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Getting Started

Overview: About LONI Pipeline
The LONI Pipeline is a free workflow
application primarily aimed at
neuroimaging researchers. With

the LONI Pipeline, users can

quickly create workflows that

take advantage of any and all @..._
neuroimaging tools available. l

They can also gain access to the g-_w
supercomputing cluster housed P

at LONI, free of charge, or install m""""

and use the LONI Pipeline entirely

locally. 9““ @m

Benefits @*—m
The LONI Pipeline is a workflow i
application that allows users to [ -
easily describe executables in a

graphical user interface (ie. create -
a module) and connect them to

create complex analyses, without having to code a single line in a scripting language. Instead
of manually managing intermediate data in a script, the LONI Pipeline handles the passing

of data between programs and stores it in a cache directory. Once you’ve created a module
for use in the LONI Pipeline, you can save it into your personal library and reuse it in other
workflows you create by simply dragging and dropping it in. The same is also true of entire
wosrkflows.

Requirements

The LONI Pipeline is platform independent, thus the only computer requirement of the Pipeline
client is an installation of JRE 1.5 or higher, which can be downloaded from Sun (http://www.
java.com). In terms of memory consumption, it’s unlikely that you’ll need to worry about

having sufficient RAM to run the Pipeline. However, you will need to ensure sufficient RAM is
available if you choose to run the Pipeline from a virtual machine.
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Installation

Software Download
To get the latest version of the LONI
Pipeline, go to the Pipeline web site

(http://pipeline.loni.usc.edu) and PIPELIN
click on the download link in the e - Pt & Serv,
menu at the top. FialinerE A el

== + Fipsling Softas
= Download LONI Pipeline - Pipssine Wt Saart

v ERamriBanied Pipaling
Sareei

If you do not already have a LONI

Bpply for 5 LON Pipalins Collaborstor scoount + Pipsline BrainSaite

User Account, you will be asked i i i o B oMo el
v Wiorkfiger Mins

to create an account before you . B Vit
e

download. . Buse P

LONI Cluster Usage Account

When downloading the LONI

Pipeline, you are given the option a2,
to connect to the server running on
LONTI’s supercomputing resources
(available free of charge). By
choosing this option, you are e G Saed » &
prompted to complete an online Become a Collaborator

dir ey et 20 Sippey A0 beooms 8 P peling: Collaboaping Codlabormory el negplat cortitade N acteaten
Saseer il paate] ol Sy e el welh peed o O Tl 1 Bw

-

PIPELIM

form. This form is then reviewed and
you are notified of the status of your
account through email.

Please note that the approval - O
process can take up to one
working day.

Platform-Specific Installation

oS X

To install the program, double click the disk image file you downloaded, and drag the LONI
Pipeline application into the Applications folder. Once the program is done copying you can
unmount (eject) the disk image and throw it in the trash. To start the Pipeline, just go to your
Applications folder and double-click on the LONI Pipeline application.
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Windows
To install on Windows, double-click
the installer and follow the on-screen

LONI Pipelime Account Application

irveengaccrn muring L (M Pt ot i Complete T BpgaCatce
e Tra RECRCElas’s v DRTCREh MDA o

instruction. Once it finishes installing, e WO e W ek

you can throw away the installer

and launch the program by going to N —— q—
the Start menu->Programs->LONI : “ s AL,
Pipeline and start the program. ,_; T—
—— )

Linux/Unix sl
Extract the contents of the file to a o
location on disk, and execute the b1 € A DT
PipelineGUI script. Make sure you -
have the java binary in your path.

| — —

LONI Pipeline Page 3



Interface

Overview

The LONI Pipeline has an easy to use interface. Putting together workflows only requires
knowledge of your tools and your goal, instead of programming languages and scripts. While
your workflow is executing you can see exactly what step the Pipeline is currently on, and even
see the output of a particular step when it finishes instead of waiting for the entire workflow to

finish.

Data Source

®

The data to be
processed is input here.
Double click to set the
data path.

Software Module
Group

A

o 2

Software modules can
be grouped together to
simplify the look of your
workflow.

v

destination. Double
click to set the output
path.

N/

Play Button Clicking play will Pause Clicking on Pause will
initiate processing. The temporarily pause the
workflow will connect workflow. All running

l to the computer cluster jobs/instances will be
and process the stopped and their output
workflow. files will be deleted,

but not the outputs of
completed jobs.

Stop Clicking on reset will Reset Clicking on reset will
stop the execution and reset the workflow and
reset the workflow. All all temporary output
temporary output files files will be deleted.
will be deleted.

Data Sink Workflow results will Empty Output Modules also have
output to this module's Parameter Output Parameters, this

one is empty.

LONI Pipeline
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Software Module

Each module holds
a unique piece of
software.

Specified Output
Parameter

A 4

After an Output
Parameter is specified it
will appear as a darker
triangle.

Empty Input
Parameter

O

Modules often require
Input Parameters. An
empty parameter has
no value specified.

Connections

Lines that connect the
output of one module
to the input of another
module.

Input Parameter

A darker circle donates
an Input Parameter with
a value specified.

Optional Input
Parameter

Occasionally, Input
Parameter do not
require arguments but
offer them optionally.

Smartlines

A Smartline connects
two modules and will
automatically perform
the necessary file
conversion on the
output of the first
module in order to
ensure that the input to
the second module is of
the proper type.

Flow Control

Flow Control parameter
is used to ensure

the sequential
execution of modules.
Connecting flow control
parameters between
two modules enforces
a strict ordering on

the execution of these
modules.

Conditional Module

O

9

TRUE FALSE

Conditional Module

is used when the
execution path of
various inputs to a
workflow is dependent
on some criteria. Use
of Conditional Modules
makes the workflow
more dynamic.

Study Module

\/

Study Module
incorporates imaging
data and non-imaging
meta-data, and enables
queries, groupings and
construction of study-
designs based on user-
specified criteria.

Label

Software modules
and module groupings
have been labeled

to describe the
processing.

LONI Pipeline
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Data Sources & Sinks

Overview

Data Sources and Sinks are a simple way to take advantage of parallelization of data
processing. Users may specify all the files to be processed in much the same way one would
specify all the subjects in a simple loop. What’s more, the files can reside locally or remotely.
Please note that in order to specify remote files, or to remotely browse for files, a Pipeline
server must be running on the specified server.

How-to
Right click on the canvas Data Source The data to be
Choose new data source processed is input here.
’ Double click to set the
data path.
Data Sink Workflow results will
output to this module's
B | destination. Double
a click to set the output
- Srarch (TP T gt Lining A | path
e ——
» B [ [
pe— T
: :xﬂlw a1 A T
4 e
S -
-
'
- :p-l.nll @lﬁllm
* B ua A
: ::.‘:.:I':::; s I e i
: .'.f:'...:.h
e N
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All fields under the Module’s tab are
optional, including Name, Package,
Package version, Tags, Description,
website and comments

Click the Inputs tab

In the Input Data field, choose localhost
(for local files) or use the drop down to
specify remote server

Choose Browse

Choose Local Files to browse for local
files, or Remote files to browse for
remote files

Browse for file, click open

Repeat for all input files

Choose Data type (Directory, File,
Number, String, Enumerated)

For File, choose File Type

Click OK

Connect to input parameter

Find & Replace

This features is particularly useful for
data sinks as it allows you to cut and
paste input file names, and manipulate
them, thus creating explicit outputs. This
feature is similar to find and replace in
any text editing program.

+ Specify files to be processed using instructions above

* Choose Find and Replace

* In the Find field, specify string to search for (eg, .img)
* In the Replace field, specify string to replace the previous instance (eg _SkullStripped.img)

* Choose Replace All

NOTE: The above process is applicable to data sources as well as data sinks,
simply right click on the canvas and specify data sink.

LONI Pipeline
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LONI Pipeline Viewer

Overview
The LONI Pipeline now has a built-in visualization tool (LONI Viewer) that lets you view results

as soon as the execution completes. Simply choose Insert -> New Viewer on the top menu
or right click on the workflow canvas and select “New Viewer...”. You can give inputs to this
viewer by connecting the input parameter of the viewer to the output of other modules. When
the file is ready, a separate Viewer window will pop up with the file to display. You can exit the
LONI Pipeline, the Viewer will keep running until you close it.

Module Groupings:
A0 LOINI Viewer
File Help

BrainSurface...

|£_ :'} Brain Surface Extractor
™ -

\D LONI Viewer
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Beginning Example
Workflows

mage Processing wi Quantitative Imaging Toolkit - Denoising
This workflow demonstrates several options for denoising with the Quantitative
Imaging Toolkit (QIT).
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Registration Using AIR

Automated Image Registration

Reference Atlas I—

Source Volume

6 Parameter Registration

LONI Pipeline Page 10



Registration Using AIR

Introduction

In this simple workflow, a registration algorithm generates a transformation matrix
and applies it to move the source into the standard space.

1.Compare Source to Target 2, Apply Transformations 3.Reassemble Data

AR
.
EEE
EEEEEEE

£

Overview

This is a simple registration workflow. The structural MRI images are aligned to a standard
brain image by using AIR registration tools. To build this workflow follow the steps mentioned
on the following pages.
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Registration Using AIR

Select Align Linear

File Edit View Insest Execution Tools Window Help

Server | Parsonal ([o¢] Lntitied|

[search || Motule Groupings: ETTTTTI

Align Linear
AR
craniumlonbuclaedu

W

1) On the LONI Pipeline window, open the AIR package on the left side panel. Drag the
module labeled Align Linear onto the canvas within the larger right panel of the Pipeline
window.
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Registration Using AIR

Select Reslice

File Edit Veew [nset Execution Took Windew Help
Server | Personal | * Untited | #
[search | | Modute Groupings: T

Align Linear
AR
cranimmoniucla.edu

Reslice
AR
Cramiuim. ol uclaedu

@ Soft Hean (S4ut) 1
B ) Automatc Registraton Taokax

- Bionformatics
SR T T —

2) In much the same way we added Align Linear to the canvas, drag across the Reslice
module so that it is positioned below Align Linear.
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Registration Using AIR

Connect Align Linear to Reslice

File Edit View Insert Execution Toocls Window Help

;"‘_teard'l

= Untithed || 4=

[
&=

L [E L BranSutells

. @ Soft Mean (B-bit)
j,,, Automatic Registration Toaboo
|, Bonformatics

Module Groupings: [T

000

Align Linear
AIR
cranumJloni.ucledu

Reslice
AIR
cranitm.lonLucla.edu

L

3) Connect the two modules by left-clicking on the output triangle of Align Linear and dragging
the connecting line to the input circle of Reslice.

LONI Pipeline
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Registration Using AIR

Create Data Source

File Edit Wiew Insert Execution Tock Window Help

Server | Personal

|search

| | mosute Grovpings: TR

000

Align Linear
AR
TR L, e

Cut

Cogry

Copy with Input
Cogy Outpat
Paste

Sedect All

Show Parsmeter Mames
Varizhles
Workflow Propeies

Reslice
AR
cof niiamlonluclasdu

v

4) The two modules are connected, but we have yet to specify any names of input files or
destinations of output files. Let's begin with the inputs. Right clicking on the canvas will
display workflow options. Select "New data source..."

LONI Pipeline
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Registration Using AIR

Name Data Source

File Edit View Insert Execution Toolks Window Help

Server | Personal|

Search

Search

-

& Data Source -

I @ Fix Header

@ Fix Header (5+bit)

L @ Fuse

i @ Fuse (8-5it)

— il Gaussian smoothing
@ Gaussian smoathing (8-bit)
i il Tdentify

i @ Identify (3-bit)

{— i Invert AIR;

i ) Tnvert AIR (B-bit)

@ LONE DT Suite

- i Layout
@ Layout (3-bi8)

Magnify

—®
iy Magnify (8-bit)

@ Make Header

- i Make Header (34)
— i Overlay Mask
i il Overlay Mask (8-bit)

@ Reorient

i i Reorienk (3-4t)
i) Resize
- ) Resize (B-bit)
oM

@ Reshoe (341

|- @ Rashoe Warp
— i Reshes Warp (3-bit)

info | Inputs)|

Module Creation Diate: Tue Jun 12 18:39:06 AMST 2012
Module Desaibed by: Alen Zamanyan

Tags: .F"th‘f tags separated by commas.

EE

5) Adialog box "Data Source" appears on the screen, which has two tabs, namely Module
and Data.

Module

In this tab, we can specify the optional information about the input data. In order to distinguish
this source from others we will create, it is a good idea to complete the "Name:" field. Type in
"Standard Volume".

LONI Pipeline
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Registration Using AIR
Specify Input Data

Fig Fa Vops braen Doecutepn Toole

[P A A Dt Soamce
Serves | Bevmeal| ]} —— =
- Inde | Drpuiy
Tamh Sy pddreis e lon ks edy b O ek e
B P e 1

| Rine Workflcw Test Daca/Training/refersnce _sclas.img

Data
There are three components that are required to be completed in this tab.

Input Data Field: First we will need to specify that the data is stored on the servers at LONI.
There is a dropdown menu that appears for this field, which has two values, Local host and
cranium.loni.usc.edu. Choose cranium.loni.usc.edu

Test Field (Below the Input Data Field): Type in the full path to the file in the text area. In
this case, we will use the file stored at /usr/local/loniData/Pipeline_Workflow_Test_Data/

Training/reference_atlas.img

Input file Type: We need to select the input file type. Select (by checking) "Analyze Image"
and uncheck the file option (which is the default). Hitting the OK button will return us to the
workflow canvas.
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Registration Using AIR

Connect Standard Volume

to Align Linear

File Edit View Insert Execution Tools Window Help

Seanch

B “uroted || 4|

Standard Volume

cranimm.lomnd.ucla. eda

H oo

Align Linear
AR
cranium.loni.ucla.edu

Reslice

AlH

craniumdoniuclaedu

6) Connect the data source that we just created to the first input parameter of Align Linear,
labeled "Standard Volume." Do this in much the same way we connected Align Linear to
Reslice. Click on the empty triangle of the data source and drag into the first empty circle
above the Align Linear module.

LONI Pipeline
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Registration Using AIR

Reslice Volume Data Source

File Edit View Inset Execution Tools Window Help
Server | Personal| [ = Untited | 4 |
Search | Module Groupings: T

© FixHeader Z Standard Volume Reslice Volume
@ Fox Header (3-bit) cranium.oni.uclaedu cranmmmloniacla.ed

B Fuse

i Fuse (3bit)

@ Gaussian smogthing

B Goussan smoothing (B-bit)

@ Kentfy O

B Identify (3-bit)
@ Invert AR ” o
@ Iwert AR (B0it) Align Linear
@ LONI DT Suite AR

. Layout Cramuam. loniiacla.edn
i Layout (3-5i)

0 Magrify

& Magrify (34t)

A Make Header

i Make Header (8-hit)
@ Cverlay Mask

B Cverlay Mask (B-01)
i Reerient

@ Recrient [(5-bit)

@ Resce

@ Resce (3451}

e

) Resics (5-bif)

@ Reshoe Warp

Reslice
AR
craninmJoni.ucla,edu

D Resios Warp (B-hif)

@ Soft Mean

@ Soft Mean (3-bit)
) L, Automalic Regetration Tookbox
#- i Bonformatos
|- b BranSuite11a

7) Repeat steps four through seven to create a data source for the file that is to be aligned
to the standard. Call the data source "Reslice Volume" and specify the input filename
as /usr/local/loniData/Pipeline_Workflow_Test_Data/Training/source_volume.img.
Make sure to switch from localhost to cranium.loni.usc.edu and change the filetype
to Analyze Image. Connect the input to the second empty circle above Align Linear (the
parameter name is "Reslice Volume").
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Registration Using AIR

Model Number Data Source

- Data Source o
Info| Inputs |
Server address: :Incalhast - || Directory Source
11 ¢ -

Murnber of input items: 1

[ Find and Replace | Browse >

=T

8) Create a third data source by right clicking on the canvas and selecting "New data source..."

Name the data source "Model Number". In the Data tab, change the "Data type" to

"Number”. In the text area, enter the number 6.

LONI Pipeline
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Registration Using AIR

Select Optional Parameters

File Edm Veew [nsert Execution Took Wndow Help

Server | personl N EY
Wodule Groupings: [T
= ‘ée
0 Foxbe =
W vexisachy ) Align Linear
. Fume o
g i Hame Prefix Vakue
.mxm{&m} [ Standard Volume  (noos) < 1 Connection =
o idenufy [ Reslice Valume (Bong) 1 CONnEoon >
i Linsar Transforma. (noos) % | Connecticn =
) Tdentify (B-bit] 5 o = 7
:Mﬂ (48] | [ Theeshold Standard 1 [1MNumber
) LOKI 01 Suste | [ Twesnoid Restice 12 {fiNumBer
D Layout D Bilur Standard i { ViFfumper
@ Layout (8- Elur Reslice &2 {A\Number
B Magrify I 0 segment Standard &1 { 1IFfumbar
i Magrify (B-bit) [] Segment Reslboe i {1 Wumber
@ Make Header [ standasd Mask Vo =1 (1) Analze imape (im
" [ reslice Mask Wol. =2 (1) Analyze image fim
‘mmm‘“ [ spatisl nitiskization -+ (1) File
:MM“W ) spatial Termination @ 1) Fite
) Reoient . [ Seaing initistiration s 1) Fie
i) Reeavient (B-bit) [ Scaling Termination -as {1 Eike
@ Resze [ ssmplings - {HStving
B Resite (3485) [ comvergence Thr.. = {1 ANumber
e=m [ repested Rorstions -+ {1\Numbar
@ Resice (3] [ Halt Atter Steps Wi -+ {1 iNumber
@ Resice Wap 7 O use Bon-positivs 0. - Fiag
& Reshes Warp (3500 HMP—M{_ < Fiag
Non-intersction of .. - Fiag
:mm{&hl} [ verbose - Fiag
[} Automatc Regstration Toobax H;:mmm i :-.‘:p
- ) Berformatics i Function

9) For some modules, there are a number of options, which are optional, but highly
recommended. In the case of Align Linear, we will threshold the standard and reslice
volumes, along with blurring the reslice volume in order to achieve optimal results. To do
this, double-click on the Align Linear module to bring up a panel with the complete list of
parameters. In order to enable the optional parameters mentioned, click the box on the left
of the Threshold Standard, Threshold Reslice, and Blur Reslice.
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Registration Using AIR

Arguments to Threshold Standard/Reslice

File Edit View Insert Execution Toolks Window Help
*Untted | 4 |
Module Gioupings: [T

Search

) Fex Heacler

) Fox Header (B-bet)
) Fuse

) Fuse (345)

@ Gassian smoathing
) Gaussan smoothing (8-it)
B Ldenaiy

) denady (B-5t)

@ trrvert AIR

B Trvvert AR, [3big)
) LONE DT Suite

@ Layout

) Lavout (3-bit)

B Hagrity

B Magrify (i-it)

) Creerlay Mask [5-4)
@ Reeent

@ Rescent (B-5it)

D Resize

@ Rasize (3-0)

* T

i Reslos (B-bet)
D Reshos Warp
B Resor Warp (54%)
@ SoftMean
& SoftMean (3-bit)
. Musermatic Regatrateon Toabax
B formalics
BranSutells
QIRAlC
, Dxffumon Toolit

I
k
™
e
4
4

1o

L

Parameters

ﬁ Edit Value

Threshold Standard

The threshold for the
Standard Volume

defines & RinisuR voxel
value. Voxels in the
Scandard Volume with
incensicies below this value
are axcluded from analysis
when compuring cthe cost
function and ita
derivatives. The value
ahould always be an LRTE&JED
less than the maximum woxel
valus in che corresponding
file-

Wi Standard | (Mumibser)

e ol e s

Reslice
AR
or aniuamloniuc L edu

ice Volume . Mo
o uchaedu

10) Three new empty circles will appear above the Align Linear rectangular module. Double
clicking on these will produce dialog boxes, which we will use to specify arguments. In the
threshold dialogs, the parameters are described as such: "The threshold for the Standard/
Reslice Volume defines a minimum voxel value. Voxels in the Standard/Reslice Volume
with intensities below this value are excluded from analysis when computing the cost
function and its derivatives. The value should always be an integer less than the maximum

voxel value in the corresponding file.” If we were to be meticulous about it, we could

produce a histogram of the MRI data and find the threshold below which the values would
be considered noise. For most MRI data, 10 is a reasonable value. Specify this value for
both the standard and reslice files.

LONI Pipeline
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Registration Using AIR

Arguments to Blur Reslice Parameter

o= Edit Values

Blur Reshce

The Gaussian smoothing
filter for the Reslice
Volume. Smoothing filcers
are applied along the x, v,
and z axes of the Reslice
Volume before performing
regiscravion. The FWHM walue
apecifies the full widch ac
half maximum of the Gaussian
smoothing filter to be
applied along e=ach
dimension. The filters have
units of millimeters (or
whatever units you use Lo
specify voxel =izes in your
-ndr files). All chras
dimensions must be
specified. If you give a
value of zeroc, no smoothing
will be applied along the
corresponding dimension.

LONI Pipeline

ur Reslic

11) The description of the

blurring option states: "The
Gaussian smoothing filter
for the Reslice Volume.
Smoothing filters are applied
along the x, y, and z axes of
the Reslice Volume before
performing registration. The
FWHM value specifies the
full width at half maximum
of the Gaussian smoothing
filter to be applied along
each dimension. The filters
have units of millimeters

(or whatever units you use
to specify voxel sizes in
your .hdr files). All three
dimensions must be specified.
If you give a value of zero,
no smoothing will be applied
along the corresponding
dimension." The concept is
a simple one. In structural
MRI, the atlas is typically

an average of many subject
MRIs, hence, if visualized, it
looks blurry. A single subject’s
MRI is much crisper. In this
instance, simply blurring the
subject MRI may provide
better registration. So for a
voxel size of 1x1x1, blurring
at a rate of 3x3x3 should be
appropriate. Enter in the value
3 for each of the three text
boxes in the edit parameter
dialog box.
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Registration Using AIR

Data Sink for Registered Image

File Edit View Inzert Emecution Tools Window Help

server | personal| [ "t [ e

Sewrch | Module Groupings: [T
Search

' ; Reslme Volume .Mcdel
= BT = & E:::-E:rﬂuﬁigllume craniumboniucbuedu

“
Module Creation Dake: Tus Jum 123 15:53:21 AMST 2002
Module Desoribed by Alen Zamanmyan
Hasme:: Fiegestered Image| . P

Package:

Nign Linear

Faciage Version: ﬂﬂ
Tags: craniumloniuciaedu
¥ Mew L Module.
, Cut Maodule fram Help File...
Copy Data Source...
Copy with Input Data Sink...
Copy Output Shundy_.
‘Website: Paste
| Conditional_.
Citations I Show P
) someteNomes |
Wariables
‘Warkflow Properties Annstation...
} Inage...
[Lree ]

12) We can now proceed to specify the destination of the output of Reslice. Right click on the
workflow canvas, and select "New data sink..."

Module tab
Fill in the name field with the value "Registered Image."

LONI Pipeline Page 24



Registration Using AIR

Destination of Output File

File Edit View Insert Execution Took Wir
Server | Personal |

= Bbilsﬂink -
A il o

Sarver address: | cranium. loni uda.edu

Search

* | 7] Directory Dump

1] PipelineTraining/ {Susername)/registered images_&.img ° |

@ ragnify (8-t 1 | i ]*
HNumber of cutput ibems: 1

| FdandReplace || Browse > || Cewad |
Acceptable fie types
mg

Data type: |Fie -

i File types
[ Fesice | 0000, mg

@ Reshee (5-bit)
@ Resice Warp
0 Reshers Warp (B-bit)

_janalyze Image D

" lanalyze Image ©

& | Bonformabics

® EEE R
=
&
E
&

-8
it o o

Data tab

Select cranium.loni.usc.edu from the dropdown at the top of the window. The output filetype
is Analyze Image. In the text area, specify the output file as /ifs/tmp/pipelineTraining/
{$username}/registered _images_6.img. Hit OK and connect the output of Reslice to the input
of the data sink.
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Registration Using AIR

LONI Viewer

File Edit View Insert Exécution Tools Window Help

Server | Personal]

=gy

B-E-B-8-8-8-8

|
}

(3] = Liitied [L]

| Mosule Groupings: ETTTTTID

Standard "u"olume
l:l'.'h'lul’\l s el 2 et

of lafil Loy ol 2] B i

Rasllcc Volume . Model Mumber

Maodule...
Madule fram Help File...
[Diata Source...
Data Sink...
Study...
Web Service..
Conditional...
Wiewrer
Annotation...
| New r Image...

Cut ]

Copy

Copy with Input Registerad Image

e T NE L REEE L T

Copy Cutput

Paste

Select All

4 Show Parameter Marmes
Vanables

13) Finally, for visualization purposes, we will create a LONI Viewer module. Right-click on the

canvas and select "LONI Viewer..."

Hit the OK button and connect the output of Reslice to

the input of the viewer. Optionally, we can create another viewer and connect it to the input

volumes.

LONI Pipeline
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Registration Using AIR

Annotation Option

Reslice Volume ‘ Model Number

cranium.loni.ucla.edu

. Standard Volume ‘
cranium.loni .ucla.edu
UL,

Align Linear
AlR
cranium.oni.ucla.edu

Mew L Madule...

Module from Help File...
Cut
Copy Data Source...
Copy with Input Data Sink...
Copy Output Study...
Paste .
Web Service...
Select All .
Conditional...
Show Parameter Mames )
Viewer
Variables
Workflow Properties Annotation...
Image...

14) Optionally, you can create annotations by right-clicking on the canvas and selecting
“‘New annotation...”

LONI Pipeline Page 27



Registration Using AIR

Results

The results of this Pipeline Workflow would look like the 6 Parameter Registration image. The
Reference and Source Volumes are included for comparison.

Optionally, you could also increase the degrees of freedom to fit the source volume to the

reference even tighter. To get these optional results, in step 8, list the numbers 6, 7, 9, and 12,
each on its own line.

—

Reference Atlas Source Volume 6 quamgter
Registration

Other Options...
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Image Processing with the
Quantitative Imaging Toolkit -
Denoising

Input Raw

Output Noisy

[I—

Output Denoised
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Processing with QIT - Denoising

This workflow demonstrates several

options for denoising with the
Quantitative Imaging Toolkit (QIT).

This example demonstrates the use
of different denoising algorithms
on brain imaging data. Denoising
is an important preprocessing step
in most image analysis pipelines,
since even small amounts of noise
can impact the reliability and
accuracy of quantitative imaging
metrics. To demonstrate these
algorithms, we first add noise to a
brain image and then compare the
results of three different types of
denoising algorithms.

LONI Pipeline

Introduction

Input Raw

Output Noisy

Output Denoised
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Processing with QIT - Denoising

Workflow Overview

®
Input

localhost

VolumeNoise
Quantitative Imaging Toolkit
cranium.loni.usc.edu

XX X3

VolumefFilterMedian
Quantitative Imaging Toolkit
cranium.loni.usc.edu

»

Output Noised

VolumeFilterNLM localhost

Quantitative Imaging Toolkit
cranium.loni.usc.edu

VolumeFilterPDE

Quantitative Imaging Toolkit
cranium.loni.usc.edu

M 4

Output Median Filtered Output NLM Filtered Output PDE Filtered

localhost localhost localhost

Shown above is a simple workflow for testing denoising algorithms. The input dataset is a
T1-weighted MRI of a typical brain. First, synthetic noise is added to the image using the
VolumeNoise module in QIT. Then, three different denoising algorithms are applied to the noisy
image and the results are saved for comparison. Next, we will examine the different algorithms
and the important parameters.
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Processing with QIT - Denoising
Median Filtering

®
Input

localhost

VolumeNoise
Quantitative Imaging Toolkit
cranium.loni.usc.edu

(XX X1
‘:::2 VolumeFilterMedian

| -~ | Quantitative Imaging Toolkit
Name Prefix Value
ModuleName (none) VolumefFilterMedian

VerboseFlag (none) --verbose

DebugFlag (none)  --debug Output Noised

input s U e plumeFilterNLM localhost

0] window gsindav | ntitative Imaging Toolkit

D channel --channel  (|)Number . "

D - S (1) Fie hium.loni.usc.edu

O stice --slice (1)String 9000000

O threads --threads 5 VolumeFilterPDE
L output P Sl ion > Quantitative Imaging Toolkit

cranium.loni.usc.edu

Output Median Filtered Output NLM Filtered Output PDE Filtered

localhost localhost localhost

Shown above is the VolumeFilterMedian module from QIT. This algorithm is a simple statistical
procedure that denoises an image by examinging a neighborhood around each voxel and
replacing the image intentensity with the median value from the intensities in the neighborhood.
The window parameter specifies how far the neighborhood extends from a given voxel. We will
leave this on the default value of 1 voxel. There are other advanced options, included multi-
threading, slice-specific filtering, and channel specific filtering.
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Processing with QIT - Denoising

®

Input

localhost

...;.

—

(
N

|

¥

XX X

VolumeFilterMedian
Quantitative Imaging Toolkit
cranium.loni.usc.edu

Non-local Means Filtering

VolumeNoise
Quantitative Imaging Toolkit
cranium.loni.usc.edu

»

00000 Output Noised

AR localhost

‘“*12 VolumeFilterNLM

A Quantitative Imaging Toolkit

LEL Prefix Value
ModuleName (none) VolumeFilterNLM [ X LN .
VerboseFlag (none) ==verbose v0|umEFI|terPDE
DebugFlag (none) --debug Quantitative Imaging Toolkit
input ==input < I Connection > cranium.loni.usc.edu
[0 mask --mask (1) File
[ noise -=noise (1) File
[J bgmask --bgmask (1) File
[J bgsolids --bgsolids (1) File
\@ ’ [J channel --channel  (I)Number \_. ’
D slice ==slice (1)String
D patch ==patch 1
[ block --block 10 .
Output Medi{ @ n h 100 id Output PDE Filtered
localhost |:| adaptive --adaptive Flag localhost
D rician ==rician Flag
D threads ==threads |
L output --output < | Connection >
y

Shown above is the VolumeFilterNLM module from QIT. This algorithm is an advanced
denoising algorithm known as non-local means, which uses the similarity of image patches to
denoise the dataset. Each voxel is replaced by the weighted average of voxels from patches
throughout the image, where patches are weighted by their similarity to the patch around the
given voxel. The weighting is controlled by a noise level parameter h, which we set to 100.
There are other advanced setting for specifying the patch size, search procedure, noise model,
and multi-threading.
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Processing with QIT - Denoising

Anisotropic Diffusion Filtering

®

...‘.

VolumeNoise

)

C
InPUt ﬂ“‘\? Quantitative Imaging Toolkit
localhost ] cranium.loni.usc.edu
00 é

VolumeFilterMedian
Quantitative Imaging Toolkit
cranium.loni.usc.edu

»

Y
Output Noised
VolumeFilterNLM localhost
Quantitative Imaging Toolkit
cranium.loni.usc.edu
0000000
‘ﬂ{g VolumefFilterPDE
B Quantitative Imaging Toolkit
Name Prefix Value
ModuleName (none) VolumeFilterPDE
VerboseFlag (none) --verbose
DebugFlag (none) ==debug
\_. input -=input < | Connection >
D mask ==-mask (1) File
D channel ==channel (/)String
lambda --lambda 0.0l
Output Median Filtered Output N @« -k 100000.0 pd
localhost localhost steps --steps 50
anisotropic =-anisot... Flag
quadratic --quadra... Flag
D recurse --recurse Flag
L output ==output < | Connection > )

Shown above is the VolumeFilterPDE module from QIT. This algorithm is an advanced
denoising algorithm based on partial differential equations that can smooth the image while
preserving details. The algorithm models the image as a physical domain in which diffusion
occurs anisotropically, where magnitude and direction of diffusion depends on variations in
intensities throughout the image. The diffusion is controlled by parameters lambda, k, and
the number of iterations, which we set to 0.01, 100000, and 50 respectively. There are also
options for specifying a mask or specific channel for filtering as well.
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Processing with QIT - Denoising

Results

Shown below are results from running the workflow showing the relative performance of the
three algorithms in removing the noise added to the image.

% bed 2 ¥
g d,—’
—

“Output Median
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Intermediate Topics

associated with any WOrkriow.
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LONI Image Data Archive

Overview

The Pipeline has the capability to utilize data from the LONI

Image Data Archive or IDA (https://ida.loni.usc.edu). The gﬂ‘::ﬁi? I D A
Pipeline takes advantage of our cluster nodes to download files 0

in parallel from the IDA database. This improves download time

drastically, and you don’t have to keep connected to the server

during the download. You
can also enable metadata
so that metadata files will be
downloaded along with data
as a Study design module.

In order to establish a
connection to the database,
go to Tools > IDA Database.
Enter in your IDA username
and password and click
Connect. You will see on the
right hand side the data that
you have access to through
the IDA.

Select the files that you
want to process with the
Pipeline, desired file format
and path for the files to be
downloaded. Data can be
downloaded on to remote
server or locally to your
machine. If destination is
remote, check the Remote

box and specify server name.

If you want to download
metadata as well, check the
Include metadata option and
select destination server.

Click on Create Module, a
new workflow is created.
This workflow will have an
IDAGet module and either a
data source (if metadata is
not downloaded) or a study

LONI Pipeline

L) IDA Database
[ Help )
Select files from the LONI Iemage Data Archive (IDA) e
Username i 104 Collegtions |
¥ B My Collections |
st (13) |
kL ADKI (476}
b L] LPBA_X Sept2009 (TOL1)
B L ADNLMRI_PostProcessed_09 (27400
f_ Disconnect \ ¥ [ Shared Collections
* L AD-bI=3.0T {41)
{ Refresh List ) » [l MCI-se-1.5T (413)
L AD-pL2-1.5T (144}
——
J Regenddate Ky | * L AD-sc-1.5T (202)
¥ ol Mormal-1c-1.5T (237)
» L Mormal-bi-3.0T (1)
File Formar: () As Archived ) ANALYZE (O NIFTI () MINC
Downdoad To: W Remote server cranlum loniuclacdu E:l
5‘! Include metadata (use Swdy modulel
H Remote server | cranium loniuclacdu :I
DA Database $ umﬁ
[ Hela
Sedery fleg e e pinay L0k bvaor Caari Aol Pt TE0WD
Lhiername _
v .
|

__.ﬂ“”nkﬂ-mw i

jﬁ‘ DA feguest Suceiiful, :

7

)

T
A Archived (00 ANALYEE [T NIFTT £ ) MINC

Macina domwmlogs Complent {_Comewt ]
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module (if metadata is also
being downloaded). Once
you create this workflow the
metadata files alone are
downloaded to a temporary
location.

You will notice that the output
of the IDAGet module has the
file type you specified. You
can now connect this output
to the input parameters of
any module in your workflow
and execute the workflow.

As the first module of the
workflow begins to execute,
the data will be downloaded
and will be directly passed
on to the following modules.
The data and metadata files
downloaded are temporarily
stored and will be deleted if
you reset the workflow.

The data can also be
downloaded to a permanent
location from IDA database.
To do this create a data sink
and connect it to the output
of the IDAGet module. You

can either list the output items

or use directory dump and
specify an output directory.
After successfully running the
workflow, you can copy this
data sink and paste it to any
workflow, right click on it and
choose “Convert to study”
option. The data sink will be
automatically converted to

a study module with proper
inputs. To reuse this data set,

you can simply copy this study

module to your workflow.

LONI Pipeline

9 IDA Series a IDA Series
L

craniumdoniuclacdu
IDAGet IDAGet
craniumdonludcaedu craniumlaniuclaedu

S— — J—

| ot

IDAGet

®.-

3D Multi-modality B-spline Deformable Registration

im

5

ndamnoni sl s .edu

—_a
e |

®
I XXX -
I] Auto Parsing Inverse Deformation Fleld
cca " IT™®
rami o ] 8 adu J Lrg SATFT N TV g W T I

g

1

Deformation Fleld Warpping

IR

"Yh

il | s

avwepgeom
FaL 4.0.3

or amivrrUboni ucl e sdy

!j IDA Series

cranium.loniucla.edu v
# cranium.oni.ucla.edu

Edit values...

Rotate R

.H
Delete ®
' IDAGet
cranlumdJdonluca.edu Cut
Copy

Paste
Select All

!{’ cranium.onl.ucla.edu
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Change Server for Entire
Workflow

Overview

The Server Changer option in the Pipeline allows one to reset the server associated with any
workflow. All data, binaries and workflows have servers associated with them. One of the core
features of the Pipeline is the ability to have input & output files and binaries on remote servers
as well as your local computer; all within a single workflow.

How-to

» Under Tools, choose Server Changer

« Under Select, choose either All Servers, _IEEEV*@W Insert __Execution Window Helj

Modules, Data Sources or Data Sinks to | | J IDA Databa§e
narrow which servers to reset @ Grammar Vlew_
 In the Select window, choose the server . Provenance Editor

Image Viewer

to be replaced
Server Changer

» Choose whether you'd like the change to
be applied to parameters as well

» Use the drop-down menu to specify the
server to be changed to

» Click Change, followed by Close

.4' Input Raw V

Annm Server changer

This kool allows you to change servers of multipbe modules and paramaters in your workflow

Select | AN components :f':-] Eﬂhannenlrams

] cramium.oniuscl.. -"ﬂ { Change )

localbhost

cerebro-ish 1data.cluster boni ucla edu.

cerebio-divioniuclaedu

cerebro-lshé data.cluster bonluclaedu

cranium-betaleniuclaedu

cerebro-lihs data.cluster boni uclaedu 8008 (&
+ eramium.lenisclaede hd

H-

P
(reip ) Close )

NOTE: You may change servers to and from servers you have
connected to at least once.
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Intermediate Example
Workflows

DSI Analyses
DSI (DICOM/NIfTI) images are reconstructed and fiber tracks are generated

for TrackVis.

Image Processing with the Quantitative Imaging Toolkit -
Tractography Metrics

This workflow demonstrates how to extract whole brain tractography metrics
from a diffusion-weighted MRI dataset with the Quantitative Imaging Toolkit

QIT).
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fMRI First Level Analyses
FSL FEAT
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fMRI First Level Analyses

Introduction

Generate first level analyses fMRI results on a single subject.

Overview
1. Combine functional velumes 2. Skull Stripping This workflow is a simple
single subject, first level
fMRI analysis. The workflow
features FSLmerge, BET (in
case the data is not already
skull stripped for non-
skullstripped data) and first
level FEAT analysis.

Test data is available in the
LONI Pipeline Library from
the Buckner et al 2000 study.
The experimental stimulus

is a simple checkerboard
flicker. For every subject
there are 4 runs and in each
run there are 2 conditions. In
this workflow, we are using a
single run from one subject.

3. Registration 4. Define model

5, Create Activation Map
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fMRI First Level Analyses

Before you begin...

Before we begin, a design file is required (design.fsf) from FSL FEAT. You may
need to launch FSL FEAT to create a design file—the LONI Pipeline can edit items
in an existing file but cannot add new items, such as more experimental variables
to a design file. The included, pre-made design.fsf file is a single subject with 2
experimental variables. If your experiment matches, you can just use the template

included. However, if your experiment differs from this, you will have to create your own
design file in FSL FEAT first.

w waergend LTEEAT POl

il La % FEAT - FURI Expet Analysis Tool w398

Py FRL 414 pt LF 5 I
EVy | Comasts & F-tests |
Erdimur analsh — | Fulanans —|
Numizerof orignal Evs [T 8
r Lisg FILM prawhiining S | :
- Baith il AR LS i Hadel Basicibaps Sosve _.|
EET &7 ¥AAS0N g e el = l:,_—_l'
o= Medal 4BL0 wizerd | oz ]
il i i3l E TR |
M -
FLIIT linear reg statizn Pnobli | el 2 #
AT PYF anvaksit Gopafers) F1OR
LY. = | B L Cormmhdles,  THNms ..-I
FOOT ciTuson Pronue (5] o |
T — Go| See| load| Ex pop | e sogvE [0 4
4 sl Weanlmgisl [E &
a2 | Aty
M| EBa | Hep ! F fppy wmpor fiterng

Miww cesign | Eficeroy | Cone j!
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fMRI First Level Analyses

3D to 4D FSLMerge

1) To begin, open the LONI Pipeline. Click on new workflow. Expand the FSL folder in the

Library on the left and select FSLMerge. Drag the module to the empty canvas.
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) FiLSwaplrn (ndgad
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fMRI First Level Analyses
Specify 3D Files

2) Right click on the canvas and select a data source from the Pipeline Library “One
Functional Run”.

Sparch e Groupings: I 0

| ke gy
Ll B ot e
¥ [ Moduln
& B ara
=
b [ msste
b BraknSusinDa
¢ [ DAl e

bl Dot Teoma et

Ly Lt
8 MY inign FSLMerge (nil.gz)
M Caeroir 0T (R GE FiL
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A TURT (e Eul
o FHAC ini g o Dz gink
B PRChangallinyps indgad B Pantn Study.,
i PR amplis (hi. g Salpct AR -
:T:.-leu#: & -Seye ‘W b Comaganagl
i PRIdniade ind g
[ R T
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fMRI First Level Analyses
Specify 3D Files

3) Choose all the 3D fMRI files for the subject. Connect the output of the data source to the
input of FSLMerge.

- NaNa

ﬂ.,\ul th
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B FiLisserieave inige

i PlLkatha (nilgsh
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fMRI First Level Analyses

Concatenate 3D Files Across Time

4) Double click on the “Concatenation Type.” Select -t in the drop down menu.

One Functional Run

eranlumulonluda.edu

Concatenation Typa | (Enumerstsd)
Concatenation Type

Specify the type of concatenation to be agplied.

The following can be ch ‘

=X Cencatenate images in the x direction,

~¥: concatenate images n the y direction.

-z concatenate images in the z direction.

-1 EGnCATEnEte iFages in tme.

=& auto-choose: single slices -> volume, volumes ->

cranlurmdanicia.edu

4D [t $eries)
O st

.J -X a

¥
| -z
——

£ [ Cancel ) m

L — T
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fMRI First Level Analyses

Brain Extraction

5) Choose FSLSwapDim and BET (nii.gz) modules. Drag them to the canvas. Right click and
select New data source, name it “T1Anatomical’. Select the T1 Anatomical data of the
corresponding subject. Connect all the 3 modules, Data source to FSLSwapDim and FSL

SwapDim to BET

B One Functional Run

eranlum. Joni.ucla.edu

Y
-\\ N

kL

FSLMerge (nii.gz)

T Anatomical

cranlumlonl.ucla.edu

F5LSwapDim (nii.gz)
FiL
cranium.oniucla.edu

L
e

@ BET (nil.gz)
FSL
cranium.lonl.uclaedu
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fMRI First Level Analyses

Specify the Atlas and the Template Design

6) Right click on the canvas and create two new data sources. Name one “MNI Atlas Space”.
Double click on it a Select the MNI Atlas, which will be used as a reference. Name the
second source, “FSL .fsf Design file.” Select the design file created using the FSL FEAT

interface.
FSL .fsf Design File T1 Anatoenical NS A Space
IRt craniumJoniudsedu cranlumJlonlucli.edu
‘ o8 e
@ FSLSwapDim (nii.gz)
::‘:ﬂlum]ﬂﬂl.u“l.tﬂu
@ BET (nii.gz)
::ILHII.."I‘\JOI"llJuClI..{'dIJ
L eeee— N —
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fMRI First Level Analyses
Update Design File

7) Select the FSF Update Module under the FSL library. Drag it to the canvas. Connect the

data source “FSL .fsf Design file” to the empty circle that says “Template FSF design file”.
Double click on the FSF Update Module and select all the other optional parameters.

i Ly
¥ i o ankem o schiada

B 5L .f51 Design File
-

e

' MNI Atlar Space
T e .

. Orne Functional Run
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fMRI First Level Analyses
Update Design File

8) Connect the “MNI Atlas Space” data source to the corresponding empty circle on the FSF
Update Module. Connect the output of BET to the circles labeled, Subject High Resolution
Anatomical and Subject Structural Image for Analysis. Connect the output of FSLMerge to
the corresponding circle.

. FSL .fsi Design File . S, . :rl-:l:‘ .rll:l:: .ff'_""'
R e T L T

. One Functional Run ] ‘J_}
@ @snmm {nil.gz)
FSLMearge (nilgz) el

@ BET (nil.gz)
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fMRI First Level Analyses
Update Design File

9) For this analysis, we have two experimental variables. our Number of TRs is equal to 128.
We will create four data sources to update the fsf design file. Name the first data source
“‘Number of TRs.” Enter 128. Connect the Number of TRs data source to the FSF Update
module’s input parameter that also reads “Number of TRs”.
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fMRI First Level Analyses
Update Design File

10) The next two data sources can be named Experimental Variable 1 and Experimental
Variable 2. Double click on each of the Experimental Variables and select the
corresponding timing file (a text file which has information about the onset times and
duration of the stimuli).

The third data source can be named “Output Directory”. Use this data source to set the
path location to your final results directory.

Connect all the modules to the respective empty input parameters in the FSF Update

module. To do this, drag a line connecting each of the above-mentioned data source
output parameters to the corresponding input parameters on the FSF Update module.

1 : ™ MHI Atlas Space
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- - ¥ e we lwrd s b
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fMRI First Level Analyses

Add Optional Parameters

11) If you are using a new design file rather than the template we provided (see the section
before step 1, “Before you begin...”) you may now have to add a parameter to the FSF
Update module. For instance, if your design file has three Experimental Variables,
rather than two, you would need to
right click and edit the FSLUpdate

module. Under the parameters tab,
add a new parameter and name it

“Experimental Variable 3 File Name”. | ‘

Rotate
| Delete =
|
| Copyicon {r3c
- =l 500 -
e— N
- LM Pipeline
T |8 * FlickerADesign_iMRipipe  * |
Seaech Mocdule Groupings; [T T et ]
A Ic Do) A MedelCefaitos
i FELCkangelivtype indge - e -
. | Inlg -~ Purgmeten (zecution
W FELCamplnn dnigai .M,. jberrvical .Hlﬂau:n Tpata
B FLCpteominagn iy T ——
M ISUCrmatn Meadhor (ML -Style Furamuser Mura: Rl "‘"*ﬂ
o b of TR m
B FELLSm esder kg2 e |
LT - PO T — n; m
W rsUneiea iniiga Tk 01 STt Vo 5 Weaek Ho7 ARabei A =
b FELMuzhy (ri g - . -
™ m Taparimancsl Waristis T Tdeaime ]
B rsltagedfininrm SR ird - 'S ™
=) Rawares | Add )
) FELSpl indgn T =
M PSS | gt
B Pzl irsga Destriptiaon B
B FEUVAl inapr geerirraraal Vamabis | Faie
i MCFLIRT (ri i . - seplpiegies
» EEPLYY b Exparimantal Yariable 1 Fils
M " =iy
L L'I_I"""" 3 Tyge { rda ) WAk i qumeml B Spene aher smack
B 'iin!b.ﬁ!’t--mu-&m...‘
* Lo Assupraie Te rypes .
+ [ LA DT Saie a . \ Cin 3 Rumdies of i grrscrly v
+ [ LoAa Seaivss P B Lperid 1 E' i
= [ FRpe— Dunapaens Ry e
= [ Peauc i ' A i
* [ ShaTosh 1D 1o ) ifinine
T g D LD -]
I M e e
b L AAL I i il L
» AR {_ ki iy afra
w s L | hrhe [ HAD |
» fon i e = hvaniel.. |
» B
=]
» @wwon (e} ((Cancel ) (0
* LM
& [ Mt B —————————————
* Bl Poismeiom
[ ul'_.l - 1
W - LN ] Lt
e — ——

LONI Pipeline

Page 55



fMRI First Level Analyses
Setup FEAT

12) Select the FSL FEAT module under the FSL suit and drag it to the canvas. Connect the
output of the FSFUpdate module to the FSL FEAT module.
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fMRI First Level Analyses
Re-run FEAT

13) If you would like to re-run the analysis on the same subject with the same parameters, you
can simplify the workflow as shown in the picture below and described as follows. Double
click on the FSFUpdate Module and uncheck all the parameters, except Template FSF
Design File, Updated FSFDesign File and Output Directory. Delete all the modules that
are not connected to the FSFUpdate module. The input to the FSL Design data source will
now be the updated design file created in the previous workflow (this has been saved as a
separate design.fsf file in the results directory). Next specify the output directory path and
run the new workflow. This simplified workflow will save you from having to run through the
steps of updating the template design file again.

F5L .fsf Design File
o 'e

andurrdoni.ucly e

',..H' F5L FEAT Results Output Directory

@ FSFUpdate

i
@fﬁ‘f‘ﬂ
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fMRI First Level Analyses

Results

——

Raw Input

Results

Data for this workflow was graciously provide from:
Buckner RL, Snyder AZ, Sanders AL, Raichle ME, Morris JC (2000) “Functional Brain Imaging of Young,
Nondemented, and Demented Older Adults", Journal of Cognitive Neuroscience, 12 Supplement 2, pp. 24-34.
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DTl Analyses

Introduction

This workflow creates white matter tracts for viewing in TrackVis from DTI files.

Overview
In this workflow, DTl (DICOM/NIfTI) images are reconstructed and fiber tracks are generated

for TrackVis. Diffusion toolkit command-line tools are used to build the workflow. Individual
command-line tools are available as modules in the pipeline library. To build this workflow

follow the steps below.
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DTl Analyses

Copy DTl Recon and specify the input

1) Start by opening a new

workflow. Expand the
Diffusion Toolkit folder
under the Library and

choose dti_recon module.

- DTI 4D NIFTI file
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DTl Analyses

DTl Recon Optional Parameters

2) Connect the data source to the RAW_DATA and the OUTPUT_FILE_PREFIX input
parameters in the dti_recon module. Double click on the module and choose the following
optional parameters (Pic3).

output type: this is always set to nii

b-value: this is set to 1000 based on the data that is used.
number_of b0: 1 for this dataset

axial: flag

oblique_correction: flag

padding: is set to 4

start_number: is set to 1 . DTI 4D NIFTI file
NOTE: These options are for the dataset % T —
that is used in this example. It can be
changed according to any dataset. “
l E ® 0O 00 = x00
dti_recon
M..lllllillh..-.lun Taal Kit lon Tool Kit

muleniudasdu

RAW DATA
OUTPUT FILE P..
sutput_type

[ gradient matrix
b_vahie

|
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g {10 NIT by i

2EEE
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DTl Analyses
DTI Tracker

3) Click on dti_tracker module in the
library and drag it to the empty canvas.
Double click on the module and enable
the following optional parameters
(Pich).

Input_type: choose nii option only.
angle_threshold: enter the value 35
mask file

Connect the output parameters, dtioutput
and dti_dwi in the dti_recon module to the
input parameters, INPUT_DATA_PREFIX
and mask file in the dti_tracker module.

. DTI 4D NIFTI file _
o7
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D|m.| sion Tool Kit
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N
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DTl Analyses
Spline Filter and Output TRK file

O R [ ¥ Untitied ) Untitied—~ + |
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4) Choose and drag the spline_filter module and connect the output of the dti_tracker module
to the INPUT_TRACK_FILE parameter in the spline_filter module. Choose value 1 for the
STEP_LENGTH option. Save the output of the spline_filter as a data sink or simply specify
the file path. To save outputs at intermediate steps you can add data sinks and specify the
file path.
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DTI Analyses

Results

The results of this workflow is a DTl Track file that can be used in TrackVis
program for further analysis.
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DSI| Analyses

Introduction

This workflow creates white matter tracts for viewing in TrackVis from DSl files.

Overview

In this workflow, DSI (DICOM/NIfTI) images are reconstructed and fiber tracks are generated
for TrackVis. Diffusion toolkit command-line tools are used to build the workflow. Individual
command-line tools are available as modules in the Pipeline library.
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DSI Analyses
Copy ODF Recon and Specify the Input

1) Start by opening a new workflow.
 sen | ke Groupings: EERTTIT Expand the Diffusion Toolkit
i Ly ' folder under the Library and

¥ il cratium-Betideai utlasde |
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;iumrﬂlnputitm: 1
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DSI Analyses

ODF Recon Optional Parameters

Y orani

.4[: D51 NIFTI Files DS Matrix
=31 1:58]
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BAIA0020a000

[=.]%
B
L |

]
it
i

2) Connect the data source to the RAW_DATA and the OUTPUT_FILE_PREFIX input
parameters in the dti_recon module. Double click on the module and choose the following
optional parameters,

Number_of Directions: 125 (for the data set being used)
Number of output directions: 181
3) To enable optional parameters, double click on the module and choose the following,
matrix
Number_of b0: enter value 1 (this is for the data that is used here)
No tensor output flag
dsi: flag
axial: flag
padding: enter value 4

NOTE: These options are based on the dataset that is used in this example.
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DSI Analyses

Specifying the Gradient Matrix

4) One of the input parameters in the odf_recon module is called the gradient_matrix. This
matrix contains the directional information of the data that is used. This matrix can be saved
or copied from the diffusion toolkit interface Gradient table option. For this example we
use 125x181 directional matrix. Create a data source or double click on the parameter and

enter the path to this file.
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DSI Analyses

ODF Tracker Optional Parameters

5) From the library click on odf_tracker module and drag it to the empty canvas. Double click
on the module and enable the following optional parameters.
- Input_type: choose nii option only.
- angle_threshold: enter the value 35
- mask file
- dsi
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DSI Analyses
Connect the ODF Recon to the ODF Tracker

6) Connect the output parameters, dsioutput and dsi_dwi_mask in the odf recon module to
the input parameters, RECON_DATA_PREFIX and mask file in the odf tracker module.

4D DSI NIFTI Files . DSI Matrix

DSI DSl

cranium.loni.ucla.edu cranium.Jdoniucla.edu

udf_remn
Dll‘fu.-lnh ToolKit
craniumJdeniucla.edu

—_—

w

odf_tracker
Diffusion ToolKit
7 cranium.loni.ucla.edu
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DSI Analyses
Spline Filter and Output TRK file

7) Choose and drag the spline_filter module and connect the output of the dti_tracker module
to the INPUT_TRACK_FILE parameter in the spline_filter module. Choose value 1 for the
STEP_LENGTH option.

8) Save the output of the spline_filter a data sink or simply specify the file path.

NOTE: To save outputs at intermediate steps you can add data sinks and specify the file path.
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DSI| Analyses

Results

The results of this workflow is a DSI Track file that can be used in TrackVis
program for further analysis.
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Image Analysis with the
Quantitative Imaging Toolkit -
Tractography Metrics

I —
Input DWI Output Tracts
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Analysis with QIT - Tractography

Introduction

This workflow demonstrates how

to extract whole brain tractography
metrics from a diffusion-weighted MRI
dataset with the Quantitative Imaging
Toolkit (QIT).

Tractography is the process of
reconstructing connections within

the brain using diffusion-weighted
MRI, and it has many applications in
the study of the brain in health and
disease. The reconstruction includes
multiple steps that are demonstrated
in this workflow, including image
processing, modeling, and quantitative
analysis. In the following pages, we
discuss the various modules, describe
their usage, and explain the user-
defined parameters.

name value

FA_mean 0.42116827120463535
MD_mean 6.674245965633795E-4
AD_mean 0.0010048445945556716
RD_mean 4.98714597520515E-4
length_mean 56.57902718425814
num_curves 291463

volume 820295.0
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Analysis with QIT - Tractography

Workflow Overview

x PR R P q J’
4 0N X
Bvecs ’ ; .

i ‘:b—/_.,' i Track Density
o B -8 —»
Bvals L p M /’\. Tractogram
’ Preprocessing Tratography ’

Track Statistics

Shown above is a simplified workflow for whole brain tractography reconstruction. The input
data includes a diffusion-weighed MRI and associated b-vectors and b-values. The output is
a track density image, a 3D tractogram, and a statistical summary of the results. There are
many modules involved, but for simplicity, they have been grouped into two subsets for image

preprocessing and tractography analysis. Next, we examine each of these module groups and
their constituent parts.
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Analysis with QIT - Tractography

Image Preprocessing

"

VolumeDwiBaseline VolumeBrainExtract

Quantitative Imaging Toolkit Quantitative Imaging Toolkit
cranium.loni.usc.edu cranium.oni.usc.edu

VolumeFilterNLM VolumeDwiCorrect GradientsCreate
Quantitative Imaging Toolkit Quantitative Imaging Toolkit Quantitative Imaging Toolkit
cranium.loni.usc.edu cranium.loni.usc.edu cranium.loni.usc.edu

Shown above is the module group for image preprocessing. Diffuson-weighted MRI is
susceptible to a variety of types of imaging artifacts, particularly noise and motion, and
this workflow is designed to help reduce the effects of these artifacts on the tractography
reconstruction. The modules include steps for denoising, motion correction, and brain
extraction, which are described in detail next.
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Analysis with QIT - Tractography

Denoising

—) VolumeFilterNLM
( Quantitative Imaging Toolkit
Name Prefix Value

(@) ™ ModuleName (none VolumeFilterNLM .
\:’ VerboseFlag Ef --verbose VolumeDwiBaseline VolumeBrainExtract
DebugFlag (none) --debug Quantitative Imaging Toolkit Quantitative Imaging Toolkit
- input --input (1) NIFTI GZ (niigz) cranium.loni.usc.edu cranium.loni.usc.edu
@ O mask --mask (1) NIFTI GZ (niigz)
E noise --noise (1) File
bgmask =-bgmask (/) File .
O b:::lids --bgsolids (/) File ‘rect GradientsCreate
O channel --channel (/)Number Toolkit Quantitative Imaging Toolkit
O slice ==slice (1)String cranium.loni.usc.edu
O patch --patch |
O block --block 10
h --h 30
O adaptive --adaptive Flog
rician ==rician Flag
threads --threads |
output --output < I Connection >

Shown above is the VolumeFilterNLM module from QIT. This algorithm is an advancing
denoising algorithm known as non-local means, which uses the similarity of image patches

to reduce noise in the dataset. This is an important step for improving the reliability of
tractography reconstructions. The amount of denoising is controlled by a noise level parameter
h, which we set to 30. There are other advanced setting for specifying the patch size, search
procedure, noise model, and multi-threading.
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Analysis with QIT - Tractography

Motion Correction

; ol
( ®
VolumeDwiCorrect ‘ °

[

L] <\ Quantitative Imaging Toolkit

o Name Prefix Value . - .

NCT o) voumeowicoreee | OlumeDwiBaselineVolumeBrainExtract
/.\ VerboseFlag (none) e hoce biantitative Imaging Toolkit Quantitative Imaging Toolkit

>< DebugFlag (none) --debug anium.loni.usc.edu cranium.loni.usc.edu

\. input-dwi --input... < | Connection >

input-bvecs ==input-... (/) File
input-bvals --input-... (1) File

VOIumeFilterNLM | output-dwi --output... < | Connection > Ieate
LJ P!

Quantitative Imaging Toolkit (4 output-b stput... < I C > g Toolkit

cranium.loni.usc.edu L output-bvals --output... < | Connection >

Shown above is the VolumeDwiCorrect module from QIT. This procedure for correcting intra-
scan motion of the subject during the imaging session. A diffusion-weighed dataset is made
up of many individual scans, each with different acquisition parameters. This module corrects
for motion among these scans by registering them to the first scan using FSL FLIRT. The
b-vectors are also related to the orientation of the scan, so when there is a rotation between
scans, the b-vectors are rotated to reflect this as well.
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Analysis with QIT - Tractography

Brain Extraction

¢) VolumeBrainExtract

{  Quantitative Imaging Toolkit

N >_\ Name Prefix Value
( VolumeBrainExtract

(none)
VerboseFlag (none) --verbose
DebugFlag (none) --debug

input ==input < | Connection >
frac --frac 0.3

output --output (/) NIFTI GZ (niigz)

VolumeDwiBaseline
Quantitative Imaging Toolkit
cranium.loni.usc.edu cranium.loni.usc.edu

VolumeFilterNLM VolumeDwiCorrect GradientsCreate
Quantitative Imaging Toolkit Quantitative Imaging Toolkit Quantitative Imaging Toolkit
cranium.loni.usc.edu cranium.loni.usc.edu cranium.loni.usc.edu

Shown above is the VolumeBrainExtract module from QIT. This procedure for extracting

the brain from the MRI, which is needed because the skull and other non-brain tissue can
negatively affect tractography analysis. This uses the FSL BET algorithm, which uses a
deformable surface model that is automatically fitted to fit the boundary of the brain. The most
relevant parameter is the fractional threshold, which we set to 0.3.
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Analysis with QIT - Tractography
Tractography Analysis

VolumeTensorFit
Quantitative Imaging Toolkit
cranium.loni.usc.edu

VolumeModelTrackStreamline
Quantitative Imaging Toolkit
cranium.loni.usc.edu

CurvesMeasure
Quantitative Imaging Toolkit
cranium.loni.usc.edu

CurvesDensity
Quantitative Imaging Toolkit
cranium.loni.usc.edu

Shown above is the module group for the tractography analysis, which takes as input the
preprocessed diffusion MRI, gradients, and brain mask. This process performs image
analysis to produce geometric and statistical models of the data. The module group include
steps for diffusion modeling, streamline integration, and data mapping, which are described
in detail next.
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Analysis with QIT - Tractography
Diffusion Modeling

0000000
fi.:? VolumeTensorFit

Quantitative Imaging Toolkit
Name Prefix Value

ModuleName (none) VolumeTensorFit

VerboseFlag (none) --verbose

DebugFlag (none) ==debug

mask ==-mask (1) File

‘ gradients --gradie... (/) File 5

input --input (/) File ikreamline
clamp ==clamp (1)Number

method --method wilis

(O which --which  ([)String

[J exclude --exclude (/)String

D shells ==shells (1)String

D baseline --baseline Flag

output --output < | Connection >

00 ‘

CurvesMeasure
Quantitative Imaging Toolkit
cranium.loni.usc.edu

CurvesDensity
Quantitative Imaging Toolkit
cranium.loni.usc.edu

Shown above is the VolumeTensorFit module from QIT. This algorithm fits a diffusion
tensor model to the diffusion-weighted signal in each voxel of the imaging data. This model
summarizes the pattern of diffusion using an ellipsoidal shape that reflects the primary
orienation of white matter fibers, as well as indices of their structural integrity, such as
fractional anisotropy (FA). There are many ways to fit tensors, and in this example, we
specified wlls (weighted linear least squares) using the method parameter.
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Analysis with QIT - Tractography

Streamline Integration

VolumeTensorFit
Quantitative Imaging Toolkit
cranium.loni.usc.edu

CL? VolumeModelTrackStr... * il
a | Quantitative Imaging Toolkit
" Name Prefix Value

ModuleName (none) VolumeModelTracks...

VerboseFlag (none) --verbose

DebugFlag (none) --debug

input ==input < 1 Connection >

Y K ) |:| model --model (/) File

|:| seedMask --seedM... (/) File

D includeMask ==includ... (/) File
Curve| [J excludeMask --exclu...  (]) File Density
Quantita| [J stopMask -=stopM... () File ive Imaging Toolkit
cranium.| [J trackMask S () bni.usc.edu

D samples --samples |

D angle ==angle 45.0

|:| step --step 1.0

[ min --min 0.075

D length ==length 0.0

[ rimit --limit 2000000

interp --interp  Trilinear

rk =-rk Flag

D arclen --arclen 0.8

D threads --threads 3

L output ==output < 2 Connections >
7

Shown above is the VolumeModelTrackStreamline module from QIT. This algorithm extracts
three dimensional curves (or tracks) from diffusion tensor imaging. This algorithm works by
first randomly placing many seed points in the image volume and then by propagating each
seed along the primary diffusion direction exracted from the tensor in each voxel. The process
terminates when diffusion tensor indices indicate the track is leaving white matter or turning
too sharply. There are parameters for the seed density, termination criteria, and other aspects.
We mostly used the default settings, but we changed the interpolation method to Trilinear and
the integration type to Fourth order Runge Kutta. Following this, the curves are discretized to
produce a track density image, and statistics are collected to summarize the number of tracks,
their volume, the average length, and the averages of diffusion tensor indices.
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Analysis with QIT - Tractography

Results

Shown below are results from running the workflow, including the input diffusion-weighted
MRI and the output tractography, track density image, and statistical results. The tractography
curves can be visualized using QIT, and this process can be repeated for many subjects to
conduct a group analysis.

Input DWI

Input DWI

name value

FA_mean 0.42116827120463535
MD_mean 6.674245965633795E-4
AD_mean 0.0010048445945556716
Output Tracts T . RD_mean 4.98714597520515E-4
length_mean 56.57902718425814

Output Density num_curves 291463

volume 820295.0

Output Stats
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Analysis with QIT - Tractography

Output Tracts

Output Tracts
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Advanced Topics

Provenance in the Pipeline context equates to history. There are 3 categories
of provenance in the Pipeline: Data provenance, binary provenance, and
execution provenance.

Adding Metadata

The “add metadata” button is a feature inside regular data sources that
extends its functionality, allowing you to incorporate imaging data and non-
imaging meta-data together, enable queries groupings, and construct study-
designs based on user-specified criteria.

Conditional Module
This module is used when the execution path of various inputs to a workflow is
dependent on some criteria.
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Building a Module

Overview

A module is a simple XML descriptor used to define a binary. When connected to LONI’s
computer cluster resources, the LONI Pipeline will automatically download the library of
modules available on the cluster.

Although advanced users may prefer to create their own modules run their executables locally
or on their own computing resources, having this list of modules is a great place to begin.

How-to
+ Right click on the canvas
e« Choose New Module
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nan ndocidi Dafokion Optional Actions

(info | Parameters _Execution | « Click Executable Authors button
[ Module _Provenance | * Click Add
Modube creation date: Mos Apr 13 12:33.58 FOT 2010 - * Enter Name, email, and website
o o M (o information
B =70 . Repeat for all Authors
Package ' ] » Repeat for ‘Module Described by’
Packigs Verike Executabl orsicn button
e ' * Click OK
Dyt « In the Name field, enter the name of
ANO Edit Authors the binary
BT webine + In the Package field, enter the name
Wi F - of the software suite
5 * In the Package Version, enter the
R | — version number of the software
* In the Executable Version, enter the
M TRogerweedr 1 version number of the executable
| O g uci edu « In the Tags field, enter keywords for
R e the software (eg registration, skull-
- Chee ) (Cance ) (00 stripping, tissue classification)
* In the Description field, enter the
- — description of the functionality of the
binary
— (il ﬁmum\ *In thg website field, enter relevant
m Provenance | website
Miodule creation date: Mon Aug 28 12:14:19 PDT 2006 »
Executable Authars:  Roger P. Woods | _—
Mlasduile Described by: Allam Mackenrie-Graham : ! |
Hama: “lign Linear | 2
Package AlR (" Remaove icon
Package Version: &25 | ExecutableVersion: g a0 |
Tag registration, linear
Description: This is a general imear intramadality registration tool
imithin or across subjects, 2000r 300, The wser can ﬂ]
specify ary of a variety of models, including rigid-body,

affing, or perspective.

The program will generate a air file that can be wied 15

reshice the specified reslice data set 8o match the 1X
Webisite hetp:/ [ bashopwloniucla.edu JAIRS falignlinear. himl r;_i
Cinatioms { Edm )
e
PROD: D4 48779
ERRD: 3443780
oo ) (o) oD
i ——
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B85 Citations
 Cirations | Add ) |[Woods, RP., Grafton, 5.T.. Holmes, C ), Cherry, 5.R., and

Woods, BP., Grafton, 5.T., Holmes, C).. Cherry, S.5., and Ma_.

fiuldis=)
Mazrziomna, |.C. (1998a). Automated image registration: |

General methods and intrasubject, intrarmodality validation. )

——
| Remove | \Comput Assist Tomogr W22, 135-152

Help

PMID: 944E77D

(
| Cancel

) ook

Click Edit in the Citations field
Click Add

Enter either the Digital Object Identifier or the PubMed ID

Click OK
Click the Executable tab

Enter information for Binary, BinaryConfigOptions, Compiler, SystemConfig, Operating
System, Library, Library Compiler, Libary System Config, Library Operating System &

Library Config Options

Requwed Options

Click Add under the Parameter Name field
Double Click on New Parameter 1 and
specify name of parameter (eg Standard File)
Choose Required if this a required parameter,
else, it is optional

Choose Input if the parameter is of type input,
else, it will be output

In the Description field, describe the
functionality of the parameter

In the Switch field, specify the required flags
(eg -m)

Choose whether the switch required a space
to follow or not

Choose the type of parameter being
described, the options are Directory,
Enumerated, File, Number, and String

LONI Pipeline

’
& Module Definition ﬂ'
Infa | Farometers | Evenson | Metadata |
P et P T Saate Bequred St
- Fie _E'\Hl-ﬁl o
] [Fis Erabied o
K Fie Erusied o
d Fi [rusiesd [ ]
._ o Crm o Reroren | drad |
[ | Tranak [
Ecripton of B parame o
P f S At A e
@ [ 15 Uirkngwn
Command Ine prefa Accrphakie fle typey
i :
o Put space after prefs Fie pes Extensiors  heeds
o -
| L ._m.r: e}
10 Fle .ID
30 Fle ]
P Ml Dews
o]
fie bk
L] -
s P alicrme e
re Header -] [
Hen o || cancel
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Specify the number of Arguments the parameter expects

« For Enumerated, click Add, double click on value, specify value (NOTE character, strings,
or numbers are acceptable; enumeration equates to a drop down menu when selecting the

parameter with predefined values)

» For File, please choose the Acceptable file types for the parameter by using the search
option (eg search analyze and choose one of the file types) NOTE: You may create your

own file type.
« Choose Edit file types, click the + icon
» Type the name of file type (eg, Analyze Image)
* In the Description field, include a description
* In the Extension field, included appropriate extension (eg .img)
* In the Needs filed, include dependancies (eg .hdr)

= Module Definiten ot
[ Infiy| Parameters Ewecubion | Metsdsts
Parame e Hame Type Skabe Requed  Input
a e _1'.- et ¥
- Gy Fravin ¢
f sng Erabied | [ |-
rput File Erutbled o W )= N
Ere = e N - 800 Manage File Types
[ e | 3 Remore o [ Fille types Extentions Name
T 10 Fite ]
Gane'l | Deerdh —= r s
= | . 30 Fille o 1) L
Desription of S parameter 10M file Idm
AP file b
AFNE File afini Type
AP file BRIK
AR filg air
g S ot Analyze Header hedr
o 1 Based on: |8 - Anakype Hesder (=
Analyie Image 30 irrig
g prit et o Analyst Image 40 ima + £, hdr. HEAD
< (]
o] Put space after pref File bypees Extensiors  Nesds : -
AP e bei = —— f———y
et e : (e ) Cance ) (0w
Cutpt i o bt e sigremetrics File ormetis |
| Analyre Header | | =]
Anatyre Image jmg e
ARCT Fle et
oed | =] |
it _b-‘F:.rI = |
Gt Bt |
= b e
Help o |[ e
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Adding additional parameters [ toduie deiniion =)
Choose Add in the Parameter [Info| Parameters | Executon | Metadata)
Name box. If the file is required | Parameter Name Type State  Requred Input
for the binary to execute, choose 2 : e
Required, else, it's considered €
optional, and users may elect to :
use the parameter. If the parameter ; KRemove | dradd |
is an input, choose input, else, the General | Dependencies | Transformations | Metadata
parameter is considered an output. Description of the parameter
As with each parameter, one must
specify the type of the parameter.
The acceptable types are File, Number of parameter arguments
Directory, String, Character or §| O © uniknown
Enumerated. With type File, please Comemand ine prefix Acceptable fle types
specify the expected file type; for *i
example, analyze image, as the ] Pt apon= ety prcfl Fie types (Extensions  Needs
dependancy of an analyze file with J;;cmm I
a header (.hdr) is the preserved. : = i | I
This is required when moving files oM adm
from and to various directories for T B
execution. AR e Jar .
abgnmetrics File {bgnmetrics |
Epnsoetasde i |-
) o) [ cans

Specify dependencies and manipulate file names

The LONI Pipeline allows you to specify dependancies between parameters. For example,
if using MNI's -segment (part of mincmath) one must also specify -const2 to specify a min
and max range to extract. Select the parameter, then click Advanced, the in the Select
Dependencies window, choose Needed for the required parameter, click OK.

Additionally, the Pipeline allows for file name manipulations. For example, using -m
(provide skull stripped mask) which is a part of FSL BET will result in <root_name>_mask.
img & <root_name>_mask.hdr files being generated in the same directory. If one were
then to connect the output to another module, and execution error would occur. In this
instance, choose the parameter, click Advanced, provide the Base (this is the parameter
name whose base you’d like to manipulate, choose the Transformation (append, prepend,
replace, subtract), choose the text to Find, and the text to Replace the text with, and hit
OK. This will result in the type of transformation specified.

* In the Program Location field enter the full path and binary name (eg /usr/local/air/bin/
alignlinear)
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General | Dupengences| Transformasons | Metadata)

Remive

| Inclurle iranslormed parameter on cosmand ine

[ ]

(o= ][ comad ]

» Choose remote and specify server if
binary resides on a remote server

NOTE: A Pipeline server must be
running on the specified server in order
for the client to connect Choose the
Show Advanced Options to change the
memory limit or the stack size limit.

LONI Pipeline

& Medule Definition

| Info | Parameters | Execution | Metadata|

Program Localon: | b fecha
Server address: | eranium o st edy

[ <<tde Advanced Options |

Advanced Options
Grid specific variables

Value

|136m

fsome jpath

M1 Job
[ Requres external retevork access

[] Preserve file names for user-spedfied input files
[] Use separate drectory for each job instance
[] Abwarys use cuter product multiphcation

&=

2E

o [ concd |
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LONI Pipeline Provenance

Overview

Provenance in the Pipeline context equates to history. There are 3 categories of provenance
in the Pipeline: Data provenance, binary provenance, and execution provenance. Data
provenance is a snapshot of the state of the data pre & post manipulation by a binary. Binary
provenance is a record of all the factors influencing the creation of the binary, examples of
which include the OS, the compiler used, the library dependencies, and the optimization flags.
The execution provenance is a record of the list of executables the data has gone through.

How-to
+ To generate a provenance file, go to File, choose Workflow Properties
« Under Provenance, choose Generate Provenance Files

LOMI Pipeline I Edo Veew  Imen Execution  Tool  Window  Help w o

[Ta¥. P el REnd e

a e ot 50 ranied [ i | 4
Dieri Recent ® —

B Dpan From b Breepinge: [EEOTTTEN

"
» B s "-'"'"; — L

v — — [ Workflow info Parameters |

f:u-

.l:f.':_l.aui Rulri s

——m——ia — Workflow Described by: Alen Zamanyan, Shruthi Che.. W~ —

workflow creation date: Tha jen 11 13:29:55 POT 2009

Hame: Sk IEpping

Patkage Training
: //7 Package Verilon T

EEEEEEEEE
T EELLE:
- -

- O

o Tags: shulstrig, fs1, brainsuite, bet
Oy T
L ———
= [ Lo
[ Mg Dyt Trompiaty
o s s

= FSL, drdl AN packages. The i of the pracaii i 1 pirtarm

FELMah s skt ivipping along two distinet paths and to compare the
m s reiult in Srder 1o deberming the Batter of the Bed methodi,
As a first step, we ran the raw braie wolsme throwgh bath
Brain Surface [xtractor and BT, which execute unigue
akulitigping algorithms, The erocess then splits e oo T

Websive kg fpipelae basd gl ad | @
Provenanie:
. e . A Generate Provenance Files

Description: [Thas workilow combines comporerits from the ErainSuite, m

[ -
I L]
[P I——
[T IS —
Branion WA 19, i
Ange i phons Lumg B8

L eem— Ciationa E

EMAD: 15501032
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WA A

T [ " Untitled (@) " Untitled  + |

» Frovenances [ Data Prenvenance
. Bl Provenance Field Walue
¥ B Untitled [Tue Apr 20 153718 POT 2010)
° Reorient_0.OwiputRecrienbedViolumse
" Reorient_Obnput
Executabls Provendance 1
Fiekd Walue
Binary -
BinaryMame .
BinaryWVersean
BinaryDescription
. BinaryPackage
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Tk BinaryConfigtiptians
CompiationTims
ance Template Comesesl "
WS Coampiler |
ﬂﬂll. I e v el e I.:
e
suite Heterogent
Pro<essing
_MKC_55_wor
am Using AR
% Execution Completed. (Duration: 1:100
_i—‘TTll Show results

» Execute workflow
« The Pipeline now generates a .prov file
for each file generated by a binary

IDA Database

« Download this file Grammar View
« Under Tools, choose Provenance Editor Provenance Editor

! Image Viewer

Server Changer
T

—— —-
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» Under provenance, expand the directory
» Under Data provenance, you will find all metadata stored in the header
+ To edit or add any additional field, choose the + icon
+ Choose Category or field, edit accordingly

» Under Executable Provenance, you’ll find all binary provenance
» Click on Show workflow, this will generate the Pipeline used for processing the data
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Adding Metadata

Overview

The “add metadata” button is a feature inside regular data sources that extends its
functionality, allowing you to incorporate imaging data and non-imaging meta-data together,
enable queries groupings, and construct study-designs based on user-specified criteria. Both
the imaging data and the metadata information are passed to subsequent modules throughout
the pipeline workflow in data-metadata pairs generated by the Pipeline. You can inspect the
metadata for any module’s output under the module output files panel. The metadata can

be read and fed to any module (Data Extraction), and values produced by any module can
be added back to the metadata (Metadata Augmentation). The metadata may be used for
setting up various conditional criteria in Conditional modules. The metadata information may
be represented as an XML file, as long as it's schema is valid (well-formed) and consistent
(uniform for every subject in the study), or as a tabular spreadsheet (CVS).

& Data Source g
Info || Inputs
Server address: e lon use, sdu T | || Directory Source

1| ms/BrainParsar/ 55_51. ructure/appearanss /0000, brain. imy
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How-to

Under the Input tab, data, metadata file and file formats are specified.

Under the Grouping tab, different groups can be created based on some criteria

e,

oty Vs | Grouging | Matrs|

Server adchen: TwramonLuc ek

ViewMode:  Separated = Cuwts fles on the kS, metadets fles o0 e rght

™[] bt Data.

flocal FEGHIAdaca/ oo/ J3A 185 _timel 8s.um)
flecal FLONE/daca/och/G3A 190 timel aa.im5
lecal /LOHD daca/ oo/ GIAS 1PE_simsl_pa.img
flocal FLONE fdace/ oo/ J3AS 10T _timel sa.img
flecal/LOME datacob G3AT1E tinel aa.img
Flecal Lo deca/och/GIAS T10_sinel _am.img
flocal FLCHEfdaca/ oo/ 030/ 201 _timel as.um)
#lecal /LONE data/ooh 034501 _timel aa.img
Flecal  LOWD daca/ oo/ GRS 07 _simel e, img
flosal FLONEfdaca/ oo/ 030 E05_Time]l 35.U83

. A L] ] v

1]

41
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L1]

JuseS local FLONT A daca/ oD/ 38R0 0.l
Juseflecal FLONE faata/ oo/ G3A/ 1 .=l
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Juse/looal FLONE fdaca) oob/O3A 3 . mml
Sieasflecal FLOHE fdata/ cch /G284 . a2
Searf local LOND S date/ oo GRS S . aml
JuseSlooal FLOHT fdaca) con/ D3R 6. mml
Juuseflecal FLOHE faata/ oo/ O8RS T. a1
Searf localfLOWL dace/ oo GRS 8 . 0wl
JuseS 1ol FLONE fdaca/ on /D3R 5. ml
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Under the Matrix tab, a table displays the associated meta-data. The columns relate to your

specifications. The rows represent values for each subject.

> Study

| Info | Inuts |

_. S Ssees sees o

‘-

Cohumns: | {sex}, {sn}, {age}, {educ}, {group} Generate Matrix
They can be varisbles or XPath values, separated by comma. e.g. {var I}, {varZ}, /fidaxsfprojectfd

Reesult Matrix

Index Metadata {sex} {en} {age} {educ) {oroup}
1 0.3l 1 185 726 16 1
2 Lol o 150 66,7 17 2
3 2.aml 1 196 63.3 17 1
4 3.aml 1 197 [64.1 17 7
5 4.l o 212 [72.2 13 1
& 5.20ml 1 218 [63.5 16 1
7 [l o 222 |63.4 16 2
8 [7.30mi ] 501 57.5 14 3
] [g.ml 1 502 56,8 13 3
10 [9.ml i 505 55,6 16 3

NOTE: For more detailed information about the Study Module, please see the Pipeline

website: http://pipeline.loni.usc.edu/learn/user-guide/building-a-workflow/#Study

LONI Pipeline
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Conditional Module

Overview

Pipeline 5.0 introduces a new feature called the “Conditional Module”. This module is used
when the execution path of various inputs to a workflow is dependent on some criteria. Use of
Conditional Modules makes the workflow more dynamic.

This module can be created by right clicking on the empty area in any workflow and choosing
“Conditional” under the “New” option.

A new dialog will appear that has three tabs. The first and second tab is similar to what is seen
in other type of modules. The third tab is different and is called "Conditions". Under this tab
there is a “Condition source code” section where the conditional criteria should be entered. The
syntax of the code entered is the same as the Pipeline Programming Language (PPL), which is
similar to Java/C. Pipeline programming language is very simple and easy to learn.

How-to
The following examples will help better understand the functionality of the Conditional module.

o DY Conditional

4 Info Parameaters Conditions

Condition source code

INEuE par umevers

“Name o Use

Mew parameter 1 Mesparameterl Optional
Help [ Cance ) (ooies)
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amm Conditional
" Info - Parameters = Conditions |

File Conditions
This example will help understand

how to set up a conditional module Faramcier Name Required
that chooses the execution path

based on weather a file exists at a
specific module output.

(“remove ) ( Add )

L

To create this conditional module
follow the steps below:

1) Right click on the empty area in S
any workflow and select "New-
>Conditional"
2) Click on the "Parameters" tab L Fils —
and click on “Add” button to Acceptable file types
create a new parameter. Name Q sear (" Ednfile types—. )
the parameter, for example as [l e e —
"inputFile". Choose the file type MFile 0
if needed and click “OK”. :;3:; =t
3) Go to the “Conditions” tab and — piapin s
click on the “Condition source ~AFNI file atni
code” area and press the F1 iy gl
Key to see a list of available I Analyze Header hdr K (CAdvanced.. )
parameters (NOTE: If there are
no parameters declared, then r— (Cancel ) (GO
there will be no parameters
displayed when F1 key is
pressed. New parameters
have to be defined for the D00 _ Conditional
current conditional module Info | Parameters I Conditions

before the conditional source

code is specified). Choose the

“inputFile” parameter by double —
clicking on this option.

Condition source code

Input parameters

Name i Use
Finename Finename Optianal
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4) Enter a “.” after the inputFile © Conditional
(inputFile.) to access the —!info Parameters Conditions |

various functions. Choose

“exists()” under the “File e
functions” option by double - File functions -
clicking on it (inputFile.exists()). o
This condition checks if the length()
parameter “inputFile” exists. ——
5) Click OK and a new conditional ;:;muir:é“* .
module is created with one et B,
input and two outputs, “TRUE” f:;ﬁt::ﬂ,ﬂ

and “FALSE”. If the parameter
“‘inputFile” exists then the

| Tests whether the file or directory denoted by this

conditional will feed the input paramerd? “FORCLEE 'S path exists.
:;];):jatrljllleet et? ;:‘See s;E?#eE::FCXJEgLE” - L:Erg: E: and only if the file or directory exists; false
Finename
output parameter.
6) Other functional modules can
be connected to the outputs of
TRUE/FALSE accordingly. If
one output is always used, the
other output could be disabled
like any other module output. e —
R  Module Groupings: I
:I:rr:nlurn-h-ﬂl.lunl.u-:l.l.ndu
= [ Medules
* B Daza
e OO ®
* [ Data L
» B Workflows .
,Emlmum“ L
» [l Werkfiows °
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Arithmetical/Comparison and
Metadata Conditions

This example will demonstrate how
to check the value of a parameter
and determine if it has positive value
(this number could be output of a
previous module or information in
the metadata).

1)

2)

Follow the previous example until
the step where the parameters
are defined. Click on edit and
create 2 input parameters,
number1, number2 and both are
of type "Number”. Click “OK”.

In the “Condition source code”
area type the following "Number1
> 0 && Number2 > 0". This
condition will check if both the
inputs, Number1 and Number2
are greater than zero i.e. positive
values. The conditional module
created thus will have two inputs
(Number1 and Number2) and

four outputs (2 True and 2 False).

& Library
¥ Bl cranium-bats loniuclaedu
B L] Modudes
* O Data
b L] Woikflews
¥ Bl cranium-edu boniuclaedu
* L Modudes
» [ Data
kL workilows
¥ Bl craniumbonisclaedu
# L Modules
* [ Daza
L Workflows.

" Parameser Mame [rw——
umbsr |

Clomon ) Caaa )
Daicripion

o

F— —ﬁ

" Info  Parameters - Conditions |

Saarch _mm:m

Condition source code
number1>0kLnumber2>0
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Distributed Pipeline Server
Installation

Introduction

Setting up your own Pipeline server is a great way to remotely take advantage of the power
of a cluster or a just a dedicated computer with many helpful programs installed on it. More
importantly, you can enable many people to take advantage of all this power all through the
easy to use interface of the Pipeline client.

GUI Installation

The Distributed Pipeline Server Installer is a GUI installer that allows you to install and
configure 3 types of resources — backend grid management resources (Oracle Grid Engine),
the Pipeline server, and a number of computational imaging and informatics software tools.
After successfully running the installer, you will have a running Pipeline server with Oracle Grid
Engine managing jobs on your machine(s), imaging and informatics software tools installed, as
well as a set of predefined workflows and modules in your server library.

Requirements

The requirements for the Pipeline server installation:

One or more machines running CentOS Linux operating system version 5.4 or above
OpendDK or Sun/Oracle JDK 1.5 or above (If Sun/Oracle JDK is not installed, our installer will
guide you to install it)

NFS V.3 server and network connected nodes with a shared partition

At least 30 GB available space for full installation (including tools and data)

Remote Root Access (with SSH credentials) to all hosts (to install Grid Engine)

A user that will run the Pipeline server process (a dedicated user is recommended)
Static IP Addresses for all the hosts, and their hostnames properly configured on DNS
Internet connection is needed during the installation.

Warning: if any of the requirements is not met, there may be unexepcted behavior (e.g.
hanging, crashing of the installer). If you have any questions, please contact pipeline@loni.
usc.edu

A complete installation (including Grid Engine, the Pipeline server, and download and install all
the tools) takes approximately 6-7 hours. Some of the tools take a long time to download (e.g.
FSL takes 6 hours to download). If you skip the tools or have all the tools downloaded, the total
installation time is less than 30 minutes.
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Downloading
Download the installer from the Pipeline website, under Downloads > Distributed Pipeline
Server Installer.

Start the Installer
To start the installer, open a Terminal, sudo as root, go to the directory where the installer file is
located, and type

tar -zxvf pipelineServerinstaller.tar.gz
cd pipelineServerinstaller
Jlaunchlnstaller.sh

m LOMI Plpeline Server Installation T W
LONI Pipeline
Server Installer version 2002
1. Introduction Introduction
ShEEL {Tha LONI Pipgding (hitpcipspaling. loniucla. edui] is a freq graphecal workdiow amdronmant
. License

that facdnates the desigrn. execution, validation and dasemination of sciemtific data
analysis protocols wileed i vancus maging studies and informatics apphcations

General Conliguiation
[This Distributed Pipsline Senver installation allows you to build and configure 3 bypes of
resources - backend Grid manageemant rascurces (9,9, Oracla Grid Engine), the
dgtributed Pipelne denver, #nd & number of comput ational maging and infermmatics
software tools

SGE Configuration

5. Server Conliguration

v Nl Tools Configuration The specific proraguisites for the Ppeling senar installation includs:

-\.

Bl Tools Conflguration - (e of mone machines running Cent0S Linux operaling System wirsion 5.8 or above

- DpenjDi or Orache 0K 1.5 or above
- WF5 %. 3 server and network connected nodes with a shared partition
- & loast 30 GB evadable space for full ingtallation (including tocls and datal
- Padgwordesd Ramote oot Acceds to ol SGE execution hosts (when indtaling S0E)
- wger that will run the Pipeline sennir process (a dedicated user is recommended]
- Statkc IF Addresses for all the hosts, and their hostnames propery configured on
DNS
- infernat connection during the irmtalation
Please chck Help buttan on the &8 bottom coemer for more infia

L Instadl

Samen ary

Hilp | Caveil < Dk Nisat = Finish

2 2012 Labaratory of Hewrs Imaging

Select Components
After you read and agree the license, it asks you the installation location and what components
you want to install:

You can select any* or all of the components. It will guide you through all the steps needed for
the installation.

* For example, if you have already installed SGE before launching this installer, then deselect
the Sun Grid Engine component. Likewise, if you only want to install the latest tools, you can
select the Neuro Imaging Tools component and uncheck the rest.

The installer will verify the Shared File System Location given. It is required to have it on NFS

if the server is set to use a grid. The shared file system is used for the Pipeline server to store
intermediate files of workflows and to install Grid Engine and Neuro Imaging Tools.
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1. Introduction

2 License

3 General Configuration

m = pul wm -

w0

. SGE Configuration

. Sarver Conliguration

. HI Tools Coanfiguration
. Bl Teols Conflguration
, Install

. Summary

R

LON| Plpeling Server Installation = 0

I_.DNI Plp’Ell“e Server Installer version 0.2

General Configuration

Shared File System Location: [rusrdacal | Browse...

Please select what to install:

¥l Pipeline Server (32.3 MB)
The LONI Pipeline Server side application.
el Garid Engine (20 MB)
Grid Engine allows to submit module instances as jobs to existing Grid.
[¥|Meure Imaging Tools (up te 5.77 GB)
Most of the neursimaging tools which are used by the LONI server.
¥l Bioinformatics Tools (up to 47494 MB)
Maosk of the bisinformatics tools which are used by the LONI senver.

; Cancel ] I < Hack | Mext = -I Finizh
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Install Grid Engine
In this section you can configure Grid Engine installation. You can specify installation location,
cluster name, spool directory, and execution hosts. You can leave installation location, cluster
name and spool directory as they are, but you must provide a list of hostnames. You must
provide fully qualified domain names, so something like “host1”, “localhost” or “127.0.0.1" is

not allowed.

1

=

. Intradudtion

& License

3 General Configuration

4

S

-2}

=

w

. SGE Configuration
server Conflguration

. NI Tools Conflguration
. Bl Tools Configuration
L Install

. SUmmary

LOHNI Pipeline Server Installation

LONI Pipeline

Server Installer versien 2.0.2

SGE Configuration

SGE Installatien Directory Execution Hosts (one per linel:
'J'usn'lm.'al-sge [
SGE Cluster Hame

[ehrsner
SGE Spool Directory
[usriocalsgersposl

L] Set custom SGE admin

Examyple
chuster-l lonLuclaedu
cluster-2. lonLucla edu
chustern.lonluclaedu

Cancel | < Back Hext = | | Finish

@ 2012 Laboratory of Neuro imaging
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Install Pipeline

In this section you can configure the Pipeline server. You can specify installation directory,
Pipeline server address, port and user to run the Pipeline server process. The user has to be
created and you can have the option to have its sudo file modified to accommodate privilege
escalation.

If modify sudo option is selected, the installer will modify operating system’s sudoers file so
that the Pipeline server user will be able to sudo as any user, except root and a list of users
provided. For example, if you have some user that can sudo as root, then this user should be
listed in the exception list, so that the Pipeline user will not be able to sudo to and ultimately
gain root access.

LON]| Plpeline Server Installation

= .
ﬁ ] ’GNI Pl p‘E I'] ne Server Installer version 2.0.2
Pipeline Server Conflguration
1. Introduction Installation directory: fusFipipeting Browss. ..
Sereer address: |5 an-dps Port: 'ga0]

2 License o
Pipeline user %): ppelne * User should exist

LG ATRENLC onii GUeat o Users authentication: [SSH Based (sshd required) [+

4. SGE Configuration Warkflow scratch dir fusrfocalipipelineSeratch Browse...
5. Sender Configuration Memory Allocation: @ Aute O Custom
6. Ml Toals Canfiguration » Start Plpellne server on system startup

» Use privilege escalation (sudo as users when submitting jobs)

NOTE: If the Ppoline server is configured to use privilege escalation,
& Install then the specified vser showld be able to sedo as any non root wser.

¥| Modify the sudoers file so the Pipeline User will be able to sudo as any
user excepl & rool ool and Tbllﬂﬂil‘lq users (comma ieparal )

7. Bl Tools Conflguration

. SUMmim ary

Help Cancel < Back Mext = inish
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Install Pipeline with already installed SGE

If you have deselected the Sun Grid Engine checkbox from step 3 (General Configuration),
then the Pipleine configuration window will have slightly different look. There should be a
checkbox “Enable Grid Submission” which needs to be checked if you want to use Pipeline
with your pre-installed SGE.

Upon checking the “Enable Grid Submission” checkbox, a combox with two options should
appear. In order to communicate with SGE, Pipeline uses Grid Plugins. LONI Provides two
plugins for SGE and those are JGDI Plugin and DRMAA Plugin. If you are using SGE we
highly recommend to use JGDI Plugin as it supports more Pipeline features and is more
reliable. You can choose DRMAA Plugin if you have other DRMAA supported Grid Manager
installed and want to integrate Pipeline with it.
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And the last step is to choose the submission queue. The installer will list all the queues you

have and you have to pick one for the Pipeline. If you don’t have a special queue for Pipeline
then you can use the default queue of SGE (SGE’s default queue is all.q). If you do not have
any queue defined in SGE, you have to create one yourself and run the installer again.

L] LONI Pipeline Server Installation -0 x
LONI Pipeline
Server Installer wersion 2.0.1
Pipeline Server Configuration
1. Introduction Installation directory: jusspioeline] Browsae,,.,
e !-trv_!r address: [gen-dos Part: ool
Pipaline user (*): |ppeing * User should exist
3. General Configuration Users authentication: 884 Based (sshd required) |+
1. 5GE Configuration Warkflaw scrabch dir jusricc slpipelineSoratch Hrows..,
5 Server Configuration Mamory Allscation: & Auta O Custom
& Ml Tools Configuration « Start Pipeline server on system startup

¥ e privilege escalstion (Sudo as wsers when submitting jobs)
NOTE: W the Pipeline server (s oo Bgured (o use privifege sscalation,

A Tesls Conliguraticn

B Install then the specifed wser should be able fo sudo a3 say por roof weer.
#| Modity the sudoars file 2o the Pipeline LUser will be able Lo suda as sy
B SLImm g
et user excepl & noot rect and fellowing users (comma soparated)

v, Enable Grid submission Use G0 Plugin -
Submission queue! pinoline.q |-

Help Camcel = Back Hext = Finist

2012 Laboratory of Heuro imaging

Install Pipeline without SGE

It is also possible to configure Pipeline to not use any queue. In this case all the jobs will be
executed locally on the server and you have to be careful with number of jobs submitted to
the server as high number of jobs will affect on server’s performance. Please see “Maximum
Number of threads for active jobs” if you want to set limits to number of parallel running jobs.

Install Neuro Imaging Tools
In this section you have can select the imaging and informatics software tools and server
library files for these tools.

If the installation type for a tool is “Full Auto”, it will be installed automatically. For some tools, it
is marked as “Manual Download”, this means you will be asked to go to a website to download
(e.g. FSL, FreeSurfer). This is because the licensing restriction imposed on the software.
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Click on Open download page to open the browser, the page will be loaded for you, follow the
instructions on the dialog and download the tool to your computer. After it is done, click “I have
the archive” to locate the file. If you already downloaded the file, you can also click on “I have
the archive” to provide the path of the file. Click on Skip for now will go to the next tool. If some
other tool needs manual download, it will show instructions for that tool as well, so that you can
download all the tools in parallel. All the message dialogs will cycle through if you click “Skip for
now”, until your download is complete and you provide the file by clicking “I have the archive.”

o

L. Intreduction

2 License

3. General Configuration
4, SGE Configuration

5. Server Configuration
6. NI Teals Configuration
7. Bl Tools Configuration
&, Install

8, Summary

| Help |

LONI FPlpeline Server Installation

LONI Pipeline

MNeuro Imaging Teols Configuration

Server Installer version 2.0.2

¥l Install the executables and libraries for the selected packages

¥l Install Plpeline server library and package mapping for selected tools

Please select tools you want te Install:
Selected |

Mamia Varsion
el aFm [2007_05_29_1644
pl MR 525
#|  |BraimSuite 11a
=~ 415
el FraaSurfer 1.0
wl Lo
¥l |MINC 101.19. 2011
Wl |cammMa i1
¥ M 320

Size

|221.4 M8

328 MB

: 41.7 MB _-r-l.u".uul Doanload, Auto IRst...
| 1.32 GB L fsal Download, Auto IRst...
(M rual Dowanload, Auld Inst...

 GB

| 1968 |
| 102 ME |
| 35M8 |
| 167 Mg |

Installation type
Full Auta
Full o

Full At
Full auto
Full duto
Full fuyto

Total size: 5.77 GB

A software tool that can analyze fiber track data from diffusion MR imaging

(DTVDSIHARDYG-Ball) tractography.

Installation directory for DTE: jusrlocaltoolsDTE 006021

| Cancel |

2 2012 Laboratory of Neuro Imaging

| =Back ||
|

MHext = ] Finish

[

Manual Action Needed for F5L

To install FSL you need to provide its archive file.

If you have already downloaded the archive
Press "] have the Archive" button and specify its path,
otherwise follow these instructions after pressing the "Open download page” button:

1. Click on Download FSL link
2. Click "l agree to the below terms and conditions governing the use of the Software” link
3. Fill your personal information

4, Select the “Linux Cent055 64-bit (Cent055-64, Fedora6é->Fedoral0, WindowsVM-64bit)"
5. Press Download button

| Open download page | i | have the Archive

Press "Cancel this tool” if you don't want to install FSL anymore.

Skip for now

When you're done with the steps, press “l| have the Archive” to continue

If you started to download the archive and would like to install another tool while
this one is downloading, press "Skip for now™ to skip to next tool. When there will be no
3 more tools which need manual action, this message will appear again.

i Cancel this tosl
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Install Bioinformatics Tools

Follow the same instructions given above for neuro imaging tools. In particular, select the
packages that you would like to install. Also, you can choose to only install the executables,
the Pipeline server library files, or both. After selecting the packages that you need, press the
Next button to proceed with the installation. Note that this is the final step before the Pipeline
installation utility takes over and starts to download/install files.

[..] LONI Pipaline Server Installation -0 X

L .
é LONI PlpEll“e Server Installer version 2.0.2

Blolnformatics Tools Configuration

L. Introduction ! Install the executables and libraries for the selected packages

Z License ¥ Install Plpeline server library and package mapping for selected taols
. General Configuration

4. SGE Conflguration Please select tools you want Lo instalk
Select... Name Wersion [ sie natallation type
5 5 Configurati = e - !
erver Configuration ¥ EMBOSS .31 | 4.0 M8 Full At o .]...
6. Ml Tools Configuration g Ficard 1.43 | 9.6 M8 Full Auto
9 ¥ M54 14.05 | 0.5 K8 Full fut s
7. Bl Teols Configuration g [PATMNG 01 | 9.4 M8 Full Auto
¥ Bayesiss |30 | 1.7 M8 | Full futo
B Install L) Foamatomatec (081 | 0.1 ME Full At o ‘i 1
®  [GENEPOP |41 | &.2 M8 Full Aute 1
5. Sumamary ¥ [Wigrate 2.2.7 | 1.0 M8 Full Auto 1
¥ _mrF.-‘.T.T _: 0,05 ] 0,5 Mg Full Auto =

A_J
Total size: 474.4 MB

& tool for efficienthy BLASTIng a batch of nuclectide sequence queries.

Installation directory for miBLAST: /usr/localtools/miBLAST 6.1

Help Canonl « Back Install Finish

2 2012 Laboratory of Heuro imaging

Install the tools without installing Pipeline or SGE

If at a later time, you want to install updated version of some tool, you can have it installed
without installing the Pipeline and SGE. Simply check only the Neuro Imaging Tools in the
general configuration section of the installer, then click Next, it will skip the Pipeline and SGE
installation steps and go directly to the tools installation step.

Finish Install

After the installation is successfully done, it will show a summary screen. Click Finish with Start
Server checked will exit the installer and launch the Pipeline server. You can also check Start
client option to launch the client to validate installation.

You can also configure advanced server preferences using the server configuration tool by
clicking on “Configure the server with advanced option...”.

If you have any questions, please contact pipeline@loni.usc.edu
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[ ] LOHNI Pipeline Server Installation = 8%

; L{)NI PipEline Server Installer version 2.0.2

Installation Complete
1. Introduction &

2 License Please choose what would you like to do before installer exits:

3. General Configuration - s
| Configurs the server with advanced options... |

1. 5GE Configuration
5. Server Configuration ] Start the LOMNI Pipeline Server
6. Hi Tools Configuration | start the LONI Pipeline Client to validate the installation

7. Bl Tools Conflguration
B Install

9. SUMmMary

Thanks for installing. Press “Finish® button to exit the installer.

[ Help ] Cancel < Back Imstall [ Finlsh ]

= 2012 Laboratory of Neuro Imaging

Start the Server

If you checked “Start the LONI Pipeline Server” option on the summary page of the installation,
the Pipeline server process should be started. To check the logs of the Pipeline server, go to
the Pipeline server’s directory (/usr/pipeline by default), specified in the “Install Pipeline” step.
You will find files called outputStream.log and errorStream.log, which stores output stream

and error stream. You can verify if the server started successfully by checking the contents of
the outputStream.log file, it should look something like this:[ 1/6 ] Connecting to Persistence
Database......... DONE [117ms]

[ 2/6 ] Starting server on port 8008............... DONE [1152ms]
[ 3/6 ] Loading server library..................... DONE [31ms]
[ 4/6 ] Loading server packages info............... DONE [7ms]

[ 5/6 ] Checking to resume backlogged workflows....DONE [Oms]
[ 6/6 ] Checking to resume active workflows........ DONE [0Oms]
[ SUCCESS ] Server started.

You can stop and start the Pipeline server by calling (root access required)
/etc/init.d/pipeline stop
/etc/init.d/pipeline start

If you don’t have root access, you can stop and start the Pipeline server by going to the
Pipeline server’s directory and type
JKillServer.sh./launchServer.sh

Always check if the server has started successfully by viewing the outputStream.log file. If it
shows error on persistence database, you can stop and start the persistence database process
by typing:

./db/stopDB.sh./db/startDB.sh
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Troubleshoot
The following is a list of error messages and explanation:

- The provided directory seems not to be a network file shared (NFS) directory.

The installer will verify the Shared File System Location given. It is required to have it on NFS
if the server is set to use a grid. The shared file system is used for the Pipeline server to store
intermediate files of workflows and to install Grid Engine and Neuro Imaging Tools.

- It is not supported for a Grid Engine installation that the local hostname is “localhost”
and/or the IP address is like 127.0.*.*

You must provide fully qualified domain names as hostnames, so something like “host1”,
“‘localhost” or “127.0.0.1" is not allowed.

- Cannot enable Grid submission as SGE doesn’t have any queue.

If you do not have any queue defined in SGE, you have to create one yourself and recheck
“‘Enable Grid submission” checkbox and select the queue.

Command Line Installation

Alternative to DPS installer, you can also install the Pipeline server using an automated
method that relies on a preference file. All of the fields that would otherwise have to be entered
via the GUI can be specified within a hierarchical XML file. First of all, you need to download
the same archive that contains the graphical version of the installer (you can get it here). A
default configuration file is included in the distribution (in the dist/install_files directory). You
can run the installation in automatic mode by typing the following into your shell:

tar -zxvf pipelineServerinstaller.tar.gz
cd pipelineServerinstaller
Jlaunchlinstaller.sh -auto dist/install_files/DefaultinstallationPreferencesFile.xml

A complete template for the XML file can be found here. If you use this template as a starting
point, note that it has a lot of placeholders and is not set up to run “as is”, so you would have to
make many modifications. For reference, each of the tags is documented below:

» DistributedPipelineServerinstaller: root tag, contains all other tags

» SharedFileSystemPath: path to a directory that is shared (via NFS) between the host
running the Pipeline server and gmaster, admin, and execution hosts of SGE

» JDKLocation: only include this tag if you don’t already have Oracle JDK running on the host
where you’re installing the Pipeline server; the value should be the path to the JDK RPM,
which you can install from the Oracle page

* PipelineServer: use attribute enabled="true” to indicate that you would like to install the
Pipeline server; the children of this element will specify information about the server
installation
o InstallLocation: specifies location where Pipeline server is to be installed
o Hostname: specifies the hostname of the host where Pipeline server is being installed
o Port: specifies port on which the Pipeline server will be accepting connections from

clients

o Username: specifies user that will be running the Pipeline server
o TempDir: specifies a directory where Pipeline modules will write intermediate files
o ScratchDir: specifies a scratch directory where sample workflows will write their outputs;
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O

this value then becomes available to users through the pre-defined ${tempdir} variable,

documented here

GridSubmission: use attribute enabled="true” to indicate that you would like the Pipeline

to submit jobs via grid engine to execution hosts; otherwise, the jobs will be run locally

on the host running the Pipeline server

¢ GridPlugin: options are JGDI or DRMAA

¢ GridSubmissionQueue: the SGE queue where Pipeline should submit its jobs

¢ UsePrivilegeEscalation: options are true or false; privilege escalation is
documented here

DBInstallLocation: path to a directory where you would like to install the Pipeline

database; if it doesn’t exist, it will be created by the installer

StartPipeliineOnSystemStartup: set value to true if you would like to configure the

system to start the Pipeline server on startup; false, otherwise

AuthenticationModule: options are SSH, NIS, and NoAuth; these are documented here

ModifySudoers: use attribute enabled="true” to indicate that you want to add the

Pipeline user to the sudoers list

¢ SuperUsers: comma-separated list of users that you don’t want the Pipeline server
to sudo as (default: root)

MemoryAllocation: specify the amount of memory you would like to allocate to the

Pipeline server/database, in megabytes

+ SGE: use attribute enabled="true” to indicate that you would like to install Son of Grid
Engine; the tags that follow will describe some of the preferences for the installation; you
can find documentation on SGE here

O
(@)
O

SGEROoot: path to directory where you would like to install SGE (default: /usr/local/sge)

SGECiIuster: name of cluster that you would like to install (default: cluster)

SubmitHosts: specify hostnames of machines which will be configured to handle job

submission and control; you can do this using one hostname per Host element, as

children of the SubmitHosts element

ExecHosts: specify hostnames of machines which will be execution hosts; use same

format as for SubmitHosts

AdminHosts: specify hostnames of machines that will be used for SGE administration

purposes; use same format as for SubmitHosts

AdminUsername: user that will serve as SGE administrator

SpoolDir: path to a directory that will be used for spooling during installation

Queue: use attribute configure="true” to indicate that you would like to configure a

queue at the end of SGE installation; this is documented here

¢ Name: the name of the new queue that you would like to configure

¢ Hosts: the hosts that you would like to add to the queue

¢ Slots: the slots that you would like to add to the queue (the difference between hosts
and slots is documented here)

» Tools: use the attribute enabled="true” to indicate that you would like to install some tools;
also use the path attribute to specify the directory where you would like to install the tools
(note that this should be in an NFS-shared directory)

O

NeurolmagingTools: use the attribute enabled="true” to indicate that you would like to
install one or more neuro imaging tools; true/false values for the executables/serverLib
attributes indicate whether you need only the executables, the .pipe files, or both for the
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neuro imaging tools

¢ Available neuroimaging tools: AFNI, AIR, BrainSuite, FSL, FreeSurfer, LONI, MINC,
ITK, DTK, GAMMA; for each of these, the enabled="true” attribute is used to activate
the tool installation; note that BrainSuite, FSL, FreeSurfer, and DTK require that
the user specify a sub element, namely ArchivePath, whose value is the path to the
archive file, downloaded manually from the software website; FreeSurfer additionally
requires a LicensePath element with the path to the FreeSurfer license

o BioinformaticsTools: same attributes as NeurolmagingTools tag

¢ Available bioinformatics tools: EMBOSS, Picard, MSA, BATWING, BayesAss,
Formatomatic, GENEPOP, Migrate, GWASS, MrFAST, Bowtie, SamTools, PLINK,
MAQ, miBLAST; again, the enabled attribute can be used to indicate activation or
deactivation of installation for each of these elements

Requirements

The Pipeline server can run on any system that is supported by JRE 1.5 or higher, so the first
thing to do is head over to the official Java website to download the latest JRE/JDK. If you run
the server on Windows, you will not be able to use privilege escalation (you might not even
need/want it). Also the Failover feature is only supported by Unix/Linux systems. All other
features are available for all platforms.

The amount of memory required varies based on the load you will expect on the server, but for
a reference point, the Pipeline server running on cranium.loni.usc.edu has been set to accept
a max load of 620 jobs, and its memory footprint hovers between 50-300MB depending on the
load and garbage collection scheme.

Downloading

Head over to the Pipeline download page (http://pipeline.loni.usc.edu/downloads/) and
download the latest version of the program for Linux/Unix. The server and the client are both in
the same jar file, so you only need to change the Main entry point when starting up the server.
Extract the contents of the download to the location you want to install the server at.

Starting the Server
Now let’s start the server for the first time. Get to a prompt and switch to the directory where
you copied the Pipeline.jar and lib directory and type:

$ java -classpath Pipeline.jar server.Main
Assuming you have java in your path, you should have received the following message back in
your terminal window:

[ 1/6 ] Connecting to Persistence Database.......... DONE [61ms]
[ 2/6 ] Starting server on port 8001................ DONE [747ms]

[ 3/6 ] Loading server library...................... DONE [336ms]

[ 4/6 ] Loading server packages info................ DONE [2ms]

[ 5/6 ] Checking to resume backlogged workflows.....DONE [46ms]

[ 6/6 ] Checking to resume active workflows......... DONE [Oms]

[ SUCCESS ] Server started.

That’s not enough to have a fully functional server yet, but we’re a step closer, so go ahead
and break out of the process by hitting Ctrl-C.
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Glossary

AFNI - (Analysis of Functional Neurolmages) is a Neuroimaging tool that is used for processing and
viewing of structural and functional MRI images. There are many tools that are available within this
program, like; file conversion tools (AFNI to Analyze, MINC, NIfTI etc), Statistical analysis tools (3D
ANOVA, 3D ANOVAZ2 etc), Surface Tools (Surface clustering, Surface Measures etc) and so on. For
more information about the tools and its application please visit the website, http://afni.nimh.nih.gov/afni

AIR - Automated Image Registration is an automated Image registration tool (3D or 2D images) that is
used to register images of different modalities either between or across subjects. There are many AIR
programs that can be used to manipulate the images. A list of tools can be found at, http://bishopw.loni.
usc.edu/AIR5/programsabc.html

AlignLinear - This is an intramodality registration tool (within or across subjects). Users can specify the
models that includes, rigid-body, affine or perspective. For more information on usage and examples
follow the link, http://bishopw.loni.usc.edu/AlIR5/alignlinear.html

Reslice - This program takes a . air file and uses the information that it contains to load the
corresponding image file and generate a new, realigned file.The link below has more information on the
usage of this program. http://bishopw.loni.usc.edu/AIRS/reslice.html

AVW Maths - Simple but powerful FSL program to allow mathematical (add, subtract, divide, multiply,
square) manipulation of images.

BET - FSL’s Brain Extraction Tool Deletes non-brain tissue from an image of the whole head. It can also
estimate the external skull surface.

Bias Field Corrector - Computes local estimates of gain variation in the image using an adaptive
partial volume tissue model. Uses the estimates to compute a tri-cubic B-spline. Corrects the extracted
brain image using values of the spline.

BrainSuite - An Image analysis tool that is used for MR Images. This tool is used for identifying the
tissue type and surfaces in the MR images. BrainSuite was specifically designed for surface extraction.

Brain Surface Extraction - Removes non-brain tissue from the MRI using a combination of anisotropic
diffusion filtering, MArr-Hildreth edge detection, and mathematical morphology. http://brainsuite.usc.
edu/

Cache - A directory in which the application creates intermediate output files, streams, and log files.

Command String - The exact command that was submitted by the Pipeline to the underlying operating
system for execution.

Connection Manager - The dialog box which holds connections that you have created to Pipeline
servers.

Data Sink - A special module that takes one or more output values and can be used as the output
destination of one or more modules.

Data Source - A special module that takes one or more input values and can be used as the input
source of one or more modules.

DRMAA - Distributor Resource Management Applications API. A library, or specifications, which allow
applications to interact, or submit control to jobs on one or more DRM systems.
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Executable - A file whose contents are meant to be interpreted as a program by a computer.

FSL - FMRIB Software Library is a set of tools, which can be used for analyzing the MRI, fMRI and
DTI brain imaging data. The various tools that are available through the FMRIB library are categorized
based on the type of analyses that needs to be performed (e.g. functional MRI analyses, Structural
analyses, DTl analyses and other miscellaneous tools). http://www.fmrib.ox.ac.uk/fsl/index.html

FSF Update - A special module used to update the design.fsf setup file. It is a very flexible module that
is used to add/update information to the design file (adding experimental variables and/or updating the
T1 image, 3D images etc).

FSL Design.fsf - This is a setup file that has information about various options and design specified
using the FSL FEAT interface.

FSL FEAT - FEAT is part of FSL (FMRIB's Software Library). It is a software tool for high quality model-
based FMRI data analysis, with an easy-to-use graphical user interface (GUI). FEAT automates as
many of the analysis decisions as possible, and allows easy (though still robust, efficient and valid)
analysis of simple experiments whilst giving enough flexibility to also allow sophisticated analysis of the
most complex experiments.FreeSurfer - This is a group of software programs that are used to process
the MRI images in two ways, one volumetric analyses and the other surface analyses. The freesurfer
pipeline is completely automated which is very helpful for large sets of data.

FSL Merge - FSL's miscellaneous utility that is used to concatenate files into a single file.
Concatenation can be along time or X, Y r Z-axis. All image dimensions (except for the one being
concatenated over) must be the same in all input images. For example, this can be used to take
multiple 3D files (eg as output by SPM) and create a single 4D image file.

FSLSwapDim - This program re-orders the data storage to permit changes between axial, sagittal and
coronal slicing. When used in this mode no warning should be printed and the output files will maintain
the same left-right order.

Image Data Archive (IDA) - An acronym that stands for Image Database Archive. Along with being one
of the protocol which the LONI Pipeline support, IDA offers the following benefits:
* De-identification - Addresses government regulations for protection of human subject privacy

* Data Transmission - Data is transmitted over the internet using Hyper-Text Transfer Protocol with
SSL encryption (HTTPS)

» Storage - Data is archived on a fault-tolerant storage area network (SAN), providing near 24/7
availability

¢ Execution Dialog - A dialog which shows important messages printed by the different times during
its execution.

ITK - Insight Segmentation and registration toolkit is a set of programs that employs leading edge
algorithms for segmentation and registration of images. There are 3 main programs that are used in
the ITK toolkit, 3D Deformable Model Segmentation, 3D Deformable Registration, 3D Multi-modality
B-spine Deformable Registration

LONI - Laboratory of Neuro Imaging offers a set of tools that are used for structural, functional and DT
Image data manipulation. This tool kit is available through the LONI Pipeline library.

LONI Viewer - An Image Viewer that allows viewing of shape, surface, volume and geometric image
data.

MiND - Metadata in NIfTI for DWI is a set of extensions to NIfT| header, which serve as a mechanism
for preserving the metadata in direct association with the Diffusion Weighted datasets.

Module - The smallest unit of a Pipeline workflow. Specifically, it is a chunk of XML that describes an
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executable and its inputs and outputs. It can be created by a user and placed directly into a workflow,
or a user can drag and drop predefined modules from the library of any server to which they are
connected.

Module Definition - The collection of information including the executable author, name, package,
version, description and parameter names that must be specified for each executable to create a
module that can be used in the Pipeline. Once a module definition has been created for an executable,
it can be saved in the library and reused by other users.

Module Group - A collection of modules. The Pipeline can abstract a Module Group to be represented
as a single module in a workflow.

MNI - MINC toolkit was developed at the Brain Imaging Centre at Montreal. They are a set of
applications and tools that are used for medical image processing and data management. There are
five categories of software programs available, Visualization Tools, Basic Tools, Pipelining Tools and
Statistical Analysis Tools.

Output Log - A collection of messages which are printed out to the output stream of the application.
Package - A suite of module definitions which are interrelated.
Parameter - An input or output to a module.

Partial Volume Classifier - Each voxel is classified according to the tissue type (WM, GM, CSF, and
partial volume mixture) by combining the partial volume tissue model with a Gibbs spatial prior to
produce a classifier that encourages contiguous region of similar tissue type.

Personal Library - A place to store or save workflows and modules for easy access through the
Pipeline.

Play Button - This is used to validate and execute the workflows by connecting to the computer
cluster.

Pipeline - An environment to develop workflows for data processing, independent of data location,
program location, and platform.

Provenance - LONI Pipeline includes a new feature that enables tracking data, workflow and execution
history of all processes. This functionality improves the communication, reproducibility and validation of
newly proposed experimental designs, scientific analysis protocols and research findings.

ShapeTools - Shape Tool programs are a set of portable tools that support the modeling, analysis and
display of interesting geometric shapes. Nearly all Shape Tools applications are written in the Java
programming language.

Smartlines - A connection between two modules, which will automatically convert the output file type of
the first module to be compatible with the input file type of the second module.

Validation - Occurs automatically when the user requests that a workflow be executed. Validation
entails:

» Verifying the existence of inputs, outputs and executables

* Cycle detection

* File cardinality checks

+ File type checking

Depending on workflow content, connection status and other variables, the validation may be more or
less complex. Please refer to Pipeline documentation on validation for more information.

Workflow - A set of connected modules that performs analysis or simply processes input data.
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