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Abstract

This note describes a software utility, called

- X-batchwhichaddresses two pressingissuestyp-
ically faced by functional magnetic resonance
imaging (fMRI) neuroimaging laboratories (1)
analysis automation and (2) data management.
The first issue is addressed by providing a sim-
ple batch mode processing tool for the popular
SPM software package (http://www.fil.ion.
ucl.ac.uk/spm/; Welcome Department of
Imaging Neuroscience, London, UK). The sec-
ond is addressed by transparently recording
metadata describing all aspects of the batch job
(e.g.,subjectdemographics, analysis parameters,
locations and names of created files, date and

Introduction

Processing of functional neuroimaging data
remains a computationally demanding and
labor-intensivetask. Neuroimaging laboratories
dedicatesubstantial, computational, and human
resources to perform sophisticated analysis

time of analysis, and so on). These metadata are
recorded as instances of an extended version of
the Protégé-based Experiment Lab Book ontol-
ogy created by the Dartmouth fMRI Data Center.
The resulting instantiated ontology provides a
detailed record of all fMRI analyses performed,
and as such can be part of larger systems for neu-
roimaging data management, sharing, and visu-
alization. The X-batch systemis in use in ourown
fMRI research, and is available for download at
http:/ /X-batch.sourceforge.net/.

Index Entries: fMRI; SPM; ontology; neurcimag-
ing; data management; analysis automation.

(Neuroinformatics DOI: 10.1385/NI:5:1:3)

required by such techniques as functional
magnetic resonance imaging (fMRI), event-
related potentials, diffusion tensorimaging,and
many others. In the case of fMR]I, analysis of an
individual subject’s datasetrequires several steps
of spatial/ temporal preprocessing, followed by
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statistical analysis of the resulting time series
of image volumes (Frackowiak et al., 1997).
Typical IMRIstudies require analysis of dozens
of subjects using one or more analysis proto-
cols. These requirements, together with the
need to eliminate human error during the
analysis, have resulted in many batch scripts
and utilities (for example, http:/ /www.fil.ion.
ucl.ac.uk/spm/ext/ provides a comprehen-
sive list of such utilities for SPM). More
advanced toolslink together, analysesaredone
by different neuroimaging software packages,
and provide advanced user interface, moni-
toring, and logging features, load balancing
and supercomputing capabilities, and so on.
Examples include the Laboratory of Neuro
Imaging (LONI) pipeline (Rex et al., 2003),
and functional imaging software widgets
(FisWidgets; Fissell et al., 2003), RUMBA (Bly
etal.,2004). The LONI pipeline providesa visu-
allyintuitiveinterface to data analysis whereas
also allowing for diverse programs to interact
seamlessly. FisWidgets is a graphical comput-
ing environment that provides a desktop style
framework into which approx 100 subcompo-
nents from a number of widely used fMRI
analysis software packages (e.g., AFNI, AIR)
are incorporated.

However, most of these utilities as well as
many other analysis automation and batch
processing tools, lack record-keeping or
“self-documenting” features. Such features
arebecoming increasingly important as neu-
roimaging scientists face the problems of
data management and sharing. Functional
MRI analysis generates a large volume of
data, together with associated metadata that
describe

1. demographic information such as age, gen-
der, and hand preference;
2. MRI scanner and coil parameters such as

magnetic field strength, scanner software,
and revision;
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experimental protocol details;
analysis parameters;
statistical results; and
logistical information.

o U W

Maintaining, managing, and organizing
such data, although very important for suc-
cessful processing of large fMRI studies, can
be burdensome. Many laboratories use basic
tools to manage this information, including lab
books or general purpose software tools such
as spreadsheets. However, these tools do not
scale up to the very large datasets generated
by neuroimaging, nor do they record dataina
manner that permits sharing.

These limitations were recognized by the
developers of the Dartmouth fMRI Data Center
(Van Horn et al., 2001) Experimental Lab Book
(ELB) who developed and made available a

* software tool that facilitates record keeping

and data management for fMRI studies. This
tool organizes fMRI metadata using an onto-
logical framework that not only acts as a con-
tainer for the study data and metadata, but
also preserves the relationships among data
objects. However, the data for the ELB must
currently be entered by hand, thereby decreas-
ing the likelihood that a researcher will go to
the extra trouble of using it.

In the current report, we describe a soft-
ware tool that combines batch processing
with data management. The tool, called
X-batch is a plugin for the popular SPM soft-
ware package. As.the program is being used
for batch processing of fMRI data, it auto-
matically and transparently records the infor-
mation in the ELB ontology, thereby
unobtrusively capturing analysis metadata,
whereas performing a time-saving task for
theresearcher. Inthe remainder of this report
we describe the tool, its use in an example
image-processing task, and the subsequent
use of the generated ELB for data manage-
ment and visualization.
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Materials and Methods
Design

X-batch was developed as a toolbox for the
popular SPM software package (SPM2; www.fil.
ion.ucl.ac.uk/spm). Like SPM, X-batch is
writtenin Matlaband is therefore platform-inde-
pendent. The Dartmouth fMRI Data Center ELB,
ontheother hand, isbased on the popular ontol-
ogy building tool Protégé (Gennari et al., 2003),
which represents knowledge as a semantic net-
work of classes (e.g., Subject, Experiment, and
so on), relationships (Subject participates-in
Experiment), and data asinstances of the classes
(Subject has-instance John Doe). Protégé is writ-
ten in Java, and exports a Java application pro-
gramming interface (API) that provides access
to the classes, relationships, and instances of
the ontology. X-batch accesses this API using

the Java interface provided by Matlab, thus, -

eliminating the need for the SPM user to know
that Protégé is running in the background. Like
X-batch itself, both SPM and Protégé are free
open source software packages.

The X-batch toolbox presents the user with
an easy to follow graphical user interface (GUI)
that conforms to the familiar SPM2 interface
(Fig. 1). The GUI includes custom components
thatareused to create/manage/delete instances
of such ELB classes as Subject and Protocol. It
is used, for example, to define preprocessing
and statistical analysis parameters or to show
the progress of data processing during the batch
job using SPM2 graphics. The latter can be dis-
abled, making batch processing faster, partic-
ularly, when it is being used remotely (using
remote X windows, VNG, or other tools).

The ELB ontology generated by X-batch is
saved in a Protégé-specific file format that can
be added-to in multiple runs of X-batch, can be
viewed by the Protégé ontology editor, and can
be converted to other formats using the Protégé
APL The original ELB ontology includes entries
for subject demographic parameters, scanner
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and coil, experimental design, and many oth-
ers. We extended the ontology by adding a sta-
tistical processing node (see Fig. 2) to captureall
parameters of fMRIanalysis performed by SPM,
and the results of this analysis saved in various
files (Fileset node). The statistical processing -
node captures the sequence of SPM processing
steps (Protocol node) as well as parameters and
options used at every step, including spatial
preprocessing (coregistration, normalization,
realignment, slice timing correction, smoothing,
segmentation) and statistical analysis parame-
ters (analysisdesign, image volumes, and regres-
sors used). This ontology class was designed
specifically to capture fMRI analysis as imple-
mented by SPM2. Functional MRI analysis can
also be performed using other software pack-
ages (AFNI, FSL, and so on) as well as other ver-
sions of the SPM software package, and therefore
a more comprehensive fMRI ontology would
conceivably require implementing classes for
each version of each software package, possi-
bly with a layer of abstract classes to capture
common features of all such classes.

X-Batch Use

X-batch was designed to automate spatial
and temporal preprocessing and statistical
analysis of fMRI data for individual subjects,
i.e., thefirstlevel of analysis. This kind of analy-
sis is typically the most labor-intensive part of
fMRIanalysis. Second level analysis is not sup-
ported at this time, but multiple sessions per
subject are supported. When invoked from the
SPM2 toolbox menu, X-batch presents the user
with the Protocol GUI(Fig. 1). Using this inter-
face the researcher defines and stores batch
processing sequences—analysis protocols—
without using any programming or scripting
language, and later runs these protocols as
batch processes. Previously defined—proto-,
cols are saved as instances in the ELB ontology,
and can therefore be viewed and edited in either
Protégé (Fig. 2) or X-batch. X-batch supports
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Fig. 1. Screenshot of X-batch GUI for creating a protocol.The X-batch toolkit can be invoked using the tool-
boxes pulldown menu of SPM2 (middle left panel). The X-batch top-level GUI allows a user to select the ELB
file and analysis protocols.The right panel shows the creation of a protocol called autism-4-4-norm. Protocols
consist of processing stages, each stage defined by its parameter set, and ordered by the user-entered num-
bers at the right. The researcher can reuse previously created parameter sets, define new ones, or use a com-
bination. Parameter sets are defined using the SPM2 user interface, which researchers are already well familiar
with. Once a protocol is created, it can be used to process any number of datasets from beginning to end.
When the user selects a protocol and presses the Run button, a Subject GUI is invoked that allows the user
to manage subjects and run the analysis protocol for any number of subjects.

multiple instances of ELB ontologies that can
be used, for example, to manage data for dif-
ferent experiments.

When the protocol is run X-batch organizes
the processed images into an appropriate

Neuroinformatics

directory hierarchy, with the analysis results
for each protocol saved in a separate directory,
so that results are not overwritten by running
a different protocol (note that SPM2 itself
will overwrite the results in the working
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Fig. 2. ELB ontology created while processing fMRI data with X-batch. Once created in X-batch the fMRI analysis
ontology can be viewed, studied, and modified using the Protégé ontology editor. The ontology generated by
X-batch is an extension of the fMRI analysis ontology of the ELB software developed at fMRi Data Center.
The ontology was designed to give a fairly comprehensive description of a typical fMR! experiment, and has
entries for patient demographics data, scanner and coil type, experiment description, and many others. For
X-batch the Statistical Processing node (highlighted) was added to capture the spatial preprocessing and
statistical analysis parameters entered in the X-batch GUI (Fig. | ). While X-batch performs the analysis sequence,
pertinent information is captured in the ontology. This information includes subject 1D, fMRI scan information,
including names and location of all functional and structural MRI scans, analysis protocol used, all analysis
parameters, processing date and time, and information about the analysis results, including names and loca-

tion of various files created during the analysis.

directory, if present). This makes it easy to
use multiple protocols to process the same
dataset. For example, we routinely useatleast
two protocols—one for processing the data in
patient-specific space, and another for pro-
cessing thedatainstandard space thatincludes
a normalization step. The locations and file-
names of the generated files are saved in the
ontology and can be utilized for data manage-
ment and further processing.
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Utilizing the Ontology

Once the ontology has been created Protégé
tools can be utilized to study and analyze the
ontology, and to format it in several ways,
including HTML for viewing on the web. In
addition, wehaveused the Protégé API toexport
the ontology in custom formats that permit its
integrationinto larger information systems. For
example, we have used the Protégé API to gen-
eratean XML file defining a patient-centric view

Neuroinformatics
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Fig. 3. Using ELB ontology to automatically create and populate workspaces for data visualization tool. One
example of the use of the ELB fMRI ontology is as input to a visualization tool. In this case, the figure shows
a snapshot of our 3D-visualization tool Mindseer with the dataset of one subject loaded. All pertinent data
are presented in a workspace (on the left) that is derived from the ELB ontology shown in Fig. 2. Mindseer
provides appropriate methods for viewing and handling the data of each category in the workspace, including
structural and functional image volumes, 3D models, 2D images, and 3D points and labels (last two not shown
here). For subjects that were processed using X-batch, we automatically create two workspaces—one for the
data in standard MNI space and another for the data in subject-specific space—by postprocessing the infor-
mation stored in the ELB ontology.

of the ontology. This file can be furthermore  addition, it has been used to process patient
processed to generate the inputrequired by our ~ datasets instudies of autism and dyslexia at the
Java three-dimension (3D)-based visualization =~ University of Washington. [t has been available
software called MindSeer (Moore et al., 2004;  onSourceForgehttp://X-batch.sourceforge.net
Fig.3).Ithasalsobeen used to generatean fMRI  since August 2004, and based on SourceForge
data source in a distributed data management statistics has been downloaded more than 180
system, we are developing that combines and  times. We would like to express our gratitude
visualizes multimodality data from multiple  to all users who provided feedback and helped
sources (Bales et al., 2005). usinidentifying and fixing the problems as well

System Status as improving X-batch software.

X-batch has been in use in our lab for more
than 3 yr for our Human Brain Project stud- -
ies comparing fMRI language activation with The primary contribution of X-batch is that it
cortical stimulation (Corina et al., 2005). In  combines solutions to two problems in a single

Discussion

Neuroinformatics Volume 5, 2007




Poliakov et al.

File Workspaca Help

Workspace:

[T} E19520-MN)
¢ [ Structural
T AT
P B mwE1952085
63 wE1952085
o (2 Other
¢ [CJ Mask
¢ [ Gray Matter
© D) wE1952085_segt
o~ (ZJ White Matter
o- [ Cerebral Spinal Fluid
¢ 3 Functional
? MR
¢ [ 10-Jan-2006 15:53:08
o [ E19520 Session 1_autism:
¢ ] 3D Model
¢ [ Cortex Model
D sur_wE1952085_seg!

D

1]

<] [ I D

Data Outside of Workspaca:

[ Unplaced Nades

surf_wE18520S5_seg1 |

Cutaway |

v

surf_wE19520S5_sey1 | Mapping |

a

Cutaway is on

Hauselp - FaceUp

©on Oor _ranam |

Edit Colorscheme

%ig. 3. Using ELB ontology to automatically create and populate workspaces for data visualization tool. One
sxample of the use of the ELB fMRI ontology is as input to a visualization tool. In this case, the figure shows
1 snapshot of our 3D-visualization tool Mindseer with the dataset of one subject loaded. All pertinent data
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application: automation of routine image-pro-
cessing tasks and data management. There are
many solutions to the automation problem,
ranging from batch scripts to advanced analy-
sis tools such as LONI pipeline, FisWidgets.
However, to our knowledge, few, if any of these
solutions save the results of these analyses in
a database. At the same time, there are many
solutions to the neuroimaging-database prob-
lem, ranging from local lab-management sys-
tems like our own (Jakobovits et al., 1996) to
central repositories such as the International
Consortium for Brain Mapping (ICBM) data-
base at UCLA (Toga, 2002a,b) the surface man-
agement system database at Washington
University (Dickson etal., 2001), the Biomedical
Informatics Research Network project (Grethe
et al., 2005), and the fMRI Data Center at
Dartmouth (Van Horn et al., 2001). However,
most or all of these systems require separate
entry and submission of image data and meta-
data, thereby adding an extra burden to the
individual researcher that often prevents him
or her from submitting data to the database.

The Dartmouth ELB is an attempt to reduce
some of this burden by allowing the researcher
to manage local lab data as a preliminary step
to automated upload to the central site. It thus
has the potential to satisfy the need of
researchers to manage their local data whereas
making it easy to upload data to the central
site. However, the ELB still requires manual
entry of the data in the local lab book, a bur-
den that in our experience is more than many
researchers are willing to put up with.

By transparently embedding the ELB within
abatchautomationtool wereduce oreven elim-
inate the burden of entering data, whereas pro-
viding a batchautomation facility thatis highly
desired by the researchers as it saves time and
reduces errors. Our own experience suggests
that this kind of transparent data management
is much more likely to be used than separate
data-management tools. Once the local data
arerecorded insuchasystem then they become
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much easier for a researcher who so desires to
either submit the data to a central repository
or to make the data available as a source in a
federated system. Thus, as transparent data
management is embedded in tools like X-batch
ormany of the existing image automation tools
there should be a high increase in the amount
of image data that are available for sharing
(Brinkley and Rosse, 2002; Koslow, 2002).

Information Sharing Statement

X-batch is an open source software distrib-
uted under General Public License (GPL) and
is available on SourceForge at http://X-
batch.sourceforge.net.
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