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Abstract

Currently in ITK, the only way to find the border of the objedtsa binary image is to use the
i tk::BinaryErodel mageFilter, with a kernel of radius 1. This filter is a generic filter, matde
support any shape and size of structuring element, and thasti optimized for the particular case
needed to detect the borders. Moreover, that filter is notithtéaded, so it can’t get the performance
improvements allowed by the multiprocessor systems. Asualtighe border detection can be quite time
consuming currently — for example, imt k: : Si gnedMaur er Di st anceMapl mageFi | t er , the border
detection takes about 33% of the execution time.

This contribution comes with a new filter which highly impeothe performance of the border de-
tection in the binary image, and a second filter which alloerdletection of the borders in label images
with similar performance.

1 Algorithm and implementation

The itk::BinaryBorderlmgeFilter and the itk::Label BorderlmgeFilter are based on

i tk:: Connect edConponent | mageFi | ter  from [1]. The images is first transformed in a set of lines in
the foreground and in the background. The foreground linkighvare touching the background are found
in the second step, as well as the determination of the exaicopthe line on the border of the object. That
way, the image is visited only in raster order, and the compas made on blocks of pixels.

Both filters can be run in place.

2 Binary and label images

i tk::BinaryBorderlnageFilter performs a border detection on a single label, and preséheesther
(background) valuesi t k: : Label Bor der | mageFi | t er a detection on all the labels in the image, excepted
the background label. Because k: : Bi naryBor der | mageFi | t er works only on two kinds of pixels, it
can be much optimized thant k: : Label Bor der | mageFi | t er . The performance difference are not that

IMore precisely, on a multithreaded versioniafk: : Connect edConponent | mageFi | t er , available at
http://voxel.jouy.inra.fr/darcs/contrib-itk/ watershed/
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important though, because most of the execution time istsparading the input image, and writing the
output one.

Figure 1: The input image.

3 Performance

The performance tests have been run on a@teentiun® 4 CPU at 3.20GHz with 2GB of RAM running
linux 2.6.12, with the command perf _threads inage/ bi g.nrrd. The size of the image used for the
test is 1024x 1024x 89.

The execution time is 1.29 seconds for the binary case, &dénsls for the label case, and 67.6 seconds for
the morphological erosion. The speed up is 52.4 for the pinase.

4 Examples

4.1 Binary case

#include "itkl mageFil eReader. h"
#include "itklmageFileWiter.h"
#include "itkSinpl eFilterWatcher.h"
#include "itkBi naryBorderlnageFilter.h"

int main(int argc, char * argv[])

{



4.1 Binary case

Figure 2: Binary border detection (foreground value is 200)e background is unchanged.

Figure 3: Label border detection. All the label in the image ehanged.



4.2 Label case

if( argc '=6)
{
std::cerr << "usage: " << argv[0] << " intput output fullyConnected fg bg" << std::endl;
std::cerr << " input: the input inage" << std::endl;
std::cerr << " output: the output inage" << std::endl;
std::cerr << " fullyConnected: 0 or 1" << std::endl;
exit(1);
}

[/ itk::MiltiThreader:: Setd obal Maxi mumNunber Of Thr eads(1);
const int dim=3;

typedef unsigned char PType;
typedef itk::lmage< PType, dim > |Type;

typedef itk::lmgeFileReader< |Type > Reader Type;
Reader Type: : Poi nter reader = Reader Type:: New();
reader->SetFi | eNane( argv[1] );

typedef itk::BinaryBorderlmageFilter< |Type, |Type > FilterType;
FilterType:: Pointer filter = FilterType::New();
filter->Setlnput( reader->GetCQutput() );
filter->SetFullyConnected( atoi(argv[3]) );

filter->Set ForegroundVal ue( atoi(argv[4]) );

filter->Set BackgroundVal ue( atoi(argv[5]) );

itk::SinpleFilterWatcher watcher(filter, "filter");

typedef itk::lmageFileWiter< | Type > WiterType;
WiterType::Pointer witer = WiterType:: New();
witer->Setlnput( filter->CetQutput() );
writer->SetFileNane( argv[2] );
writer->Update();

return 0;

4.2 Label case

#include "itkl mageFil eReader. h"
#include "itklmageFileWiter.h"
#include "itkSinpleFilterWatcher.h"

#include "itkLabel Border|mageFilter.h"

int min(int argc, char * argv[])

{

if( argc !'=5)
{

std::cerr << "usage: " << argv[0] << " intput output fullyConnected hg" << std::endl;



n

std::cerr << " input: the input inmge" << std::endl;
std::cerr << " output: the output inmage" << std::endl;
std::cerr << " fullyConnected: 0 or 1" << std::endl;
exit(l);

}

[l itk::MiltiThreader:: Setd obal Maxi numNunber O Threads(1);
const int dim=3;

n

typedef unsigned char PType;
typedef itk::lmage< PType, dim > |Type;

typedef itk::lmageFileReader< |Type > Reader Type;
Reader Type: : Poi nter reader = Reader Type:: New();
reader->Set Fi | eNane( argv[1] );

typedef itk::Label BorderlmageFilter< |Type, |Type > FilterType;
FilterType:: Pointer filter = FilterType::New();
filter->Setlnput( reader->GetCQutput() );

filter->SetFull yConnected( atoi(argv[3]) );

filter->Set BackgroundVal ue( atoi(argv[4]) );

itk::SinpleFilterWatcher watcher(filter, "filter");
typedef itk::lmageFileWiter< |Type > WiterType;
WiterType::Pointer witer = WiterType:: New();
witer->Setlnput( filter->CetQutput() );
writer->SetFileNane( argv[2] );

writer->Update();

return 0;
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6 Conclusion

That contribution can highly enhance the performance ofaligerithms where the border of the objects must be
detected. Use in tk: : Si gnedMaur er Di st anceMapl mageFi | t er 2 instead ofi t k: : Bi nar yEr odel mageFi | ter , it
can speedup the execution time by about 30%.
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