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Abstract

The University of lowa's Psychiatric lowa Neuroimaging Consortium (PINC) has developed a program
for mutual information registration of BRAI NS2 [2] data using | TK [1] classes, called BRAI NSFi t .

We have written a helper class, i t k: : Mul ti Modal 3DMut ual Regi st rat i onHel per to simplify im-
plementation and testing of different transform representations and optimizers. We have added a trans-
form meeting the | TK standard, i t k: : Scal eVer sor 3DTr ansf orm BRAI NSFi t is based on the regis-
tration examples from | TK, but adds new features, including the ability to employ different transform
representati ons and optimization functions.

Our goal was to determine best practices for registering 3D rigid multimodal MRI of the human
brain. A version of the current program is employed here at PINC daily for automated processing of
acquired brain images.
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1 Automating the Image Registration Process

We have developed a program for mutual information registration of brain imaging data using | TK [1]
classes. Our program, BRAI NSFi t , was based on an example program included in the | TK distribution,

I nsi ght / Exanpl es/ Regi strati on/ | mageRegi strati on8. cxx

This program is the most functional example of multi-modal 3D rigid image registration provided with | TK.
| mgeRegi stration8is in the Exanpl es directory, and also sec. 8.5.3 in the | TK manual.

We have modified and extended this example in several ways:

o defined a new itk Transform class, based oni t kScal eSkew\Ver sor 3DTr ansf or mwhich has 3 dimen-
sions of scale but no skew aspect.
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e implemented a set of functions to convert between Versor Transforms and the general
itk::AffineTransformand deferred converting from specific to more general representations to
preserve transform information specificity as long as possible. Our Rigid transform is the narrowest,
a Versor rotation plus separate translation.

e Added atemplate classi t kMl ti Modal 3DVut ual Regi strati onHel per which is templated over the
type of | TK transform generated, and the optimizer used.

e Added image masks as an optional input to the Registration algorithm, limiting the volume considered
during registration to voxels within the brain.

e Added image mask generation as an optional input to the Registration algorithm when meaningful
masks such as for whole brain are not available, allowing the fit to at least be focussed on whole head
tissue.

e Added the ability to use one transform result, such as the Rigid transform, to initialize a more adaptive
transform

e Defined the command line parameters using tools from the Slicer [3] program, in order to conform to
the Sli cer 3 Execution model.

e Added the ability to write output images in any | TK-supported scalar image format.

e Through extensive testing as part of the BRAI NS2 determined reasonable defaults for registration al-
gorithm parameters.

1.1 A new transform class

i tkScal eVersor3DTransform is a new |TK Transform class, which is a modification of
i t kScal eSkewVer sor 3DTransform to remove the skew factors from the transform.  The result
is a 9-parameter transform, comprising three dimensions each of rotation, translation and scale.
i t kScal eVer sor 3DTr ansf or mis particularly useful in registration of brain images, which commonly have
symmetric size variations in all three dimensions.

1.2 Conversion Routines for Versor transform types to Affine

We implemented a vnl _svd-based 3 x 3 matrix orthonormalization routine and use it when coercing our
i tkScal eVersor 3DTransformtoani t kVersor Ri gi d3DTransf orm In addition, we implemented assign-
ment functions for converting all supported transform typestoi t k: : Af fi neTr ansf or m This was originally
a requirement for integration with BRAI NS2, but could be used in other programs as well.

1.3 A helper class to build an ITK pipeline

The new class itkMilti Mdal 3DMut ual Regi strationHel per encapsulates the complete processing
pipeline for mutual information registration. This class is parameterized over the output transform type,
optimizer type, input image type and output image type. This class captures all of the code common to all
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forms of the Mutual Information Registration algorithm, such that only high-level configuration parameters
need be specified by the calling program.

This allows the Mat t esMit ual | nf or mat i on program to be a concise workbench for evaluating and using
different transform and optimizer types.

1.4 Using Masks for Registration

i tk::ImageTol mageMetri c and all of its descendents (i t k: : Mat t esMut ual | nf or mat i onl nageTol mageMetri c,
for example) can use mask images to limit the voxesl considered during registration to the relevant region

of the input and output regions. This can improve performance somewhat, both in time consumed and the
quality of the resulting registration. The origin | mageRegi st rat i on8 program didn’t include a provision

for using masks, so we added it.

Masks were so useful in obtaining a more accurate optimizing convergence that we added automatic gener-
ation of whole head tissue masks as well.

1.5 Using the Slicer3 Execution Model for command line parameters

The Slicer3 Execution Model is a way for a program to function as both a command line program, as as a
subroutine within the Slicer3 environment. The command line parameters are specified in an XML file that
includes documentation/help strings. This file is read by the Sl i cer 3 utility Gener at eCLP which generates
the code for handling the program’s command line. In addition to command line parsing, it can reproduce
the XML describing all parameters, which Slicer3 can us to build a user interface panel for the program.

1.6 Output Image Pixel Types

We added the command line parameter --Qutputl|magePi xel Type, which specifies one of
float ,short,ushort,int,uint,char, or uchar. The most common image pixel types for MRI brain scans
is 16 bit integers (bcodeshort) or unsigned 8 bit char (uchar ), but BRAI NSFi t internally uses single preci-
sion floating point pixels for the registration process. Consequently, by default BRAI NSFi t writes out images
with single precision pixels.

1.7 Tuning of default program parameters

The program presented in this project has been used for some time as part of the standard image processing
pipeline used at the University of lowa for brain imaging studies. Using image registration programs is in
general somewhat difficult because of the large number of parameters to the registration algorithm that need
to be tweaked to get meaningful results.

As a result of the lowa experience with using this MutualRegistration program, we have set program default
parameters to the set of parameters deemed the best behaved over the course of registering many scans. A
good registration fit is in most cases attained with no more program input than the fixed and moving image
file names and the output transform and/or image filename.
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Figure 1: Registration Inputs

2 Example Run

The BRAINSFi t distribution contains a directory named Test Dat a, which contains two example images.
The first, test.nii.gz isa N f TI format image volume, which is used the input for the CTest -managed
regression test program. The program makexf r medl mage. cxx, included in the BRAI NSFi t distribution was
used to generate t est 2. ni i . gz, by scaling, rotating and translating t est . nii . gz.

You can see representative Sagittal slices of t est. nii. gz (in this case, the fixed image, test2.nii. gz
(the moving image), and the two images ’checkerboarded’ together in Figure 1. To registertest 2. nii. gz
totest. nii.gz, you can use the following command:

BRAINSFit --fixedVolune test.nii.gz \
--novi ngVol une test2.nii.gz \
--output Vol ume registered.nii.gz \
--transfornmlype Affine

A representative slice of the registered results image r egi st ered. ni i . gz is in the center of Figure 2. You
can see from the Checkerboard of the Fixed and Registered images that the fit is quite good with Affine
transform-based registration. The blurring of the registered images is a consequence of the initial scaling
used in generating the moving image from the fixed image, compounded by the interpolation necessitated
by the transform operation.

You can see the differences in results if you re-run BRAINSFit using Rigid, Scal eVersor3D, or
Scal eSkewver sor 3D as the - - - -t ransf or niType parameter. In this case, the authors judged Af f i ne the
best method for registering these particular two images; in the BRAI NS2 automated processing pipeline,
Ri gi d usually works well for registering research scans.
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Figure 2: Registration Outputs

3 BRAINSFit Usage

3.1 Required Input Parameters

--fixedVol ume <fil ename>

The fixed image for registration by mutual infor-

mation optimization.

--movi ngVol une <fil ename>

The moving image for registration by mutual in-

formation optimization.

--transfornType <type name>

Specifies one of the four recognized

ITK

3D transform types used in parameter op-

timization
optimizes mutual information,

descent. BRAINSFit always

but the Kkind

of descent varies with the transform type.

One of

Rigid, Scal eVersor3D, Affine,

Scal eSkewVer sor 3D (default: Ri gi d)

3.2 Transform Configuration Parameters

--initializeTransfornbde <node nane>

--initial Transform <fil ename>

Determine how to initialize the transform.
CGeorret ryOn on assumes that the center of the
voxel lattice of the images represent similar struc-
tures. Morrent sOn assumes that the center of mass
of the images represent similar structures. O f as-
sumes that the physical space of the images are
close, and that an identity matrix initialization is
a good starting point. This flag is mutually exclu-
sive with the initialTransform flag. One of O f,
Monment sOn, Geomet ryOn (default: OFf)

Filename of transform used to initialize the regis-
tration
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3.3 Important Registration Parameters

--nunber Ol terations <int>

--nunber O Sanpl es <int>

--m ni nunBt epSi ze

--spatial Scal e

--reproportionScal e

- -skewScal e

<doubl e>

<doubl e>

<doubl e>

<doubl e>

The maximum number of iterations to try before failing to con-
verge. Use an explicit limit like 500 or 1000 to manage risk of
divergence (default: 1500)

The number of voxels sampled for mutual information com-
putation. Increase this for a slower, more careful fit. You can
also limit the sampling focus with ROl masks and ROIAUTO
mask generation. (default: 200000)

Each step in the optimization takes steps at least this big.
When none are possible, registration is complete. (default:
0.005)

How much to scale up changes in position compared to unit
rotational changes in radians — decrease this to put more rota-
tion in the search pattern. (default: 1000.0)

ScaleVersor3D ’Scale’ compensation factor. Increase this to
put more rescaling in a ScaleVersor3D or ScaleSkewVersor3D
search pattern. 1.0 works well with a spatialScale of 1000.0.
(default: 1.0)

ScaleSkewVersor3D Skew compensation factor. Increase this
to put more skew in a ScaleSkewVersor3D search pattern. 1.0
works well with a spatialScale of 1000.0. (default: 1.0)
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3.4 Result Configuration Parameters

--out put Transform <fi | ename>

--strippedCQut put Transf orm <fi | ename>

--patientlD <patient ID>

--studyl D <study name>

--out put Vol ume <fil enane>

- - out put Vol unePi xel Type <pi xel type>

- - backgroundFi | | Val ue <doubl e>

--scal eQut put Val ues

- -useW ndowedSi nc

3.5 Control of Masked Processing

Filename to which save the estimated transform.

estimated transform, stripped of scaling, to regis-
ter the moving image to the fixed image.

Identifier for the research subject. (default:
ANON)

Identifier for the scanner encounter (MRQID).
(default: ANON)

The (optional) output image for registration.

The output image Pixel Type is the scalar
datatype for representation of the Output Volume.
One of float, short, ushort, int, uint,
char, uchar (default: f| oat)

Background fill value for output image. (default:
0.0)

If true, and the voxel values do not fit within
the minimum and maximum values of the desired
outputVolumePixel Type, then linearly scale the
min/max output image voxel values to fit within
the min/max range of the outputVolumePixel-
Type. (default: false)

Use windowedSinc interpolation to create out-
put images. WARNING: This will add 8 min-
utes to the interpolation of the final image of size
256x256x256. (default: false)

--maskProcessi nghbde <node nane> What mode to use for using the masks. If
ROIAUTO is choosen, then the mask is implic-
itly defined using a otsu forground and hole filling
algorithm. Where the Region Of Interest mode
uses the masks to define what parts of the image
should be used for computing the transform. One
of NOVASK, RO AUTO, RO (default: NOVASK)

--fixedBi naryVol ume <filename> Fixed Image binary mask volume.

--movi ngBi naryVol une <filename Moving Image binary mask volume.
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3.6 Special Input Image Parameters

--fixedVol uneTi el ndex <int>

--movi ngVol umeTi el ndex <int>

--fixedVol umeQrigin <x,y,z>

--nmovi ngVol umeQri gi n <x,y, z>

--nedi anFi l terSize <x,y, z>

The index in the time series for the 3D fixed image to fit,
if 4-dimensional. (default: 0)

The index in the time series for the 3D moving image to
fit, if 4-dimensional. (default: 0)

The coordinates of the origin of the fixed image. (default:
0,0,0)

The coordinates of the origin of the moving image. (de-
fault: 0,0,0)

The radius for the optional MedianImageFilter prepro-
cessing in all 3 directionis. (default: 0,0,0)

3.7 Registration Debugging Parameters

--rel axati onFact or <doubl e>

- - maxi muntt epSi ze <doubl e>

Internal debugging parameter (default: 0.5)

Internal debugging parameter (default: 0.2)

3.8 System Debugging Parameters

--failureExitCode <int>

--writeTransformnFail ure

- - debugNumber O Threads <int >

If fit fails exit with this status code rather than 0. (default:
-1)

Flag to save the final transform even if the numberOflter-
ations are reached without convergence. (default: 0)

Explicitly specify the maximum number of execution
threads to use.



3.9 GenerateCLP Global Options

10

3.9 GenerateCLP Global Options

--processi nformationaddress <int>
--xm

--echo

--, --ignore_rest

--version

-h,--help

4 Software Requirements

Address of a structure to store process information
(progress, abort, etc.). (default: 0)

Produce xml description of command line arguments (de-
fault: 0)

Echo the command line arguments (default: 0)

Ignores the rest of the labeled arguments following this
flag.

Displays version information and exits.

Displays usage information and exits.

BRAI NSFi t depends on the Insight Toolkt, version 3.4 or later, and CMake 2.4 or later. See the build
instructions below; BRAI NSFi t is distributed with build scripts that can automatically retrieve the source
code for both | TK and Cvake and build them as part of the BRAI NSFi t build process.

You can also install | TK and Cvake separately and use the usual CMake configure-build-install process if

you are comfortable doing that.

The build script is written in the TCL scripting language, so Tcl needs to be installed to run that
script. Ready-to-install TCL binaries are available from tht p: //ww. acti vestate. comlactivetcl or
http://ww. equi 4. coml pub/t k/ downl oads. htni .

5 Building BRAINSFit

The normal steps for building and installing BRAI NSFi t are as follows:

e make a ’sandbox’ directory in which to build BRAI NSFi t .

e change to that sandbox directory

e Untar (or checkout from version control) the BRAI NSFi t distribution.

e run BRAINSFi t / Bui | dScripts/getbuildtest.tcl.

e Optionally, install the program

The following shell script accomplishes all these steps, except installation:

# Create a directory to hold source and build directory

mkdir -p BRAINSFi t - sandbox


thtp://www.activestate.com/activetcl
http://www.equi4.com/pub/tk/downloads.html

11

cd BRAI NSFi t - sandbox

#

# check BRAINSFit out fromthe N TRC svn server

svn checkout https://ww. nitrc.org/svn/multinmdereg BRAI NSFit
#

# run the build script.

tcl sh BRAINSFi t/Bui | dScripts/getbuildtest.tcl

6 Project Home on NITRC.org

The BRAI NSFi t project is hosted on http://wwv. nitrc. org, The Neuroimaging Informatics Tools and
Resources Clearinghouse. The project page itself is

http://ww. nitrc.org/projects/mltinodereg

NITRC is a project of the US National institutes of Health, started to give researchers access to neuroimaging
software tools. Every project on NITRC has a variety of resources presented on the project page: a source
code repository, bug tracker, mailing lists, forums, etc.

The most current source code (including the LaTex source files for this document) are always available
from the project page given above. Users are encouraged to register on the NITRC page, so they can ask
guestions, make feature requests, share use experiences, and contribute bug reports.
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