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Abstract

This document describes an addition to the Image IO Librdrthe Insight Toolkit (ITK). ITK has
been able to read in Analyze image files but not the Analyze@Mjlaps that correspond to the images.
Analyze Object maps define regions of interest that are hllpflesignating locations, giving a name to
those locations, as well as display characteristics. Msalyze Object Maps are useful to tell someone
where to look in an image. With the lack of not being able talfegite Analyze Object Maps, a new set
of classes have been developed to read/write Analyze Oldigos and manipulate the object maps.
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1 Anaylze Object Maps

An Analyze Object Map is an image where an index from 0-255 correspman Analyze Object(or, as
will be referred to in this paper as, Analyze Object Entry). Each Ana@zect Entry is a specific Region
of Interest that a user has specified. With these Regions of Interasé¢hean put a name to the Region, a
specific color and be able to communicate to other people what areas to lmdknatw which Regions they
are talking about. Regions of Interest could be differentiating a parteobthin, marking a location where
someone thinks a tumor is or many other ways to group a specific area to a ndroela. The Analyze
Object Maps can be shown by themselves or overlaid of another imadeastice original image that was
the basis of the Analyze Object Map, to show which areas were highlighted.



2 Files

There are two utility classes (itkAnalyzeObjectMap and itkAnalyzeObjectlatrg the main 10 file (itk-
AnalyzeObjectLabelMaplmagelO) and the corresponding IO factoryitkdnalyzeObjectLabelMaplm-
agelOFactory).

The 10 file takes care of reading and writing out an object file. WhenaVvie is read or writen an object
file will have at the very beginning information about the object map. The fiest data is the version of
the object map, next there is the x,y,z size of the object map, the number of ehjeies and finally for

version 7 (the newest version) number of volumes. After the beginniognation there is the information
about each object file, that means that there is going to have to be a vealiarfdhe entries.

The utility file called itkAnalyzeObjectEntry stores all of the information for opedfic entry, if a vector
is made of all of the entries of the file then it is easy to pick out the object entriese are also some other
functions in the itkAnalyzeObjectEntry that will read or write the informationtfar object entry.

Finally, after all of the entries there is a run length encoding of the image. urhkength encoding corre-
sponds to an image of the numbers of the entries starting from 0 and going athyhap to the number of
object entries.

The itkAnalyzeObjectMap file has functions that take care of doing things ¢dbgect map once it is created
- such as converting the itkAnalyzeObjectMap to an RGB Image.

The following bullets are the instructions on how to incorprate the files into itktla@dunctions inside of
each file.

e How to include the files into ITK.
The way to include all of the files we have written will go like this:

itkAnalyzeObjectLabelMaplmagelO.h, itkAnalyzeObjectLabelMaplmagelq.itkAnalyzeObject-
LabelMaplmagelOFactory.h, itkAnalyzeObjectLabelMaplmagelOFaataxywill need to be placed
into the source of ITK>Code=>10. While in the source of ITK>Code=>10 the CMakeLists file will
need to be changed so that SET... has itkAnalyzeObjectLabelMaplmaaghidycxx and itkAna-
lyzeObjectLabelMaplimagelO.cxx in it. Then itkimagelOFactory.cxx will neede modified so that
#inl cude "itkAnal yzeChj ect Label Mapl magel OFact ory. h" is placed with the includes, then add
hj ect Fact oryBase: : Regi st er Fact ory( Anal yzeCbj ect Label Mapl magel OFact ory: : New()

); in the function RegisterBuiltinFactories.

Then the folder called AnalyzeObjectMap will need to be placed into the safr¢TK->Code-
>Common. Also the CMakelLists file will need to be changed so that SET... hasalkzeOb-
jectEntry.cxx in it.

e itkAnalyzeObjectLabelMaplO
Functions:

— bool CanReadFile(const char* FileNameToRead)

This checks to see if the filename, that was passed in, ends with an olgiertelhit does then
return true that this class can read the file else return false stating thaatiez oan not read the
file.

— void Readlmagelnformation()



This reads in the header information. It first reads in the verision of tiecbmap, then the
X,Y,Z sizes, then the number of objects and for verision 7 object maps thesnaitolumes.
Then the function reads in each object entry and stores them into a véotgjeot entries.

— void Read(void* buffer)

This will read in and decipher the run length encoded image. The expandge will be stored
in the void pointer that was passed in and which will be used for the call Get@u

— bool CanWriteFile(const char * FileNameToWrite)
This checks to see if the filename, that was passed in, ends with an olgiertehit does then
return true that this class can write the file else return false stating that the eaitenot read
the file.

— void Writelmagelnformation()
This writes out the header information. It first writes out the verision obtbject map (which is
verisoin 7 right now), the x,y,z sizes of the image, the number of objectsoanéfision 7 object
maps the number of volumes. Then the function writes out each object erttrg fde. The
object entry will most likly take up the most room of the file. If an image wasteckaithout
any object entries then the writer will write out 256 object entries.

— void Write(const void* buffer)
This will comprese the the void pointer (which is the image and is changed tosigmed char
within the function) that was passed in by run length encoding the void pantéthen write
the run length encoding to the specified file.

— bool CanStreamRead()

This will return false right now because the reader can not stream @hisiis something that
will be worked on in the future.

e itkAnalyzeObjectEntry
Functions:

— void Copy( AnalyzeObjectEntry::Pointer rhs )

This function will copy all of the ivars except the name of the entry fromAhealyze Object
Entry that was passed in to the current Analyze Object Entry. Themesisp the function does
not copy the name, is that each object entry should have a unique name.

— These next functions are get/set macros that will get/set most of the ivars

getName/setName, getDisplayFlag/setDisplayFlag, getCopyFlag/setCopyFlag,
getMirrorFlag/setMirrorFlag, getStatusFlag/setStatusFlag, getNeighbedsU
Flag/setNeighborsUsedFlag, getShades/setShades, getStartRedreedStar  get-
StartGreen/setStartGreen, getStartBlue/setStartBlue, getEndRed/sedlEndRge-
tEndGreen/setEndGreen, getEndBlue/setEndBlue, getXRotation/setXRptatio
getXRotationincrement/setXRotationlncrement, getYRotation/setYRotation, - gety
Rotationincrement/setYRotationincrement, getZRotation/setZRotation, getZRo-
tationIncrement/setZRotationIncrement, getXTranslation/setXTranslation,  tX- ge
Translation/setXTranslation, getYTranslation/setYTranslation, getYTadosin-
crement/setY Translationlncrement, getZTranslation/setZTranslation, PEA-
tion/setZTranslation, getXCenter/setXCenter, getYCenter/setYCenteiCegetr/setZCenter,



getMinimumXValue/setMinimumXValue, getMinimumY Value/setMinimumYValue, getMini-
mumZValue/setMinimumzZValue, getMaximumXValue/setMaximumXValue, getMaximumY-
Value/setMaximumYValue, getMaximumZValue/setMaximumZValue, getOpacity/setthpa
GetOpacityThickness/SetOpacity Thickness, GetBlendFactor/SetBlendFac

— void Print(std::ostream &myfile)
This function will print out all of the ivars out to any file that the user waiitsis is mostly used
for debugging purposes.

— void ReadFromFilePointer(std::ifstream & inputFileStream, const bool Nge@vap, const
bool NeedBlendFactor)
This function will read in all of the ivars from a file location that is passed intoAlso, if
the computer is little endian then pass in a bool value of true so that the datapipesivizom
big endian to little endian else pass in false. Finally, it was stated in the documerftatio
the Mayo Foundation that Analyze Object Entry’s don’t have Blend Fakteerisions prior to
Verision 7, so that is the reason for const bool NeedBlendFactorjghttnow the code does
read in Blend Factor no matter what because some verision 6 files werenddtiey needed
the extra 4 bits.

— void SwapObjectEndedness()
This function will change the object endedness if the computer is a little endiehimea since
the object maps are written in big endian.

— void Write(std::ofstream &outputFileStream)
This function will write out all of the ivars to a file location that is passed into it.

e itkAnalyzeObjectMap
Functions:

— AnalyzeObjectMap operator=
This function is the assignment operator, which copies a new object magtifiright side to
the AnalyzeObjectMap variable on the left side.

— AnalyzeObjectEntryArrayType * GetAnalyzeObjectEntryArrayPointer(
This will return a pointer to the vector of object entries that an object map has

— GetNumberOfObjects/SetNumberOfObjects
This will get/set the number of object entries that an object map has.

— itk::AnalyzeObjectMapg: TImage>::Pointer PickOneEntry(const int numberOfEntry = -1)
The user will input the number of the Object entry that they would like to pitientthe function
will create a new object map that will re returned. Then the function will gough the original
object map image and get rid of all of the other object numbers and changertiieer of the
object entry the user specified to one. Then the new image will be outputted t@whObject
map. After that the object entry from the original object map will be copiesr ¢o the new
object map’s vector of object entries. Finally, the new object map is redurne

— TRGBImage::Pointer ObjectMapToRGBImage()

This will convert the object map into an RGB Image based on the end redyreed and end
blue specified for each object entry. That means that the function wid taago through the
object map image, get the value at each pixel, find the object entry thaspords to the value



of the pixel and then pull out the end red, end green and end blue atittas the pixel color
for the RGB Image. Then that RGB Image will be returned.

— void AddObjectEntryBasedOnlmagePixel(ImageType *Image,const irtievas -1,const
std::string ObjectName = "",const int Red = 0,const int Green = 0,const irg BID)
This will go through an image that the user inputs, find the specific pixel wari@ser inputs
and then create an object map at the location that it finds the specific pinel Vidhe user will
also have the option of inputing the red, green and blue they want the afggcio be.

— void AddAnalyzeObjectEntry(const std::string ObjectName = ")
This will just add an object entry to the end of the vector of object entrigsathabject map has
with the specific name the user passes in.

— void DeleteAnalyzeObjectEntry(const std::string ObjectName ="")
This will delete an object entry that a user specifies by inputting the namdumbgon will go
through the image and delete the number that corresponds to the objeciTéeimthe function
will move all of the object entry numbers above the object entry that wasedetiown one
number. Then the function will move all of the object entries above the objacy that was
deleted in the vector one number down.

— int FindObjectEntry(const std::string ObjectName = ")
This function will find an object entry based on the name that the user ingutse function
finds the object entry then it will return the number of the vector of the olgatty. If the
function does not find the object entry then the function will return -1.

— void PlaceObjectMapEntriesintoMetaData()

This function will place the object entries into the meta data so that the objectandg@aenoved
around just like a normal image. This function is normally called in the functicetsate in this
class.

— AnalyzeObjectEntry::Pointer GetObjectEntry( const int index )
This function will return the smart pointer of the object entry number the inpeits.
— void ImageToObjectMap(ImageType *image)
This function will take an image and make it into an object map. If there is datibfect entries

in the meta data then extract that data. Then take the pixel container of the amegéace it
into the object map’s pixel container.

3 Examples

This section provides some examples on how to use the programs.

e Example 1

This example is for reading in any file, then creating a new object map, tltearddes to the object
map and finally writing the new object map out to file.

Command:

CreatingObjects.exe [input image] [output Analyze Object Map file]
CreatingObjects.exe 2dtest.nii creatingObjects.obj



#include "itkl mageFi | eReader. h"
#include "itklmageFileWiter.h"
#include "itklmage. h"

#include "itkAnal yzeQhj ect Map. h"

int min( int argc, char ** argv )

{ typedef unsigned char I nput Pi xel Type
typedef unsigned char Qut put Pi xel Type
const  unsigned int Di nension = 3;
typedef itk::Inmage< InputPixel Type, Dinension > I nput | mageType

typedef itk::Image< QutputPixel Type, Dinension > Qut put | mageType
typedef itk::ImageFi| eReader< InputlmageType > ReaderType

typedef itk::InmageFileWiter< QutputlnmgeType > WiterType;
Reader Type: : Poi nter reader = Reader Type:: New();
WiterType::Pointer witer = WiterType:: New();

reader->SetFil eName(Ni ftiFile);
reader - >Updat e() ;

i tk::Anal yzeObj ect Map<I nput | mageType>: : Poi nter CreateCbjectMap = itk:: Anal yzeQhj ect Map
<I nput I mageType>: : New() ;

/1 Add one entry to the object map named "You Can Delete Me", this entry corresponds to 1
if you do a pickOneEntry
Creat e(bj ect Map- >AddAnal yzeChj ect ("You Can Del ete Me");

/1 Add another two entries that will be based on the image that is passed into

[Ithe function, also, the intensity that you would Iike searched for, the nane of the entry
and then finally the RGB val ues

/lyou woul d I'ike the entry to have for the regions that are found.

[/ This entry corrsponds to 2 if you do a pickOneEntry
Cr eat eObj ect Map- >AddObj ect Ent r yBasedOnl magePi xel (reader - >Get Qut put (), 200, "Square", 250,
0, 0);

[IThis entry corrsponds to 3 if you do a pickOneEntry
Cr eat eChj ect Map- >Addbj ect Ent r yBasedOnl magePi xel (reader->CGet Qut put (), 128, "Circle", 0,
250, 0);

[/ This entry corrsponds to 4 if you do a pickOneEntry
Cr eat eCoj ect Map- >Addbj ect Ent r yBasedOnl magePi xel (reader - >Get Qut put (), 45, "SquareTwo",
0, 0, 250);

[/ Then anoter entry is added, this entry corrsponds to 5 if you do a pickOneEntry



Creat e(bj ect Map- >AddAnal yzeoj ect ("Nothing In Here");
/I The entry that was just added is del eted
Creat eChj ect Map- >Del et eAnal yzeCbj ect ("Nothing In Here");

writer->Setlnput(CreateCbject MapTwo);

writer->Update();

}

Figure 1: 2dtest.nii Figure 2: creatingObjects.obj, this is what it
should look like when the image is converted it
to an RGB image. See next example on how to
display object maps.

e Example 2

This is a simple example for reading in an Analyze object mapthen showing how to use vtk to display the
object map.

Command:

DisplayingObjectMaps.exe [input Analyze Object Map file]
DisplayingObjectMaps.exe Circle.obj

#include "itklmage. h"

#include "itkRGBPi xel . h"
#include "itkl mageFi | eReader. h"
#include "itkl mageFileWiter.h"
#include "itkAnal yzethj ect Map. h"

[1#include "itklmageToVTKI mageFilter. h"
/1 #include "vtkRenderer.h"

/I #include "vtkRender Wndowl nteractor. h"
[/ #i ncl ude <vtkl mageVi ewer 2. h>

typedef unsigned char Pixel Type;

const unsigned int Dinension = 3;

typedef itk::Image< Pixel Type, Dinension > |nageType;
typedef itk:: RGBPi xel <Pi xel Type> RGBPi xel Type;

typedef itk::1mge< RGBPi xel Type, Dinmension > RGBI mageType;

typedef itk::lmageFil eReader< | mageType > Reader Type;

[ Itypedef itk::ImageToVTKI mageFi |t er <RGBI nageType> Connect or Type;



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

{
Reader Type: : Poi nter reader = ReaderType:: New();

[/ The input should be an Anayl ze Qhject Map file
reader - >Set Fi | eNanme( Di spl ayl mage );

reader - >Updat e() ;

[IThis will convert the output of the reader into an object map

i tk::Anal yzeChj ect Map<I mageType, RGBI mageType>:: Pointer Chjectmap = itk:: Anal yzehj ect Map
<l mageType, RGBI mageType>:: New();

bj ect map- >l mageTohj ect Map(reader - >Get Qut put () ) ;

[11f you have vtk and itkApplications installed then you can uncomment this out to display
/lan object map to the screen. O herwise you can see how to display an object map using
vt K.

/1Set the input, to the connector connecting itk with vtk, with an RGB inmage of the
specific
[Icolors that corresponds to each entry in the object nap.

/vt kRender W ndowl nt eract or *wi ndowl nteractor = vt kRender Wndow nt eractor:: New();
/I Connect or Type: : Poi nter connector= Connector Type: : New();
/I connect or - >Set | nput ( Obj ect map- >bj ect MapToRGBI nage() );

/I connect or - >Updat e() ;

/I Display a two dimensional view of the object map that was read in
[1vtkl mageVi ewer2 * twodi mage = vtkl mageVi ewer 2:: New() ;

[Iconst int SliceNunber = 0;

/'t wodi mage- >Set | nput ( connect or - >CGet Qut put () ) ;
/It wodi nage- >Set Sl i ce(Sli ceNunber);

/1t wodi mage- >Set Sli ceOrientati onToXY();

/1Set the background of the renderer to a grayish color so that it is easier to see
[Ithe outline of the object map since it is usually black

/'l twodi mage- >CGet Render er () - >Set Backgr ound( 0. 4392, 0.5020, 0.5647);

/1 twodi mage- >Set upl nt eract or (wi ndowl nt eract or);

/1 twodi mage- >Render () ;
/1 window nteractor->Start();

e Example 3

This example is for reading in any file, then creating a nevectinap, then add entries to the object map, pick
one entry and then write out the new object map with the orny emty.

Command:



PickOneObjectEntry.exe [input image file] [output Analyze Object Map file]
PickOneObjectEntry.exe 2dtest.nii circle.obj

#include "itkl mgeFi| eReader. h"
#include "itklmageFileWiter.h"
#include "itklmge. h"

#include "itkAnal yzeChj ect Map. h"

int main( int argc, char ** argv )

{

[I'Now we bring inanifti file that Hans and Jeffrey created,
//the inage as two squares and a circle in it of different intensity val ues.
reader->SetFil eName(N ftiFile);

reader - >Updat e() ;

itk:: Anal yzeChj ect Map<I nput | mageType>: : Poi nter CreateChjectMap = itk:: Anal yzeChj ect Map
<l nput | mageType>: : New() ;

/I Add another two entries that will be based on the inmage that is passed into

/Ithe function, also, the intensity that you would |ike searched for,

[Ithe name of the entry and then finally the RGB val ues

/Iyou woul d like the entry to have for the regions that are found.

Cr eat e(bj ect Map- >Addbj ect Ent r yBasedOnl magePi xel (reader - >CGet Qut put (), 200, "Square", 250,
0, 0);

Cr eat eQbj ect Map- >Addj ect Ent r yBasedOnl magePi xel (reader->Get Qutput (), 128, "Circle", 0,
250, 0);

Cr eat eCbj ect Map- >Addbj ect Ent r yBasedOnl magePi xel (reader->CGet Qut put (), 45, "SquareTwo",
0, 0, 250);

[IPick the circle entry and have it put into CreateChjectMap two. These means

[Ithat there is only one entry in CreateCbject MapTwo and the i mage has al so

//been taken care of.

i tk:: Anal yzeCbj ect Map<I nput | mageType>: : Poi nter CreateChject MapTwo = Creat eChj ect Map- >
Pi ckOneEntry(2);

/I/Place all of the entries into the meta data so that the entries can be witten
[lout to an object file.
Creat eCbj ect MapTwo- >Pl acebj ect MapEnt ri esl nt oMet aDat a() ;

[/ Now write out an object file
writer->Setlnput (CreateCbject MapTwo) ;
writer->SetFileNane(Creatingject);

writer->Update();
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Figure 3:circle.obj, this is what it should look like when it is converted to an RGB image. Also, see the first example to
see what 2dtest.nii should look like.

4 Testing

Right now we have one test that does all of the testing. The filename for théstégalyzeOb-
jectMapTest.cxx. The file takes in seven arguments. Each argumensponds to a certain name of
another file.

For the first argument it should be the name of test.obj and that file is a 3-Bioma object file that Hans
created. The file is read in, then converted into an object map and finall&niRage is created from the
object map. This was just to make sure that everything worked withoutraoise

After that the output of the reader is sent to a writer to write out the exgst ebthe argument but with a
different file name. That is where the second argument comes in. Onfiletisavritten out then both files
are opened up and compared to make sure they have the exact sameitbitas.b

After that the third argument that corresponds to the name of a nifti file tanstdnd | created which is the
same image seen in example 1 is read in. With that nifti file read in we create aojeot imap with some

extra entries and other entries based on the nifti file that was read in.n&hapbject map is written out
a file as an object file that corresponds to the fourth argument read at.filehthat was just written out is
then read back in where the reader output is then converted into an pigpand finally an RGB image is
created from the object map.

Then from that object map one entry is picked and new object map is crwéateflist the one entry in it.
This object map with the one entry is written to file that corresponds with the fifilmaent. The file that
was just written out is read back in and then converted into an object mafiratigg an RGB image is
created from the object map.

From there, the sitxh argument corresponds to a name for a four dimahsipaect name that will be written
out. A four dimensional image is created and then sent to the writer and thesadi®ack in.

Finally, the seventh argument corresponds to a name for a one dimerdipectiname that will be written
out. A one dimensional image is created and then sent to the writer and thead isaek in.

5 Future Work

We will make the writer and reader streamable in the future.

References
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1 Anaylze Object Maps

An Analyze Object Map is an image where an index from 0-255 correspman Analyze Object(or, as
will be referred to in this paper as, Analyze Object Entry). Each Ana@zgct Entry is a specific Region
of Interest that a user has specified. With these Regions of Interasé¢hean put a name to the Region, a
specific color and be able to communicate to other people what areas to lmdknatw which Regions they
are talking about. Regions of Interest could be differentiating a partedbthin, marking a location where
someone thinks a tumor is or many other ways to group a specific area to a ndroeler. The Analyze
Object Maps can be shown by themselves or overlaid of another imadeastiee original image that was
the basis of the Analyze Object Map, to show which areas were highlighted.



2 Files

There are two utility classes (itkAnalyzeObjectMap and itkAnalyzeObjectlatrg the main 10 file (itk-
AnalyzeObjectLabelMaplmagelO) and the corresponding IO factory(itkdnalyzeObjectLabelMaplm-
agelOFactory).

The 10 file takes care of reading and writing out an object file. Whenavie is read or writen an object
file will have at the very beginning information about the object map. The fiest data is the version of
the object map, next there is the x,y,z size of the object map, the number of ehjeies and finally for

version 7 (the newest version) number of volumes. After the beginniogn#tion there is the information
about each object file, that means that there is going to have to be a vealiarfdhe entries.

The utility file called itkAnalyzeObjectEntry stores all of the information for opedfic entry, if a vector
is made of all of the entries of the file then it is easy to pick out the object entriese are also some other
functions in the itkAnalyzeObjectEntry that will read or write the informationtfar object entry.

Finally, after all of the entries there is a run length encoding of the image. drhkength encoding corre-
sponds to an image of the numbers of the entries starting from 0 and going athyhap to the number of
object entries.

The itkAnalyzeObjectMap file has functions that take care of doing things ¢dgect map once it is created
- such as converting the itkAnalyzeObjectMap to an RGB Image.

The following bullets are the instructions on how to incorprate the files into itktla@dunctions inside of
each file.

e itkAnalyzeObjectLabelMaplO
Functions:

— bool CanReadFile(const char* FileNameToRead)

This checks to see if the filename, that was passed in, ends with an olgiertelfit does then
return true that this class can read the file else return false stating thaatiez oan not read the
file.

— void Readlmagelnformation()

This reads in the header information. It first reads in the verision of tiecblnap, then the
X,y,Z sizes, then the number of objects and for verision 7 object maps thesnawfmmlumes.
Then the function reads in each object entry and stores them into a véotgjeot entries.

— void Read(void* buffer)
This will read in and decipher the run length encoded image. The expéndge will be stored
in the void pointer that was passed in and which will be used for the call Get@u

— bool CanWriteFile(const char * FileNameToWrite)

This checks to see if the filename, that was passed in, ends with an olgiertelfiit does then
return true that this class can write the file else return false stating that the eaitenot read
the file.

— void Writelmagelnformation()

This writes out the header information. It first writes out the verision obtiject map (which is
verisoin 7 right now), the x,y,z sizes of the image, the number of objectsoanéifision 7 object
maps the number of volumes. Then the function writes out each object erttrg file. The



object entry will most likly take up the most room of the file. If an image wasteckaithout
any object entries then the writer will write out 256 object entries.

— void Write(const void* buffer)
This will comprese the the void pointer (which is the image and is changed tosegmed char
within the function) that was passed in by run length encoding the void pantéthen write
the run length encoding to the specified file.

— bool CanStreamRead()

This will return false right now because the reader can not stream @haisiis something that
will be worked on in the future.

e itkAnalyzeObjectEntry
Functions:

— void Copy( AnalyzeObjectEntry::Pointer rhs )

This function will copy all of the ivars except the name of the entry fromAhalyze Object
Entry that was passed in to the current Analyze Object Entry. Themegisp the function does
not copy the name, is that each object entry should have a unique name.

— These next functions are get/set macros that will get/set most of the ivars

getName/setName, getDisplayFlag/setDisplayFlag, getCopyFlag/setCopyFlag,
getMirrorFlag/setMirrorFlag, getStatusFlag/setStatusFlag, getNeighbedsU
Flag/setNeighborsUsedFlag, getShades/setShades, getStartRedredStar get-
StartGreen/setStartGreen, getStartBlue/setStartBlue, getEndRed/sadEndRege-
tEndGreen/setEndGreen, getEndBlue/setEndBlue, getXRotation/setXRptatio
getXRotationlncrement/setXRotationincrement, getYRotation/setYRotation, - gety
Rotationincrement/setYRotationincrement, getZRotation/setZRotation, getZRo-
tationlncrement/setZRotationIncrement, getXTranslation/setXTranslation, tX- ge
Translation/setXTranslation, getYTranslation/setYTranslation, getYTadosin-
crement/setY TranslationIncrement, getZTranslation/setZTranslation, gt A-
tion/setZTranslation, getXCenter/setXCenter, getYCenter/setYCenteiCegetZr/setZCenter,
getMinimumXValue/setMinimumXValue, getMinimumY Value/setMinimumYValue, getMini-
mumZValue/setMinimumZValue, getMaximumXValue/setMaximumXValue, getMaximumY-
Value/setMaximumYValue, getMaximumZValue/setMaximumZValue, getOpacity/settypa
GetOpacityThickness/SetOpacity Thickness, GetBlendFactor/SetBlandFac

— void Print(std::ostream &myfile)

This function will print out all of the ivars out to any file that the user wailtsis is mostly used
for debugging purposes.

— void ReadFromFilePointer(std::ifstream & inputFileStream, const bool Nge&®vap, const
bool NeedBlendFactor)
This function will read in all of the ivars from a file location that is passed ihtoAlso, if
the computer is little endian then pass in a bool value of true so that the datapipesivizom
big endian to little endian else pass in false. Finally, it was stated in the documerftatio
the Mayo Foundation that Analyze Object Entry’s don’t have Blend Faiteerisions prior to



Verision 7, so that is the reason for const bool NeedBlendFactorjghitnow the code does
read in Blend Factor no matter what because some verision 6 files werenddtiey needed
the extra 4 bits.

— void SwapObjectEndedness()
This function will change the object endedness if the computer is a little endiahimea since
the object maps are written in big endian.

— void Write(std::ofstream &outputFileStream)
This function will write out all of the ivars to a file location that is passed into it.

e itkAnalyzeObjectMap
Functions:

— AnalyzeObjectMap operator=
This function is the assignment operator, which copies a new object maptieright side to
the AnalyzeObjectMap variable on the left side.
— AnalyzeObjectEntryArrayType * GetAnalyzeObjectEntryArrayPointer(
This will return a pointer to the vector of object entries that an object map has
— GetNumberOfObjects/SetNumberOfObjects
This will get/set the number of object entries that an object map has.

— itk::AnalyzeObjectMapg: TImage>::Pointer PickOneEntry(const int numberOfEntry = -1)
The user will input the number of the Object entry that they would like to pitientthe function
will create a new object map that will re returned. Then the function will gough the original
object map image and get rid of all of the other object numbers and changertiiteer of the
object entry the user specified to one. Then the new image will be outputteel tew Object
map. After that the object entry from the original object map will be copiesr ¢o the new
object map’s vector of object entries. Finally, the new object map is redurne

— TRGBImage::Pointer ObjectMapToRGBImage()
This will convert the object map into an RGB Image based on the end redyread and end
blue specified for each object entry. That means that the function wid taago through the
object map image, get the value at each pixel, find the object entry thaspords to the value
of the pixel and then pull out the end red, end green and end blue titighsas the pixel color
for the RGB Image. Then that RGB Image will be returned.

— void AddObjectEntryBasedOnlmagePixel(ImageType *Image,const idtievas -1,const
std::string ObjectName = "",const int Red = 0,const int Green = 0,const irg BID)
This will go through an image that the user inputs, find the specific pixel vari@ser inputs
and then create an object map at the location that it finds the specific piuel idhe user will
also have the option of inputing the red, green and blue they want the oiggcto be.

— void AddAnalyzeObjectEntry(const std::string ObjectName ="")
This will just add an object entry to the end of the vector of object entrigsathabject map has
with the specific name the user passes in.

— void DeleteAnalyzeObjectEntry(const std::string ObjectName ="")
This will delete an object entry that a user specifies by inputting the namdumbgon will go
through the image and delete the number that corresponds to the objecaerimthe function
will move all of the object entry numbers above the object entry that wasedietiown one
number. Then the function will move all of the object entries above the objacy that was
deleted in the vector one number down.



— int FindObjectEntry(const std::string ObjectName = "")
This function will find an object entry based on the name that the user inffutse function
finds the object entry then it will return the number of the vector of the olgatty. If the
function does not find the object entry then the function will return -1.

— void PlaceObjectMapEntriesintoMetaData()
This function will place the object entries into the meta data so that the objectandg@anoved
around just like a normal image. This function is normally called in the functicatsate in this
class.

— AnalyzeObjectEntry::Pointer GetObjectEntry( const int index )
This function will return the smart pointer of the object entry number the inpeits.
— void ImageToObjectMap(ImageType *image)
This function will take an image and make it into an object map. If there is datdbfect entries

in the meta data then extract that data. Then take the pixel container of the amagéace it
into the object map’s pixel container.

3 How to Compile

There are a couple of ways to compile the libraries, tests and examplesadikstavay is to download the
code from the Insight Journal, run CMake on the top level and let CMedate the necessary items. Once
the necessary items are made then the libraries will need to be built.

The other way is to place the code inside the ITK source directory. Wedmawe up with some instructions
on how to place the code into the ITK source directory.

The way to include all of the files into ITK we have written will go like this:

The folder inside of Source called AnalyzeObjectMaplO will contain thetes:fi itkAnalyzeOb-
jectLabelMaplmagelO.h, itkAnalyzeObjectLabelMapimagelO.cxx, itkAna®ijectLabelMaplmagelO-
Factory.h, itkAnalyzeObjectLabelMaplmagelOFactory.cxx will need to beceul into the source
of ITK->Code=10. While in the source of ITK>Code=IO the CMakeLists file will need to
be changed so that SET... has itkAnalyzeObjectLabelMaplmagelOFastorand itkAnalyzeOb-
jectLabelMaplmagelO.cxx in it.  Then itkimagelOFactory.cxx will need to be iffemtl so that
#inl cude "itkAnal yzeQhj ect Label Mapl nagel OFactory. h" is placed with the includes, then add
(bj ect Fact oryBase: : Regi st er Fact ory( Anal yzehj ect Label Mapl magel OFactory:: New() ); in
the function RegisterBuiltinFactories.

Then the folder inside of Source called AnalyzeObjectMap will need to keedlato the source of ITK-
>Code=>Common. Also the CMakeLists file will need to be changed so that SET... hasatkzeOb-
jectEntry.cxx in it. Then CMake will need to be re-run on ITK and then ITK Wwélve to be re-built.

When done with getting the libraries built, the examples and tests can be rumeXtheouple of sections
will explain the examples and tests.

4 Examples

This section provides some examples on how to use the programs.



e Example 1

This example is for reading in any file, then creating a new object map, tltearddes to the object
map and finally writing the new object map out to file.

Command:

CreatingObjects.exe [input image] [output Analyze Object Map file]
CreatingObjects.exe 2dtest.nii creatingObjects.obj

#include "itkl mageFi| eReader. h"
#include "itkl mgeFileWiter.h"
#include "itklmage. h"

#include "itkAnal yzeQoj ect Map. h"

int min( int argc, char ** argv )

{ typedef unsigned char [ nput Pi xel Type;
typedef unsigned char Qut put Pi xel Type;
const  unsigned int Di mension = 3;
typedef itk::Image< InputPixel Type, Dinension > [ nput | mgeType;

typedef itk::Image< QutputPixel Type, Dinension > Qut put | mageType;
typedef itk::ImageFi| eReader< InputlmageType > ReaderType;

typedef itk::lmgeFileWiter< QutputlnmageType > WiterType;
Reader Type: : Poi nter reader = Reader Type:: New();
WiterType::Pointer witer = WiterType:: New();

reader->SetFileName(NiftiFile);
reader - >Updat e() ;

itk:: Anal yzeChj ect Map<I nput | mageType>: : Poi nter CreateChjectMap = itk:: Anal yzeChj ect Map
<l nput | mageType>: : New() ;

/1 Add one entry to the object map nanmed "You Can Delete Me", this entry corresponds to 1
if you do a pickOneEntry
Creat e(bj ect Map- >AddAnal yzebj ect (" You Can Delete Me");

/I Add another two entries that will be based on the inage that is passed into

/Ithe function, also, the intensity that you would |ike searched for, the nane of the entry
and then finally the RGB val ues

/Iyou woul d like the entry to have for the regions that are found.

[IThis entry corrsponds to 2 if you do a pickOneEntry
Cr eat eQbj ect Map- >Addj ect Ent r yBasedOnl magePi xel (reader - >Get Qut put (), 200, "Square", 250,
0, 0);



[IThis entry corrsponds to 3 if you do a pickOneEntry
Cr eat eQbj ect Map- >Addj ect Ent r yBasedOnl magePi xel (reader->Get Qutput (), 128, "Circle", 0,
250, 0):

[/ This entry corrsponds to 4 if you do a pickOneEntry
Cr eat e(bj ect Map- >Addbj ect Ent r yBasedOnl magePi xel (reader->CGet Qut put (), 45, "SquareTwo",
0, 0, 250);

[/ Then anoter entry is added, this entry corrsponds to 5 if you do a pickOneEntry
Creat e(bj ect Map- >AddAnal yzeoj ect ("Nothing In Here");

[ The entry that was just added is deleted
Creat eChj ect Map- >Del et eAnal yzeChj ect ("Nothing In Here");

writer->Setlnput(Createlbject MapTwo);

writer->Update();

}

Figure 1: 2dtest.nii Figure 2: creatingObjects.obj, this is what it
should look like when the image is converted it
to an RGB image. See next example on how to
display object maps.

e Example 2

This is a simple example for reading in an Analyze object nrapthen showing how to use vtk to display the
object map.

Command:

DisplayingObjectMaps.exe [input Analyze Object Map file]
DisplayingObjectMaps.exe Circle.obj

#include "itklmage. h"

#include "itkRGBPi xel . h"
#include "itklmageFi| eReader. h"
#include "itklmageFileWiter.h"
#include "itkAnal yzeQhj ect Map. h"

[ #include "itkl mageToVTKI mageFilter.h"
/1 #include "vtkRenderer.h"

/[ #incl ude "vtkRender Wndowl nteractor. h"
[/ #i ncl ude <vtkl mageVi ewer 2. h>



typedef unsigned char Pixel Type;

const unsigned int Dinension = 3;

typedef itk::Image< Pixel Type, Dinension > |nageType;
typedef itk:: RGBPi xel <Pi xel Type> RGBPi xel Type;

typedef itk::1mge< RGBPi xel Type, Dinmension > RCGBI mageType;

typedef itk::lmageFil eReader< | mageType > Reader Type;

[ Itypedef itk::ImageToVTKI mageFi |t er <RGBI nageType> Connect or Type;

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

{

Reader Type: : Poi nter reader = ReaderType:: New();

[/ The input should be an Anayl ze Chject Map file
reader - >Set Fi | eNane( Di spl ayl mage );

reader - >Updat e() ;

[1This will convert the output of the reader into an object map

i tk::Anal yzeObj ect Map<l nageType, RGBI mageType>:: Pointer Cbjectmap = itk:: Anal yzeQbj ect Map
<I mageType, RGBI mageType>:: New();

bj ect map- >l mageToChj ect Map(reader - >Get Qut put () ) ;

[11f you have vtk and itkApplications installed then you can uncomrent this out to display
//an object map to the screen. O herwise you can see how to display an object map using
vt K.

/1Set the input, to the connector connecting itk with vtk, with an RGB inmage of the
specific
[Icolors that corresponds to each entry in the object nap.

/vt kRender W ndowl nt eract or *w ndowi nteractor = vtkRender Wndow nteractor:: New();
/I Connect or Type: : Poi nter connect or= Connect or Type: : New();
/I connect or - >Set | nput ( Obj ect map- >bj ect MapToRGBI nage() );

!/ connect or - >Updat e() ;

/I Display a two dimensional view of the object map that was read in
[Ivtkl mageVi ewer2 * twodi mage = vtkl mageVi ewer 2: : New() ;

[Iconst int SliceNunber = 0;

/'t wodi mage- >Set | nput ( connect or - >CGet Qut put () ) ;
/It wodi nage- >Set Sl i ce(Sli ceNunber);

//twodi mage- >Set Sl i ceOrientati onToXY();

/1 Set the background of the renderer to a grayish color so that it is easier to see
[Ithe outline of the object map since it is usually black

/1 twodi mage- >CGet Render er () - >Set Backgr ound( 0. 4392, 0.5020, 0.5647);

/'l twodi mage->Set upl nt eract or (Wi ndowl nteractor);

/1 twodi mage- >Render () ;



/1w ndow nteractor->Start();

e Example 3

This example is for reading in any file, then creating a nevectijnap, then add entries to the object map, pick
one entry and then write out the new object map with the ong emty.

Command:

PickOneObjectEntry.exe [input image file] [output Analyze Object Map file]
PickOneObjectEntry.exe 2dtest.nii circle.obj

#include "itkl mageFi| eReader. h"
#include "itkl mgeFileWiter.h"
#include "itklmage. h"

#include "itkAnal yzeOoj ect Map. h"

int main( int argc, char ** argv )

{

[I'Now we bring ina nifti file that Hans and Jeffrey created,
[Ithe image as two squares and a circle in it of different intensity val ues.
reader->SetFil eName(N ftiFile);

reader - >Updat e() ;

i tk::Anal yzeObj ect Map<I nput | negeType>: : Poi nter CreateChjectMap = itk:: Anal yzehj ect Map
<l nput | mageType>: : New() ;

[/ Add another two entries that will be based on the image that is passed into

[Ithe function, also, the intensity that you would Iike searched for,

[Ithe name of the entry and then finally the RGB val ues

/Iyou woul d like the entry to have for the regions that are found.

Cr eat eQbj ect Map- >AddObj ect Ent r yBasedOnl magePi xel (reader - >Get Qut put (), 200, "Square", 250,
0, 0);

Creat e(bj ect Map- >Addbj ect Ent r yBasedOnl magePi xel (reader->CGet Qut put (), 128, "Circle", 0,
250, 0);

Cr eat eQbj ect Map- >Addbj ect Ent r yBasedOnl magePi xel (reader - >Get Qut put (), 45, "SquareTwo",
0, 0, 250);

[IPick the circle entry and have it put into Create(bjectMap two. These neans

[Ithat there is only one entry in CreateCbject MapTwo and the inmage has al so

//been taken care of.

i tk::Anal yzehj ect Map<I nput | negeType>: : Poi nter CreateChject MapTwo = Creat eQbj ect Map- >
Pi ckOneEntry(2);

/I Place all of the entries into the meta data so that the entries can be witten
[lout to an object file.
Creat eChj ect MapTwo- >Pl acebj ect MapEnt ri esl nt oMet aDat a() ;

[/ Now write out an object file
writer->Setlnput (CreateCbject MapTwo);
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writer->SetFileNane(Creatingject);

writer->Update();

Figure 3:circle.obj, this is what it should look like when it is converted to an RGB image. Also, see the first example to
see what 2dtest.nii should look like.

5 Testing

Right now we have one test that does all of the testing. The filename for théstésalyzeOb-
jectMapTest.cxx. The file takes in seven arguments. Each argumensponds to a certain name of
another file.

For the first argument it should be the name of test.obj and that file is a 3-Biomat object file that Hans
created. The file is read in, then converted into an object map and finall&niRage is created from the
object map. This was just to make sure that everything worked withoutraonse

After that the output of the reader is sent to a writer to write out the exgst ebthe argument but with a
different file name. That is where the second argument comes in. Onfiletisewritten out then both files
are opened up and compared to make sure they have the exact sameitbitatbg.b

After that the third argument that corresponds to the name of a nifti file tanstdnd | created which is the
same image seen in example 1 is read in. With that nifti file read in we create aojeat imap with some

extra entries and other entries based on the nifti file that was read in.n&hapbject map is written out
a file as an object file that corresponds to the fourth argument read ai.filehthat was just written out is
then read back in where the reader output is then converted into an otgpand finally an RGB image is
created from the object map.

Then from that object map one entry is picked and new object map is ciwiteflist the one entry in it.
This object map with the one entry is written to file that corresponds with the fiflinaent. The file that
was just written out is read back in and then converted into an object mafinatigg an RGB image is
created from the object map.

From there, the sitxh argument corresponds to a name for a four dimahskact name that will be written
out. A four dimensional image is created and then sent to the writer and thesadi®ack in.

Finally, the seventh argument corresponds to a name for a one dimeraijeet name that will be written
out. A one dimensional image is created and then sent to the writer and thead isaek in.
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6 Future Work

We will make the writer and reader streamable in the future.
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