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Abstract

This paper describes our contribution of three new classéise Insight Toolkit community. We
present a newnagel O base class for streaming image file, along with two derivedjel O classes for
the VTK and the MRC file formats.
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1 Introduction

We have created a new file reader for MRC image files, a base afaxtracted reusable streaming code,
and improvements to the VTK file reader that reuses our nexaisting base class. We wrote an ImagelO
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class to natively read yet another format to have accessféomation in the extended header such as
acquisition parameters of the microscope and to be ablegarstthe data for out-of-core processing. The
result is a robust reader and writer for ITK that can take athge of many of the toolkits powerful features.
The MRCl nagel O class is derived from a base class which overrides commomié@ods to implement
streaming and provide addition low level /O methods. To destrate the utility and flexibility of the
St ream ngl magel OBase class, we derived a neMiKl magel O class from it. Thus ou¥TKI nagel O class
utilizes the base class’s streaming methods.

Streaming is the process of sequentially processing sibsre part of the largest possible region) of an
image through the pipeline. At any moment only a sub-regifcendamage is processed by each filter. Then
the entire image is reassembled from the sub-regions intoaneor on the file system. To perform out-of-
core processing, thiemagel O classes involved in the pipeline must support streamedngaohd streamed
writing or the entire image will be buffered in memory.

2 Implementation

At the core of our work is a new class from which new streamimggel O classes should be de-
rived. Currently, the itk:: 1 mgel OBase class contains a large number of methods, many of which
need to be repetitively overridden for common features @manted in derivedimagel O classes. The
purpose of thest r eani ngl nagel OBase is to overload the methods needed for streaming when used by
itk::lmageFil eReader anditk:: I nmageFileWiter. These include:

bool CanStreanWite( void );
bool CanStreanRead( void );
| mgel ORegi on Cener at eSt r eamabl eReadRegi onFr omRequest edRegi on( const | magel ORegi on & requested ) const;
unsigned int Get Act ual Nunber O SplitsForWiting( unsigned int nunberOf RequestedSplits,
const | nmagel ORegi on &past eRegi on,
const | nagel ORegi on &l ar gest Possi bl eRegi on );

TheCanStreaniW¥ite andCanSt reanRead methods simply returtir ue to indicate the derivedimagel O
class supports this feature.

The Stream ngl magel OBase class is designed to directly support the streaming of ar-
bitrary regions for both reading and writing. To facilitat¢the use ofregions, the
Cener at eSt r eamabl eReadRegi onFr onRequest edRegi on method returns the requested region passed as
an argument.

The implementation ofGet Act ual Nunber O Spl it sFor Wi ting similarly supports derived magel O
classes to allow writing and pasting of arbitrary regionsatfile. However, pasting to existing files adds
the problem of compatibility between the image file and thenfat requested by dmagel O object. There-
fore this method must verify that an existing file image corgdhe same pixel type and image information.
If this check fails, an exception will be generated.

These methods should work for a large numbel wdgel O classes. However, if additional restriction
are needed, those tests could be made in an overridden médthiodved by a call to the super-class’s
(St ream ngl magel OBase) implementation of the method.

There is one protected utility method provided in this class
virtual bool RequestedToStrean{ void ) const;
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2.1 MRClmagelO 3

This method performs the surprisingly complicated andreprone comparison of theORegi on to the
image file's size. The complication arises from the fact that ORegi on may not have the same number
of dimensions as the file’'s image. When the dimensions aferelift yet the ORegi on references all the
pixels in the image, the request is interpreted as nonsatrea The situation where theORegi on object
has not been set, only an issueiitk: : | mageFi | eReader or itk::InageFileWiter are not used, is
not considered. IRequest edToSt reamreturnst r ue, the entire image (the largest possible region) is not
requested and therefore streaming functionality is requir

A large number of image file formats are simply a header fadlidwy the raw binary data. To facilitate these
| mgel Otypes the following methods are provided:

virtual SizeType GetDataPosition( void );

virtual bool StreanReadBufferAsBinary( std::istrean& os, void *buffer );

virtual bool StreamiiteBufferAsBinary( std::ostream& os, const void *buffer );
voi d OpenFil eFor Readi ng( std::ifstrean& os, const char* filenane );

voi d QpenFileForWiting( std::ofstream& os, const char* filenane, bool truncate );

The Get Dat aPosi ti on method should return the data position in a file where the mamge data begins.
The typeSi zeType was carefully chosen because it is currently definest ds: st r eanof f . However the
name may be confusing since it is overused across ITK.

Utilizing the | ORegi on and the other image information (set in theagel O), the streaming read and write
methods can perform the random access &t : i ost r eam operations needed. These methods are the
heart of streaming input and output operations, and if ttaeyle reused in derivddragel Oclasses, itis a
big win!

2.1 MRCImagelO

The MRC file type is a popular file format which is arguably badag the standard for electron microscopy.
It is supported by such applications as Boulder LaborasaifOD, UCSF’s Chimera, 3D Visual's Amira
and is among the formats included in LOCI’s Bio-Formats. M/HTK does not need to support every
image format, the lack of streaming supported by many dthegel O formats, the additional information
available in the extended header, along with the prevalehtee format and common support in existing
electron microscopy software are sufficient motivationggdor natively supporting this extension in ITK.

The format appears to have originated with a software packéw crystallography from the
MRC Laboratory of Molecular Biology 1. While the original FORTRAN software is ei-
ther no longer available or not open source, documentatimoutathe original format still exists:
http://ww2. nrc- | nmb. cam ac. uk/ i mage2000. ht m . Boulder Laboratory’s IMOD is a currently lead-
ing software package for reconstruction and registratioBDoelectron microscopy data. Their documen-
tation provides some additional header fields which shalldgarded as options for our implementation:
http://bi 03d. col orado. edu/ i nod/ doc/ nrc_format. t xt . These documents provide the working stan-
dard for the MRC file format.

The structure of the file format is not novel as it simply a fexaahd an optional extended header, followed
by the raw data. This file structure allowed us to create tegipusly describe®t r eani ngl magel OBase
class with modular reading and writing methods. The implaat®n of MRCl nagel O : Wite and
MRCl negel O : Read are good examples of how to use the base class to implementrdamning process.
These methods illustrate the details of when to stream, tlea@éntire image, erase the file and write the
header. These details must be implemented correctly fde gagaming to operate correcly.
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The MRC file format supports 3D images with the following piges:

e unsigned 8-bit integers

signed 16-bit integers
32-bit floats

2 16-bit for complex data ( not supported by ITK)

2 float for complex data

unsigned 16-bit ( semi-standard format )

e 3 unsigned 8-bit integer for RGB ( semi-standard format )

One of the difficulties in handling an image format is ensgirihat the geometric information including
orientation is imported and exported correctly. As illagtd in section 4.1.4 of the ITK Software Guidg[
ITK uses a right handed 2-D image view, along with a right leeh8-D view of the world space coordinate
system. The MRC world coordinates are similarly right-heshdso no corrections in the orientation matrix
are needed. Unfortunately, the details of creating a imtageerld transformation matrix from the MRC
header information is neither well specified nor consiséendss applications. Utilizing the header member
names from IMOD's implementation we use the following cédtions for computing pixel spacing and
origin:

Xorg
Porigin = | Yorg
Zorg
Xjen/MX @)
Vspacing= | Yien/My
Zen/Mz

The variablePyrigin andVspacing are 1TK’s definition. SpecificallyPyrigin is the world coordinates for the
center of the pixel at the zero index. The origin is importanote because there currently exists discrep-
ancies in how these attributes are interpreted among eliffepplications. The units ®pacingSpacing are
usually angstroms (13° meters) for MRC files, as opposed to~fOmeters, which is the convention for
DICOM. Other fields not needed in the header maybe verifieddaity, or ignored. Additional fields which
anMRCl magel O object does not use but have expected values may create mgvidiimportant information

is not handled correctly, such as thg, fields.

During image acquisition additional per slice informaticam be recorded in the optional extended header.
This information may include geometric information abog stage, magnification, exposure, etc. The
MRCHeader Cbj ect class contains public members to access data structuresdihi@in this information.
Correctly handling all extended headers is an area thatregllire future development for more types and
formats. The header object is placed into tkeaDat abi cti onary of thel magel Oobject and then copied

to the output image of t k: : | nageFi | eReader .

2.2 VTKImagelO

The VTK extension is a popular visualization file format, apdrt of the file specification is im-
age data (or structured point3)] Our work converted the existingTKI magel O class to utilize the

Latest version available at ttiesight Journal[ htt p:// hdl . handl e. net/ 1926/ 3171]
Distributed undeCreative Commons Attribution License


http://www.itk.org/Doxygen/html/classitk_1_1ImageFileReader.html
http://www.insight-journal.org
http://hdl.handle.net/1926/3171
http://creativecommons.org/licenses/by/3.0/us/

St ream ngl magel OBase base class, enabling streaming, and fixed a few known bugg &lhe way. In

this revision we paid special attention to matching the VTIK format specification. The VTK format
differs from the canonical view of &t r eam ngl nagel OBase derived class because the VTK format can
have binary and ASCII data. Because ASCII numbers can vachamacter length, random access is not
efficient and prevents streaming. Therefore®heer at eSt r eanabl eReadRegi onFr onRequest edRegi on
andGCet Act ual Number O Spl it sFor Wi ti ng methods were overloaded to exclude streaming in this case.
To show the utility ofSt r eam ngl magel OBase here is an excerpt froiTKI magel O : Read:

std::ifstreamfile;

i f( this->RequestedToStrean() )

i tkAssert Or ThrowMacro( mFileType != ASCII, "Can not streamwith ASCI|I type files" );

/'l open and stream read
t hi s->CpenFi | eForReadi ng(file, this->mFileNane.c_str());

i tkAssert Or ThrowMacro( this->CGet HeaderSize() !'= 0, "Header size is unknown...");
t hi s- >St reanReadBuf f er AsBi nary(file, buffer);

}

el se

3 Future Work

Our work provides the needed structure for future strearimgel Oclasses by separating the implementa-
tion of methods ini t k: : | nagel OBase that do not support streamingagel Os from those that do. In our
opinion this separation should be take further. Whileithk: : | magel OBase class must provide the stream-
ing I/O interface, its implementation should only direclypport the non-streamingagel Omethods. The
streaming implementation should be moved toSheeani ngl nagel OBase class.

In the future, mord magel O classes should enable streaming throughStheeam ngl magel OBase class.
Such revisions will help to ensure that t8ter eani ngl magel OBase streaming methods have a robust inter-
face suitable for a variety of purposes. The eagigsgel O class to upgrade would awl magel Othrough

the new stream enabled binary read and write methods. Howesygrading thei tk: : Ti f f | nagel O class
would be the most useful because of its popularity as annrediate format and because the implementa-
tion utilizes a library different from the classes presdrtere. Additionally, thei t k: : Met al nagel O class
should change its parent class.

4 Software Requirements and Usage
The latest bug fixes and features of ITK are needed for thesses to run correctly.

e Insight Toolkit 3.18
e CMake 2.2
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Fortheitk:: | mageFi | eReader anditk:: I mageFil eWiter classes to utilize the nelwragel Oclasses
they must be registered with thetk: : | magel OFact ory. Included with the distributed source code is
a Local Factory which can be used to override and register the factory fanstiof VTKI magel O and
MRCl magel O. Here is how to manually registering the factory:

itk::Local::Local Factory:: RegisterneFactory();
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