Preprocessing On Brain Volume
by FSL and ANTs

sample.nii.gz

Information of Sample Image:

- The image is one of cases In
ADNI1 dataset.

- This is an AD sample.
- Volume shape: [166, 256, 256].

- The software used to display
Image is MRlIcron.



Steps of Preprocessing

1. Reorientation to Standard Space
2. Registration to Template

3. Skull-skipping

4. Bias Field Correction

5. Tissue Segmentation



Notes

In this document,
1. The source directory of sample is:
Desktop/BrainPrep/volumes/

The name of sample file is:
sample.nii.gz

2. This demo is performed in Ubuntu system.
Commands used to do preprocessing Iin
macOS is a bit different with in Ubuntu.
| will state the difference in some steps
by the symbol .



1. Reorientation to Standard Space

1.1 Change Working Directory to Source Directory

In terminal, input command cd Desktop/BrainPrep/volumes,
click Enter.

e u52r1@52152 ~;‘DesktuprrainPrEpf\FﬂlumES

userl@sz2i52:~% cd Desktop/BrainPrep/vo
userl@s2152:~/Desktop/ Eur'-ﬂ.nFr'r' JA" 11U|"|u—' g5

1.2 Do Reorientation

Input command fslreorient2std sample.nii.gz ro.nii.gz,
click Enter.

P — useri @521 g2 HIDESktﬂP!BI’EI“PI’EP;’JGIumES
user1@s2152:~5 cd Desktop/BrainPrep LUmES f

useril@s2152:~/Desktop/BrainPrep/fv 1lume 5 fs
useri@s2152:~/Desk JjIErainPrle'rlume 55




1. Reorientation to Standard Space
1.3 Check Output

You can find the output file in Desktop/BrainPrep/volumes with
name ro.nii.gz. Use MRIcron to display the reorientated image.

It should look same as the original image. Because MRIcron can
adjust the input image and display it in standard space.

sample.nii.gz

ro.nii.gz



2. Registration to Template

2.1 Start Software

In terminal, input command:
¢ for Ubuntu is: Flirt, for macOS is: Flirt_gui, click Enter.

useri@s2152: ~/Desktop/BrainPrep/volumes
user1@s2152:~/Desktop/BrainPrep/volumes$ Flirtl]

FLIRT - FMRIB's Linear Image Registration Tool - v6.0

Mode Input imasge - Reference image —

Reference image I.r’usr.f'ln:u:al.r"Fs l/datasstandard MNI1S2_T1_2nm_brain ﬂl

Model/DOF Cinput to ref) AfFfine (12 parameter model) —

Input image I ﬂl
Output. image | ﬂl

Humber of =secondsry images to apply transform to ID i,'

[* Adwanced Uptions

3o | Ewxit | Help | thilal



2. Registration to Template

2.2 Select Template

Click button in red box, select MNI152_T1 1mm.nii.gz,
click OKk.

FLIRT - FMRIB's Linear Image Registration Tool - v6.0

ieele [roue fimes -5 deberaiee imms — Filter:IHusrﬁlucalf’Fslf’datafstandardKIHHGE b
i I irectories: : Files:
Reference image Ifusw’lcn:alstl.-’datafstandardHHHI152_T1_2mm_brair'| gl —-—" Hirectories A 7 FHMRIEES Fﬂllisl T Y
s _FA-skeleton_1i
. b FMRIBSS_FA_1mm,nii,
Model/DOF {imput to ref) Affine (12 parameter model) — tiEQSZprim‘s Fornix EHEEBNEQT;; ﬁi
_ LowerCingulum_1mm,nii
Input. inage | = MNI152_T1_0,Smn.nii,z:
. MHI152 _T1 _1mm.nii.g=
Output inage | j=| MNI152_T1_inn_Hipp_na:
= MMI1EZ2_T1_lmm_krain.n.
o MMI1EZ2_T1_1mm_bkirain_m:
Mumber of zecondsry imsges to apply transform to ICI = MNI152_T1_lmm_byrain_mé |

b Advarced Options SElectiDn:Ifusrflu:u:alr'FslfdatafstandardfﬁHIiEE_Tl_lmm,nii.;j

Go | Exit. | Help | thilsl Filter Cancel




2. Registration to Template

2.3 Set Input Image Path

Click button in red box, select ro.nii.gz generated in step 1,
click OKk.

Filter: I fhomefuzerlJesktop BrainPreps/volunes / IMAGE j

Mode  Input image -» Eeference image —

q q I q
lirectories: ) Files:

Reference image If’usr.-"lcu:al.f'Fsl.r"data.-"standardf'HHIlEE_Tl_lmm,nii+gz gl i

ro.nii.gz |
zample,.nii,o=z

Model D0OF {input to ref) AFfine (12 paraneter model) —

Trput imagze I Ql ——>

Output image I

Humber of secondary images to apply transform to ICI i,' L hd

Selection: | fhomefuzerllesktop /BrainPrep/volunesro,nii,oz j

[ Advanced Options

Ok Filt [
Bs | Eil | el | thilsl LEEET Anee




2. Registration to Template

2.4 Set Output Image Path

Copy input path to “Output Image” box, change the output
file name to reg.nii.gz.

FLIRT - FMRIB's Linear Image Registration Tool - v6.0

Mode Imput imasge -» Feference image —

Fetference image |.H'u5r.r"l|:n:alHFslfdatafstandardHHHIlEE_Tl_1mm,,r‘nii,,gz QI

Model/D0F {irput to ref) AFFine {12 parameter model) —

Input. image I.-"'hD mesuserlDesktop/BrainPrep/volumes fro,nii gz ﬂl

Output image |.-"hD mesuzerl/Desktop/BrainPrep/volunes/reg .nii, gz ﬂl

Humber of secondary images to apply transform to ICI i,'

[» Advanced Options

Go | Exit | Help | thilsl




2. Registration to Template

2.5 Set Advanced Options
Click the triangle button in red box.

FLIRT - FMRIB's Linear Image Registration Tool - v6.0

Mode Imput imasge -» Reference image —

Input image

Reference image I.-"usr.r"lcn:al.r“Fsl.-"data.-"standardHHHIlEE_Tl_1mm+r‘|ii+gz ﬂl

Model -DOF {imput to ref) AFFine {12 parameter model) —

Ir“hn:l mesuzerl/lesktop/BrainPrep/volumesfro,nii, ez gl

Output image |.-"hn:| meuzerlDesktop/BrainPrepsvolunesfreg nii.g=z gl

Humber of =econdary images to apply transform to ID i,'

|[> Advanced Ogtions |
Go |

Exit | Help | thilsl




2. Registration to Template

2.5.1 Change Search Option

In Search tab, click button in red box and select the first
option Already virtually aligned (no search).

FLIRT - FMRIB's Linear Image Registration Tool - v6.0

FLIRT - FMRIB's Linear Image Registration Tool - v6.0

Mode Imput image -» Reference image —

Reference image  |Ausr/local/fsl/datadstandard/MNI1S2_T1_inm,.nii,.zz gl Mode Input image -» Reference imsge —

Model/DOF {input to ref} AfFine (12 paramster model) _‘l Reference image Jusrdlocalsfslsdatasstandard MNILSE_T1 _1mm,nii.gz gl

Mocel/DOF finput to ref! AFFine (12 paraneter model) -

Input. image /home/uzerl/Desktop/BrainPrep/volumes/ro,nii.gz gl
Input image fhomesuserlDesktopBrainPrepsvolunesro,nii,gz
Output inage /hone/userl Tesktop/BrainPrep/volumes/reg ,nii, ez gl ® = " ¥ £ gl

Output image ShomefuserlsDesktop BrainPrepsvolumes freg nii.gz gl

Mumber of secondary images to apply transform to IO j,'
Humber of secondary images to apply transform to IO j

— Advanced Options )
— Advanced Options

MI Cost Funet.ion Interpnlatinn] Weighting Il'IID]'L’”"ESI Search ] Cost Functionl Inter‘palatianl Meight ing \."Dlumesl
Imagis Mot aligred. but same orientation —l| I —# Images Already virtuslly alisned ¢no search? _.|

Search Angles
H-awis (degrees): min [-90 3 max|90
Y-axis (degrees): min |-90 3 max/a0 3

Z-zxis (degreesz): min |-90 o mex|i0 3

!

Help | Utilsl LI Exit | Hele | Ut.ilsl

3o | Exit. |




2. Registration to Template

2.5.2 Change Interpolation Option

In Interpolation tab, select the third option Spline.
Then, click Go to run the program.

FLIRT - FMRIB's Linear Image Registration Tool - v6.0

Mode Input image -> Reference image ~—

Reference image Ix’usr:"lncal:’Fslr’dataf'standardr'HNI152_T1_1mm,m’.i,gz gl

Model/DOF (input to ref? AFfine (12 paranster nodel}l

Sl

Input image |f’ho mesuzerl Desktop/BrainPrep/volumes/ro,nii, gz gl

Output image Ir’hn mesuzerl/DesktopBrainPrep/volunesfreg,nii gz gl

Humber of =secondary images to apply transform to IO i,'

— Advanced Options

Search I Cost Function MMI Weighting ‘."Dlumesl

Final Interpolation Method (Rezlice Only?
w Tri-Linear

w Mearest Heizhbour
“* Spline

w Sinc

Go | Exit | Help | thilsl



2. Registration to Template

2.5.3 Waiting for Program Finished
In terminal, the command used to do registration is printed out.

M S @ user1@s2152: ~/Desktop/BrainPrep/volumes
userl@s21i52:~/Desktop/BrainPrep/volumesS Flirt

n/fl -in fhomefuserl/Desktop/BrainPrep/volumes/ro.nii
“dde _ledjld thlE‘ Tl 1mm.n gz -out , er:

ij home fus Pll 'Desktop/BrainPrep, -b
hr 3 @ -searchry @ @ -searchrz 6 @ j T 1‘ |THr




2. Registration to Template

2.5.3 Check Output

You can find the output file in Desktop/BrainPrep/volumes with
name red.nii.gz. Use MRIcron to display the output image. After

program finished, close the Flirt window.

ro.nii.gz reg.nii.gz



3. Skull Stripping

3.1 Start Software

In terminal, input command:
¢ for Ubuntu is: Bet, for macOS is: Bet_gul, click Enter.

user1@s2152: ~/Desktop/BrainPrep/volumes
user1@s2152:~/Desktop/BrainPrep/volumes$ Bet]]

BET - Brain Extraction Tool - v2.1
Input image I ﬂl
Ot ot imagel ﬂl

Fractional intenzity threshold: smaller walues give larger brain outline estimatele,E ﬁ

Fun =tandard brain extraction uzing hetz —l|

[» Adwvanced options

Go | Exit | Helga |




3. Skull Stripping

3.2 Set Path for Input Image

Click the button in red box, select reg.nii.gz as input image,
click Ok.

. select the input image

Filter: I fhome /userl/Tesktop /BrainPrep volumes / THAGE j
Directories: U Files:
BET - Brain Extraction Tool - v2.1 e reg.nii.e= |
. ro,nii,.g=
Input inage I gl ——’ zample.,.nii.oz
Output image | =
Fractional intensity threshold: smaller values give larger brain outline estimatele.E ﬁ
Fun standard brain extraction uzing bet? - |
[» Advanced options
¥ ¥
Go | Exit | Help |
Selection: I fhomefuzerlDesktopBrainFrep/volunesreg .nii .g:j

Filter Cancel




3. Skull Stripping

3.3 Set Path for Output Image

Change the name of output file to noskull in “Output Image” box.
The name of output image will be noskull.nii.gz.

o BET - Brain Extraction Tool - v2.1

Input. image IfhnmefuaerlfﬂesktupHBraiﬂPrepHunlumeereg j:ﬂ

it ot imageIthmeHuserlfﬂeaktupHBrainPrepfunlumeafnnskull E:ﬂ

Fractional intensity threshold: smaller wvalues give larger brain outline estimateslﬂ+5 -

Fun standard brain extraction using bet? -Jl

[» Adwanced options

Go | Exit | Help |




3. Skull Stripping

3.4 Select Method

Click the button in red box and select the second option
Robust brain centre estimation (iterates bet2 several times).
Click Go to run the program.

e BET - Brain Extraction Tool - v2.1

Input image IthmefuserlfﬂesktupfBrainPrepfunlumesfreg Eiﬂ

Output. image|HhumeﬁuserlHDesHtDpHBrainPrepHunlumeaansHull Eiﬂ

' jpten=itu thresbolo: ive larger brain outline EstimatESID.E =
Fun =tandard brain extraction uszing hetZ -Jl

[> Advanced options

o | Exit | Help |

BET - Brain Extraction Tool - v2.1

Input image IfhumefuserlfﬂesktDpHBrainPrEpKuDlumeereg Eiﬂ

Output. imageIthmEKuserlfﬂesktDpHBrainPrepHUDlumesanskull Eiﬂ

Fractional intenzity threshold: smaller wvalues give larger brain outline estimates|0+5 :ﬁ

Fobust brain centre estimation {iterates bet? several times} -Jl

[ Advanced options

Go | Exit. | Hezlp |




3. Skull Stripping

3.5 Waiting for Program Finished

In terminal, the command used to do skull stripping
IS printed out.

M S5 user1i@s2152: --,J’Desktup,"BraInPrepﬁmlumes
userIMS1151.~;ne Ltop;ﬁraanrep;Jmlume EHT

home fuserl/ [h T /BrainPrep lumes/reg fhome/useril/Des
11 - g g




3. Skull Stripping

3.6 Check Output

You can find the output file in Desktop/BrainPrep/volumes with
name noskull.nil.gz. Use MRIcron to display the output image.

After program finished, close the Bet window.

reg.nii.gz noskull.nii.gz



4. Bias Field Correction

4.1 Run Program

This step is performed by ANTSs.

| only did the test in Ubuntu system.

The command should also work in macOS.
If not, you may skip this step.

In terminal, input command: N4BiasFieldCorrection -i noskull.nii.gz
-0 bfc.nii.gz -d 3 -s 3 -¢ [100x100x60x40, 0.0001] -b [300],

click Enter.

-1: input file name
-0: output file name

user1@s2152: ~fDesktop/BrainPrep/volumes
userl@s2i52:~/Desktop/BrainPrep/volumes$ N4BiasFieldCorrection -i noskull.nii.gz

-0 bfc.nii.gz -d 3 -5 3 -c [100x100x60x40, ©0.0001] -b [300



4. Bias Field Correction

4.2 Check Output

You can find the output file in Desktop/BrainPrep/volumes with
name bfc.nii.gz. Use MRIcron to display the output image.

noskull.nii.gz bfc.nii.gz



4. Bias Field Correction

Notes:

Two disadvantages of using command line in terminal
to do bias field correction:

- It can only process one input image at every run.

- It is a bit difficult to change parameters, since it does not
has a friendly user interface.



5. Tissue Segmentation

5.1 Start Software

In terminal, input command:
¢ for Ubuntu is: Fast, for macOS is: Fast_gui, click Enter.

user1@s2152: ~/Desktop/BrainPrep/volumes
useri@s2152:~/Desktop/BrainPrep/volumes$ Fastl

FAST - FMRIB's Automated Segmentation Tool - v

— Input
Humber of input channels [I___EE
Input image Eiﬂ
Inage type Tl-weighted -Jl
—Output
Output imagei=z) haszenams iiﬂ

Humber of classele =

Output images:
Binary segmentation: Also output one image per class d
FPartial wolums maps I Restored input 24 Estimated Bias field 4

[* Advanced options

Go | Exit | Help |




5. Tissue Segmentation

5.2 Set Path for Input Image

Click the button in red box, select noskull.nii.gz as input image.
Because Fast will do bias field correction before doing
segmentation. Click OK.

FAST - FMRIB's Automated Segmentation Tool - v ™ S ) select the input image

Filter:IHhumefuser1KDethDpHBrainPrepHuDlumestHHGE :]

— It

Mumber of input channels |1 =

Directories: ] Files:
Trput. imagel i lail _b & bfc,nii,zz Fy

noskull . nii,g= |
reg.nii,gz
Inage type Tl-weighted — | rngnii gi
zanple,nii,gz
— Output
Output. imageis? basenamel Eﬂl
Number of classele = ¥ ¥

Output imagest

Selectinn:|Hhumefuser1KDESRtDpHBrainPrepHunlumesanSRull+n;:
Binary segmentation: Also output one imsge per clazs J

Partial wolume mapsz I Restored input 4 Estimated Bias field 4
] | Filter Cancel

[+ Advanced options

o | Exit | Help | ‘




5. Tissue Segmentation

5.3 Set Basename for Output Image

Change the basename of output file to segmented in “Output
Image(s) basename” box. The names of output images will be
started with segmented. Click Go to run program.

FAST - FMRIB's Automated Segmentation Tool - v

— Input

Humber of input channels |1 =

Input image | homesuzerl Tezktop/BrainFrep/volumes /ho gl

Inage type Tl-weighted -dl

— Output

Output imsgeis) hasename|serl/lesktop/BrainPreps/volumes/segnented QI

Humber of classele =

Output imnages?

Binary segmentation: Alzo output one image per class J

FPartial vwolumse mapz I Restored input 4 Esztimated Biaz field 4

[» Adwvanced options

o | Exit | Help |




5. Tissue Segmentation

5.4 Waiting for Program Finished

In terminal, the command used to do tissue segmentation
IS printed out.

" user1@s2152: ~/Desktop/BrainPrep/volumes
userl@s2152:~/Desktop/BrainPrep/volumess Fast

'usr /local/fsl/bin/fast -t 1 -n 3 -H 6.1 -I 4 -1 20.0 -o fhomejfuserl/Desktop/Bra

'volumes /segmented [homejfuserl/Desktop/BrainPrep/volumes/noskull




5. Tissue Segmentation

5.5 Check Outputs
You can find the output files in Desktop/BrainPrep/volumes
whose name is started with segmented. Use MRIcron to display
the output images. After program finished, close the Fast window.

Output images:

- segmented_seg.nii.gz: contains three labels, 1 for CSF, 2 for
gray matter and 3 for white matter.

- segmented_pve_0.nii.gz: segmentation of CSF.

- segmented_pve_1.nii.gz: segmentation of gray matter.

- segmented_pve_2.nii.gz: segmentation of white matter.



5. Tissue Segmentation

noskull.nii.gz segmented_seg.nii.gz



5. Tissue Segmentation

segmented pve 0.nii.gz segmented pve 1.nii.gz segmented pve 2.nii.gz
(CSF) (Gray Matter) (White Matter)



Resources

1. FSL

- Official website: https://fsl.fmrib.ox.ac.uk/fsl/fslwiki
- List of all programs: https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/FslOverview
- FSL courses: http://fsl.fmrib.ox.ac.uk/fslcourse/

2. ANTs
- Source code: https://github.com/ANTsX/ANTs

- Wiki page: https://github.com/ANTsX/ANTs/wiki


https://fsl.fmrib.ox.ac.uk/fsl/fslwiki
https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/FslOverview
http://fsl.fmrib.ox.ac.uk/fslcourse/
https://github.com/ANTsX/ANTs
https://github.com/ANTsX/ANTs/wiki

