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£ Research Lab

About aBEAT IDEA

aBEAT Is a 4D Adult Brain Extraction and Analysis
Toolboxwith graphicaluserinterfaceso segmentjabeland
analyzeongitudinaladultbrainMR images

The aBEAT Is developedby the IDEA group at the
University of North Carolinaat ChapelHill, directedby Dr.
DinggangShen(dinggang_shen@maacedu)
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About aBEAT IDEA

The architecture of the aBEAT toolbox

. _ _ U 4D Brain " , _ U Selection of
U Reorientation Extraction U 4D Tissue U 4D Brain ROls
U i . mentation i '
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Modules Image 4D Brain 4D Tissue 4D Brain ROI
Preprocessing Extraction Segmentation Labeling Analysis
'X’;%it‘édinal Preprocessed Brain Tissue Brain ROI
Images whiatbnd Images Images Images Labels Volumes
MR Images
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About aBEAT IDEA

Overview of the Processing Modules

The longitudinal adult brain MR images of each subject are processed as follows:

1. Image Preprocessing:

(a) Reorient original T1 images to the same orientation as the template image (Colin27, eyes right).

(b) Resample the images to the standard size and resolution (256x256x256 and1x1x1 mm”3, as the template image).
(c) Perform N3 correction on the images.

(d) Match the histograms of the other time point images to the histogram of the baseline image (1st time point).

2. 4D Brain Extraction:

(@) Perform 4D brain extraction to extract the brains from the preprocessed images.

(b) Perform 4D cerebellum removal.

(c) The automatically extracted brain images can be edited manually to obtain more accurate brain images (optional).

3. 4D Tissue Segmentation:
U Segment the gray matter, white matter and CSF tissues from the extracted brain images longitudinally.

4. 4D Brain Labeling:

U Longitudinal brain images are simultaneously registered to an implicit common template image, which will be
registered with the Colin27 template image. The pre-labeled image of the Colin27 template will then be warped to the
spaces of the original individual brain images to label the individual brain images.

5. ROI Analysis:

U ROIls are selected from the brain labels (45 labels in each hemisphere) or the brain tissues (GM,WM,CSF), and the
volumes of the selected ROIs of the longitudinal brain images are measured. The ROI volume change with time can
be analyzed.
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About aBEAT IDEA

Arrangement of Subject Images for aBEAT

U Image modality i T1
U File formati analyze (.hdr with .img)

U Subject image files should be arranged as follows:

— Document The folder including subject images
R Subiject 1 The folder including images of all time points for a subject.
" Subject2 No bl ank -8piaxealblrowed in the subje
o Subject3
..... Subject4 | @] Subject5-0.img cubject name
i SUhJE”:tE' in each fO.Ider > ;Suhjecﬁ-ﬂ.hdr —— t: i !
(each subject) : . . aseline
9| Subjects-24.img
U the time point must be integer 9| Subject5-12.img subject name,
U~ 0 indicates the baseline 7| Subject5-12.hdr = time point
U other time points can indicate . _ _ after baseline
months after the baseline @] Subject5-6.img
= | Subjects-6.hdr
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aBEAT Installation IDEA

A Operating system: Linux (64 bit)
A Recommended computer: memory >= 8G, disk >= 30G
A Installationsteps:

i Downloadthe aBEAT packageand unzip the aBEAT.zip (e.g., the
packages unzippedn /home/programs/aBEAT

i Setupenvironmenfor theaBEAT asfollows:
x Edit theshellresourcdile in the homedirectoryof theuser(cd ~):

for cshitcsh user, addthefollowing two linesin the.cshrcfile:
setenVABEAT_HOMEhome/programs/aBEAT

sourceSABEAT HOMEABEATCcsh
for bashuser,addthefollowing two linesin the .bashrdile:
exportABEAT _HOME+#home/programs/aBEAT
sourceSABEAT HOMEABEATbash
x Restartheshellto updatethe environment

u UsecommantBEAT or abeato startthe software
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aBEAT Installation IDEA

When you run aBEAT on a computerwithout enoughmemory
size, or when you want to processa large number of subjects

automatically the aBEAT may run out of the memory Following
arethesolutions

i optionl: increasevirtual memoryin your Linux system

i option 2. use commandaBEAT -s or abeat-s to start the
software,which will processdata sequentiallyand take less
memory,butwill takemoretime.
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FAQ and Start IDEA

A Questions ?

There are Frequently Asked Questions(FAQ) listed in the
FAQ.ixt file In the package The FAQ will answer the
guestionsyou may haveduring the installationand useof the
software

A Start to use

Pleasego through the FAQ and the following pagesof this
guicktutorialto learnhow to usethe software

You couldreferto the respectivesectionsof this tutorial to use
the correspondingnodules
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Main Window IDEA
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— Autormatic Processing

PreprocessingELabeling aBEAT is a 40 Adult Brain Extraction and Analysis Toolbox with graphical
usar interfaces for processing lengitudinal adult brain MR images,

The aBEAT is developed by the IDEA group in the University of MNorth
Carolina at Chapel Hill, directed by Dr. Dinggang Shen, The contact ermail

ROI AI"IEHFSiS is dinggang_shen@med.unc edu,
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Main Window IDEA

Possible Processing Options:

(1) process subjects step by step (by W ); (2) process subjects automatically (by Y ); (3) process one of your subjects step by
step (by W) to customize parameter values and evaluate results, then process the other subjects automatically from image
preprocessing to brain labeling (by Y ) using customized parameter values.

aBEAT o | B il

Help  Tools L]

x Perform image preprocessing, brain
&5 Research Lab extraction, tissue segmentation, and

IDEA brain labeling on subject images
step by step.

— step-by-stap Procassing

Image Preprocessing

i . X Process subject images

A rain Extraction . )

w automatically from image

Tissue Segmentation preprocessing to brain labeling.

Brain Labeling

g ||| e e x After all subjects are processed, you
Praprocessing2Labeling .
/ can analyze ROIs from brain-labeled
! . : ) :
— /r Images or tissue-segmented images

of the subjects.
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Image Preprocessing IDEA

Functionality of the Image Preprocessing Module:

U Reorient and resample original images to the same orientation and size as the template
image. N3 correction is then performed on the images. For each subject, match the
histogram of each image to the histogram of the baseline image.

Bl aeeaT E=REER )

Help  Tools k]

Image Preprocessing

—ProcessingFlow——_|mage Yiew

Load Subject Images | Load/Show Template ‘

. ResearCh Lab Reo\';\entatlon & Resam;’hng

Subject Images: Selected b
’J\lew (%, Yy, 2) =
= - -z -
y | |

Reorient & Resample ‘

— Stap-hby-step Processmg |
W

Iy =)

)

\
=

I
e
I
I
I
]
i
S ey 1| |
|
I
I
I
I
I
P

Image Preprocess“.-lg M3 Correction, Histogram Matching | L
\", - Sagittal {x ) 126 0f 256
Mext Mocdule
Braini Extraction ’7 Brain Extraction | g d

Bubject Images

Tissue Segmentation Subject 1 <]
|--Time Foint 0
I |-- D02_5_0685-0 L]
. o |--Time Point & [Z] 7
Brain Labeling [ |- 002_5_0685-6 m 4
| il
|--Time Point 12
—- 002_5_0685-12
—Automatic Processing [
|--Time Foint 24
- - | [-- 002_5_0685-24 |
Preprocessing2Llabeling _ -
Subject 2 &3 ial {2 128 of 256 3D Orthogonal Slices Reset
|--Time Point 0 Woxel (x=128,y=128,2=128), Intensity: 711
| |-- 002_5.1261-0
[ | —Processing Status
. |-=Time Pomot062 5 1261-6 1, Load longitudital images of subjects for preprocessing.
ROI Ahaly5IS I I-- - - 2. Select subject images, set recrientation parameters, then recrient and resample the images.
| _Time Boint 1 =] 3. After all loaded imaaes are recriented and resameled, perform N3 correction and histoaram matchina,
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Image Preprocessing

Functionality of the Image Preprocessing Module:

It consists of four parts:

i

Processing Flow:

the pipeline integrating
step-by-step functions for
image preprocessing.

Subject Images:
lists all loaded images and
the processed images

Image View:
windows for interactive
inspection of the images.

Processing Status:

show image preprocessing
steps and data processing
status.

Image Preprocessing

—Processing Flow

Load Subject Images | Load/ShowTemplate ‘

| |
v Vi
Eeorientation & Resampling

Selected b’

Mew (x, v, 2) = ——
e e

Reorient & Resample ‘

\
A

M3 Correction, Histogram Matching |
\
Mext Madule v

Subject Images:

—Image View

-Time Point 24
|-- 002_5_0685-24

’7 Brain Extraction |
Bub\ect Images I

uI——Tlme Foint 0 7

| |-- D02_5_0685-0

|

|--Time Point &

| |-- 002_5_0685-6

|

|--Time Pomt 12

|

|-

|

Subject 2
—-Tire Point 0
|--002_5_1261-0

|--002_5_1261-6

Reset

Reset

Axial{z)

£ Research Lab

[a]

128 of 256 Sagittal {x )

Do

[aT

125 of 256
Woxel: (x=128,y=128,z=128), Intensity: 711

3D Orthogonal Slices

[»] |

128 of 256

= I~ 1=

Reset

|
|
|
|--Time Point &
|
|
|

{]

—-Tima Pnint 1

—Processing Status

WS of subjects for preprocessing.

2. Jelect subjecti imagas, set reorientation parameters, then recrient and resample the images.
3. After all loaded imaaes are reoriented and resampled. perform M3 correction and histoaram matching,
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Image Preprocessing IDEA

Step 1: Image Loadlng Bl Load Subjectlmages‘\ Image Loadlng Module = | = Py
Y A~
L]
T Ubject e Faint y
A Automatic v| Automatic v| Add Images‘k Finish
| —Image Wiew =
| ' !( Subject 1 - a .
| ’7 Load Subjecllmages| ad;ShUTvTemplale‘ |——Time Point 0 "‘ e D_Irector}rto Open \
| v 7 I |-- 002_5_0685-0 =
Reorientation & Resampling I-—Time Point 6 Look In: |l:l zample v|
Subject Images:  Salscred - | |-— 002_5_0635-&
Mew (x,y, 2) = ————— | £3 002 5_0685 se . .
( e E |--Time Point 12 @ozs1261 Y Select the folder including
| [-- 002_5_0685-12

| subject images

Reorient & Resample |

|--Time Paint 24
| | |- 002_5_0635-24
v
M3 Correction, Histogram Matching | Subject 2
| |——T|me F‘omt 0
" v 1261-0.
hext Madul subject |mages will be
Brain Extraction | |=-Ti
Oad e(T al-J ﬁ@m&tllgﬁl Iy File Marme: |,fh0me,fprngrams,fabeat,fsample |
Subject Images — |——T|me Point 12 Files of Typer =iy 4 ~|
a | |-- 002_5_1261-12 i L
|
|--Time Point 24 Lok || fcancel |
| |--002_5_1261-24 L !
Reset
—Processing Statu
1. Lead longitudital
|| 2. Select subject in|
= 3. After all loaded Coronal Auxial Sagittal
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Image Preprocessing IDEA

Functions in the Image Loading Module:

1. Load images of all subjects: select ®Automaticoin A 1> C i > select the folder including all the subjects.
2. Add all images of a subject: select &ubject j6in Aandé Aut o m&8 1t 3 @&i& select the j-th subject folder.

3. Add an image at a time point for a subject: select &Gubject i6in A, d@ime Point j6in B 7> C 1> select the i-th time point

image.
N Lo b B C BRI 4. Preview an image: left mouse click the image name to display three
Subject ‘ Time Point | ‘ e orthogonal slices of the image.
Automatic ~|§ Automatic =\ Add Images inis . . . . , .
— - . NOTE: the displayed slices may not be consistent with the 6 Ax i a |
i T'mef"‘”o‘o%,s,%m [ 0 Cor oamcad Da g istateradntdbefore reorientation.
|--Time Point &
] Tlme'%‘:of;‘ms'g 5. Delete a selected (left mouse click to select) image: right mouse click
i B 'PO °°;5 i in the image list window and press the @elete Imagesépopup menu.
| |-- 002_5_0685-24
sioeerz 6. Delete images at a time point: left mouse click a time point (e.g., Time
| |-- 002_5_1261-0 . . . . . "
e |mage List Point 12) 7> right mouse click and press the ®elete Imagesépopup
} |-- 002_5_1261-6 menu.
|-=Time Point 12
| |--002_5_1261-12
i Amefoneze 7. Delete all images of a subject: left mouse click a subject (e.g.,
— = Subject 1) 7> right mouse click and press the d®elete Imagesbépopup
menu.
8. Delete selected images: use &Ghiftéor @trlékey and left mouse button
to select images 1> right mouse click and press the d®elete Imagesé
e popup menu.
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Image Preprocessing

Step 2: Interactive Image Inspection
U After all subject images are loaded, press d-inishéto return to the Image Preprocessing Module. The loaded images will be
in the Gubject Imagesadlist.

Left mouse click an image in the &Gubject Imagesdlist to display three orthogonal 2D slices and 3D slices of the image.
Right mouse click in the &ubject Imagesdlist to view the property of the selected image, or delete the image.

Review slices: mouse wheel over the 2D slices (inthe 6 A x i 6aG obr, oamchd Da g iwindowsd), or use the slider.

Zoom in/out 2D slices: right mouse button down (over the 2D slices) and move up/down.

Pan 2D slices: left mouse button down (over the 2D slices) and drag.

Cross: left mouse button down (over the 2D slices)

et et et B e e i ]

Image Preprocessing

—Processing Flow——— A _ImageView ____§ HHAYC T 1 CTIHHULCCOO

Load Subject Iimages | Lnadfﬁhanempla\e|
Load Subject Images |—‘—‘—J‘:' Eh* | | |
| W v
Subject Tirne Point Reorientation & Resampling
Automatic ~ Automatic ~  Add Images Finish Subject Images:  Selscted -
New (x, ¥, 2) =
Subject 1 -
——Time Point O ' ’7 v -y - z 2 =
|-- 002_5_0685-0 i}
-=Time Poi Reorient & Resample \

|

|

|

| nt &

| |-- 002_5_0685-6
I |
|

|

|

|

|

--Time Point 12 v

002_5_0885-12
= M3 Correction, Histogram Matching ‘

--Time Point 24 |

|-- 002_5_0685-24 v Reset Reset Sagittal (x) 128 of 256
Mext Maodule
Subject 2
u\f%me Point 0 ’7 Brain Extraction | g 4
| |--002_5.1261-0 |
|
}"T'melpomgosz 5 12616 LBub\ect Images '
I ; =
|-=Time Point 12 |-=Time Point 0
| |-- 002_5_1261-12 } |- 002_5_0685-0 R
| L
|--Time Point 24 |--Time Foint & B |
| |--002_5.1261-24 | |-- 002_5_0635-6
=l | Pl
|--Time Pom
|
|-=Time Point 24
| |-- 002_5_0655-24 L
Subject 2 Reset | Rl (2) 12801256 3D Orthogonal Slices eset |
|-=Time Point 0 Voxel: (x=128,y=128,2=128), Intensity: 711
| |- 002_5_1261-0
I . [ —Processing Statu
Gaieitl (e Sagitral |-=Time Polrgog 5 17616 1. Load longitudital images of subjects for preprocessing.
} - == - 2. Select subject images, set reorientation paramerars, then reorient and resample the images.
|—_Tirme Brint 1 [+ 3. After all loaded imaaes are reoriented and resambpled, perform N3 correction and histoaram matching.
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Image Preprocessing

£ Research Lab

IDEA

Step 2: Interactive Image Inspection (3D slices)

U Rotate 3D slices: press the toggled button dr6 then left mouse button down upon the 3D slices and move the mouse

U Zoom 3D slices: press the toggled button &6 then left mouse button down upon the 3D slices and move up/down

U Pan 3D slices: press the toggled button @6 then left mouse button down upon the 3D slices and move the mouse

NOTE: Click the toggled button 6 R® Za0d 6 R@enable or disable the related manipulation functions.

Image Preprocessing

Processing Flow

—Image View:

Load Subjectimages | Load/ShowTemplate
i | |
']

1
Reorientation & Resampling

Subject Images:  Selected M
New (x,y, 2) =
T
Reorient & Resample

|
v

N3 Correction, Histegram Maiching
|
v

Next Module
Brain Extraction

Bubject Images
Subject 1
--Time Point 0
[-- 002_5_0685-0

--Time Point &
|-- 002_5_0685-6

——Time Foint 12
——002_5_0685-12

-~Time Foint 24
| |-- 002_5_0685-24

Subject 2
—Titme Foint 0
|-- 002.5_1261-0

--Time Point &
|--002_5_1261-6

__Time Pninr 1

128 of 256 eset Sagittal (x)

12801256

1280125 30 Orthogonal Slices
Voxel: (x=128,y=128,2=128, Intensity: 711

) 2

—Prltmaﬂ
1. Load lengitud gl images f bj t s 81 preprocessing

2. Select subject images, set ion parameters, then reorient and resample the images.

3. After all loaded imaaes are veor\en(ed and resampled, bevfovm NS correction and histoaram rmatchina.

Rotate
P4

L
!
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Image Preprocessing IDEA

Step 3: Image Reorientation and Resampling

U The loaded images must be reoriented and resampled to the same orientation and size as the template. The template is
used in the preprocessing and brain labeling steps. The standard orientation used in aBEAT is shown in the left image
and the template has volume size (256x256x256) and voxel size (1x1x1 mm”3).

U Reorient and resample the loaded images by: § (determine the loaded images to be reoriented and resampled) -> Y (set
reorientation parameters) -> Z (reorient and resample the related loaded images)

U The processed images will be saved as analyze format and stored with the original image files.
Ioge Preprocessing e

Frocessing Flo -mseview—|MNAQE Preprocessing Module
-

Load Subiect Imades | Load/ShowTemplate ) s c
Load/Show Template Image v |ﬂ‘ﬁ ‘ : | /;\ # | [+
¥ v | |
£ |
Colin27 '| | Subject Images:  Selected
File: ‘fhome,-’dalwsoftwarefAduItPrOJect,fReIease/aBEATftemp . - . \/

—

Reorient & Resample ‘ Z

|
v

N3 Correction, Histogram Matching ‘

‘ Reset Caronal () 178 of 256 Resst sagittal ¢ 1) 126 0f 256

Mext Module g
’7 Brain Extraction | g

Bubject Images

[ . T .

|

I

|

I

I

I

1

m

"

a—

[

I

I

I

1

|
g 4

I

Ny}

Subject 1 -+
Coronal {y ) 128 of 256 Reset saghtal (®) 128 of 256 |--Time Point 0 =
| |-- 002_5_0685-0 R
|
|--Time Point & B 1|
| |-- 002_5_0635-6 [
‘ Rl
|--Time Pom[Z 7
|
|--Time Foint 24
| |-- 002_5_0635-24 ||
Subject 2 Axial{z) 1280256 3D Orthogonal Slices Reset
|--Time Point 0 Voxel: (x=128,y=128,2=128), Intensity: 711
| |--002_5_1261-0
. | ™ ~Processing Statu
AXIaIV(:X)El. (Xiigﬁ?f islﬁza =128 Imigsc‘:nhlnsgmnna\ st W | } T\mel ‘”0062 5.1261-5 1. Load longitudital images of subjects for preprocessing.
il : z i | 2. Select subject images, set reorientation parameters, then reorient and resample the images.
|- Time Brint 1 [~ 3. After all loaded imaaes are recriented and resampled. perform N3 correction and histoaram matchina,
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Image Preprocessing

Step 3: Image Reorientation and Resampling
U Preview reorientation and resampling result of a selected image: choose &electedboption in W -> select a loaded image in
Y (subject images list) -> set reorientation parametersiny ->Y .

~

U Reorient and resample multiple loaded images: choose &electedboption in W -> select multiple loaded images (use
Ctrl/Shift and mouse) in Y -> set reorientation parametersing ->Y .

U Reorient and resample All loaded images: choose @\llGoption in W -> set reorientation parametersiny ->Y

Image Preprocessing

—Processing Flow——— Image View
Load Subject Images | LoadyShow Template ‘
1 | A |
v W v
Subject Images:  Selacted
malectad d -
N
e | S el |\
.
Reorient & Resample | \(
| |
|
a1 W
M3 Corraction, Histogram Matching ‘ L
| ad b
Reset Reset Sagittal (x ) 128 of 256
Mext Madule U e
’7 Brain Extraction | g g
[ gupamnces
ubject 1 ~
|--Time Point 0 Y
| |--002_5_0635-0 ﬂ
|
|--Time Point & | ﬂ
| |--002_5_0635-6 I
‘ 13|
|-—Time Point 12
|
|-=Time Point 24
| |--002_5_0685-24 L
ubject 2 Reset Axial (2} 128 0f 256 30 Orthogonal Slices Reset
|-=Time Point 0 Woxel: (x=126y=128,2=128), Intensity: 711
| |--002_5_1261-0
| —Processing Statu
} Tlme‘Poer(Og 5.1261-6 L. Load longitudital images of subjects for preprocessing.
| - 8 2. Select subject images, set reorientation parameters, then reorient and resample the images.
| _Time Frint 1 3. After all loaded images are reoriented and resampled, perform N3 correction and histoaram matchina,
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Image Preprocessing IDEA

How to set the reorientation parameters ?

i Step 1: review all non-flip reorientation options by: W (select a loaded image) -> Y (right click and
choose dreview Reorientation Options®). The selected image will be reoriented with all non-flip
reorientation parameters, and the tentatively reoriented images with the parameters will be displayed.

U Step 2: review (use ¥ ) and determine the correct reorientation parameters by comparing the reoriented
images with the template image visually.

U Step 3: select the correct reorientation parameters (see Y ), the parameters at Z will be updated automatically.

Image Preprocessing Module
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