quality may be
improved) but extends the algorithm run.

3.1.2 Result tab

Result tab contains (when fusion did finish successfully) fused image. There is one button, Save
result, on the tab, which enables to save the image into a classic image file on the disc. Bitmap
format only is supported.

t8 FUZ - Fuzzy Image Fusion

Save result

(<]

3.1.3 About tab

About tab shows dialog with information about product and version.



4 Uninstallation

The uninstaller of the application will remove all application files. It will not remove installed .NET
framework because it can be used by other application. To remove .NET framework, do it manually
via “Add or remove programs” dialog in the “Control panel”.

The application store user settings in the user application folder (typically located at
%USER_HOME_FOLDER%\Application Data\FUZ\. This file may be deleted during uninstallation (on
request), or it can be deleted manually.

5 Other information

According to continuous research in this area, the newer version of this or similar software may be
available. For any further information or comments contact IRAFM staff.

Software has been developed as part of the project “Data-Algorithms-Decision making” supported by
IAA1187301 of the GA AV CR.

6 Contact

Institute for Research and Applications of Fuzzy Modeling
University of Ostrava in Ostrava

30. dubna 22

70103 Ostrava 1

Czech Republic

http://irafm.osu.cz
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