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The NA-MIC Kit




3D Slicer version 4 (Slicer4.5)

An end-user application for
image analysis

An open-source environment
for software development

A software platform that is
both easy to use for clinical
researchers and easy to
extend for programmers




Slicer Modules

« Command Line Interface (CLI):
standalone executable with limited input/
output arguments

» Scripted Modules (Python):
recommended for fast prototyping

 Loadable Modules (C++ Plugins):
optimized for heaving computation



Slicer4 Highlights: Python

The Python console of Slicer4 gives access to
scene objects (MRML)
data arrays (volumes, models)
GUI elements that can be encapsulated in a
module

Processing Libraries: numpy, VTK, ITK,CTK



Slicer4 Scripted Modules

Python scripted modules allow more
interactive functionalities (e.g. ‘Flythrough’
in Endoscopy module) and rapid prototyping

GUI based on Qt libraries accessed via Python

@ python’



Tutorial Goal

This tutorial guides you through the steps of
programming a HelloPython scripted module
for running a Laplacian filtering and sharpening.

For additional details and pointers, visit the

Slicer Documentation page
https://www.slicer.org/slicerWiki/index.php/Documentation/4.5/Training




Processing Examples in this Tutorial

Manipulation
with numpy

Image Data on
Disk (DICOM,
Nifti, nrrd...)

Manipulation
< with VTK

MRML Scene I
\__ ,

Manipulation

MRML: Medical Reality Markup Language, with ITK
the Slicer Data Representation (Slicer CLI)



Prerequisites

This course supposes that you have taken
the tutorial: ‘Slicer4 Data Loading and
Visualization’- Sonia Pujol Ph.D.

The tutorial and HelloPython dataset are

available on the Slicer4.5 compendium:
https://www.slicer.org/slicerWiki/index.php/Documentation/4.5/Training

Programming experience is required, and some
familiarity with Python is essential.



Course Material

Slicer4.5 version available at www.slicer.org

spgr.nhdr HelloPython.py

spgr.raw.gz HelloLaplace.py
(124 SPGR images) HelloSharpen.py

Unzip the HelloPythonSlicer4.zip archive



Course Overview
Part A: Exploring Slicer via Python

Part B: Integration of the HelloPython.py
program into Slicerd

Part C: Implementation of the Laplace
operator in the HelloPython module

Part D: Image Sharpening using the Laplace
operator



@ python’

Part A: EXPLORING SLICER VIA
PYTHON



Python in Slicer

Slicer 4.5 includes python 2.7.10 and a rich set of

standard libraries
Included.:
> numpy, VTK, CTK, PythonQt,
and most of standard python library

Not included:

> scipy (scientific tools for python),

> matplotlib (python 2D plotting library),

> ipython (interactive python)

and some other popular packages that we have
found difficult to package for distribution



Python Console in Slicer

& Sicer Fio Ef Help

ex) & Python Interactor 83 3D Slicer 4.5.0-1
&& 'Module = Q QIE i & 4 t - fo S

' v Modujg Panel 85 | @® 1
Toolbal >
= =]
@ 3DSlicer Layo s
€ Error L %0
Welcom )

e eeoconons O€lECE View 2 Python Interactor, or
& Customize Slicer CI| Ck the bu tton ‘i‘

|+ Feedback ‘ l | ’ ‘

Share your stories with us and let us kn - .
" how 3D Slicer has enabled your researc 00 @ Slicer Python Interactor

Python 2.7.10 (default, Nov 12 2015, 13:06:14)
[GCCI 4.2.1 Compatible Clang 3.1 ((tags/RELEASE 31/final))] on darwin
>>>

We are always interested in improving 3D Slicer,
submission will be carefully read.

See more at http://goo.gl/6BvcHm.
[» About

[» The Main Window

| » Loading and Saving

| » Display

|+ Data Probe

Show Zoomed Slice

wmr




General Python Console Features

>

>

>

>

Command Line Editing:

Left/Right Arrow Keys, Home, End

Delete (Control-D)

Command Completion:
Tab Key

thon

[GCC

2.7.
4. 2 1
> sli

Input History:
Up/Down Arrow Keys

@ Slicer Python Interactor

10 (dciault, Nov 12 2015, 13:06:14)
fomp ible Clang 3.1 ((tags/RELEASE_31/final))] on darwin

Scn tedLoadabIeModuIe

Applicatic dler¢g _ ___________
VTK BIMODAL_MODALITY CT
VTK_BIMODAL_MODALITY_MR
VTK_INTEGRATE_BACKWARD
VTK_INTEGRATE_BOTH_DIRECTIONS
VTK_INTEGRATE_FORWARD




& siper [T Edit View Help

Add Volume

_wAddData %0 |

&3 Save

B s

Recently Loaded
7d Close Scene

8€W

3D Slicer 4.5.0-1

s &% o] Select File > Add Data

Welcome 2. Select Choose File(s) to Add

Add data into the scene

sz Load DICOM [

i@: Customize Slic

v Feedback

_ Share your ¢
how 3D Slice

We are always interes’
submission will be care

See more a
» About

» The Main Window
» Loading and Saving
» Display

» Mouse & Keyboard
v Data Probe

Show Zoomed Slice

L
E
B

[Choose Directory to Add

L Reset

Look in:

Name
: - |

3. Load the dataset spgr.nhdr
located in the directory
HelloPython/data

4

File name:

Choose File(s) to Add

File

Show Options
Description

/Users/zhangfan/...helloPython/data +

spgr.nhdr

Files of type:| All Files (*)

Open

R: 0.000mm ¥ G

ox@[%]\

v Size

6.4 M |

roacel

4 Open
+ || X Cancel




Add Volume

® 0 Add data into the scene
'|Choose Directory to Add |[Choose File(s) to Add| Show Options
I File —PDBeseription—
i v /Users/zhangfan/Downloads/helloPython/data/spgr.nhdr Volume =

4. Select Volume for the Description

[ L Reset & OK || X Cancel




Access to MRML and Arrays

@ Slicer File Edit View Help

‘e0e@

&
A

\

e
Y

|~ Feedb

We are
submiss

3D Slicer 4.5.0-1

Modules: . | 2 Welcome to Slicer = Q QOIE ¥ O Run the fOIIOWing COde in

o0 0 @ Slicer Python Interactor the Python COﬂSOle

Python 2.7.10 (default, Nov 12 2015, 43:
[GCC 4.2.1 Compatible Clang 3.1 ((t

)
~I.EASE_3l/final) )] Vil uarwdil
>>> a = sglicer.util.array('spgr')
>>> print(a)

a = slicer.util.array('spgr’)

- Uses the slicer.util package to
return a numpy array of the image
—>The variable 'a' is a numpy ndarray
of the volume data we just loaded

print( a)

—>Shows a shortened view of the array

Fihuen 1R o T P s o
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@ Slicer File
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E 3DSlicer
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| v Feedback

_ Share y
how 3D

We are always ini
submission will be
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Access to MRML and Arrays
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@ Slicer Python Interactor

The intensity values of the spgr
Image appear in the Python
console




Access to MRML and Arrays

@ Slicer File Edit View Help

- = Type the following command to
Modules: . |2 Welcome to Slicer = Q Q|E . .
display the min and max

intensity value of the spgr image
e ——

v@ 3DSlicer

=
.l
o

@ Slicer Python Integflictor

SN S SR B
[131. 02 2] . .
= print( a.min(), a.max() )
(330 . 0 2 3]
211. 013
| v Feedback {2 11 . 01 3%:
_§ [0ooo. 0 0 0]
1 1000..., 000 - Use NUMPYy array methods
[1 RY ]
We are alw
swmisson 11°1 3, 12 1 to analyze the data
S¢ (673 ..., 23 5]
(> About (563 ..., 23 4]]
> TheMain [[0 0 0 ..., 0 0 0]
[0 O 0. 0 0 0]
[» Loading & (210 ..., 100]
| » Display [Zé 1 ..., 12 2]
(040 ..., 01 3]
[*» Mouse & (030 ..., 012]11
'~ Data Prot >>> print( a.min(), a.max() )
(0, 355)

Show Zo >>>

| min =0 ; | max = 355,
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Manipulating Arrays

.

Pe—

% Run the following code in the Python console, -
& (indent each new line with 2 spaces)

Welcome i

@ Slicer Python Interactor

def toggle():
n = slicer.util.getNode('spgr')
a = slicer.util.array('spgr') iii def toggle():
n = glicer.util. getNode( spgr )
a[] = amax()/z -a a = glicer.util.array('spgr')
o see a[f:] = a.max()/2. = a
n.GetlmageData().Modified() g o DjSetImageData().Modified()
prlnt( Toggled ) ! >>> toggle()
Toggled
>>>
>>> -
toggle() >>>

>>>
>>>
>>> E

Show Zoomed Slice

° For practice: use up arrow and return
keys to execute toggle() over and over




The toggle function in more detail

def toggle():
> Defines a python function
> Body of function performs element-wise math on
entire volume
> Easy mix of scalar and volume math

Telling slicer that the image data for node 'n’
has been modified causes the slice view
windows to refresh



[

Qt GUI in Python

% Run the following code inthe .~ & :-s~w -@e
& Python console

Welcome

| NN | @ Slicer Python Interactor
2>

>>> —
>>>

>>>

b = gt. QPushButton("Toggle’) >>>

>>>

b.connect('clicked()', toggle) =
«  b.show() e

>>> b = gt.QPushButton('Toggle’) ||
|3 &= >>> b.connect(’'clicked()’', toggle)
[ True

>>> b.show()|

I

Ll

[»

| » Loading and Saving

| » Display

| » Mouse & Keyboard

| v Data Proka

S

. What do you think will happen when you run this code?

B

o What about when you push the button? 3




Original Result

(*) Put the slicer view windows front to see the changes



In More Detail

Slicer uses PythonQt to expose the Qt library

Sophisticated interactive modules can be
written entirely with Python code calling C++

code that is wrapped in Python

> e.g. Endoscopy, Editor, SampleData, ChangeTracker,
and other slicer modules in the Slicer source code

(*) Qt: http://gt-project.org/
(**) PythonQt: http://pythongt.sourceforge.net/ (MeVis)




v Help & Acknowledgement

Help = Acknowledgement

Example of scripted loadable extension for the HelloPython
tutorial.
o

\E) Hello World!

& OK

v A collapsible button

Hello world

PART B: INTEGRATION OF THE
HELLOPYTHON TUTORIALTO
SLICER4



helloPyth

on\code

HelloPvthon.py

Open the file HelloPython.py
Located in the directory

Module
Description

Module GU

Processing
Code

main vtk, qt, ctk, slicer

.title = I
.categories
.dependencies
.contributors

dget:
t__(self, parent =
parent:
self.parent = slicer.gMRMLWidget ()
self.parent.setLayout (qt.QVBoxLayout ())
self.parent.setMRMLScene (slicer.mrmlScene)

self.parent = parent
self.layout = self.parent.layout ()
parent:
self.setup()
self.parent.show()

setup (self):

= ctk.ctkCollapsibleButton ()
utton.text = "A col i "
self.layout.addWidget (sampleCollapsibleButt:

v sample apsible button
sampleFormLayout = gt.QFormLayout (sampleCollapsibleButton

o
Hh

var as

1loWorldButton




Module Description

class HelloPython:
def _init__ (self, parent): <— constructor

parent.title = "Hello Python"

parent.categories = ["Examples"]

parent.dependencies = []

parent.contributors = ["Jean-Christophe Fillion-Robin (Kitware)",
"Steve Pieper (Isomics)",
"Sonia Pujol (BWH)"] # replace with "Firstname Lastname (Org)"

parent.helpText = """

This code is Example of scripted loadable extension for the HelloPython tutorial.

provided in
the template

parent.acknowledgementText =

This file was originally developed by Jean-Christophe Fillion-Robin, Kitware Inc.,
Steve Pieper, Isomics, Inc., and Sonia Pujol, Brigham and Women's Hospital and was
partially funded by NIH grant 3P41RR013218-12S1 (NAC) and is part of the National Alliance
for Medical Image Computing (NA-MIC), funded by the National Institutes of Health through
the NIH Roadmap for Medical Research, Grant U54 EB005149."" # replace with organization,
grant and thanks.

self.parent = parent



Module GUI

# HelloWorld button

helloWorldButton = qt.QPushButton("Hello world")
helloWorldButton.toolTip = "Print ‘Hello world' in standard ouput.”
sampleFormLayout.addWidget(helloWorldButton)
helloWorldButton.connect('clicked(bool)’, self.onHelloWorldButtonClicked)




Processing Code

qt.QMessageBox.information(
slicer.util.mainWindow(),
'Slicer Python', 'Hello World!')




[ ]
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Integra

[ ]

‘h‘ 3DSlicer

=4

O

~ General

) Appearance

Views

Extensions
Cache

Developer
Python

Extension Wizard
Units

Subject hierarchy
Volume rendering

[ Copy
[ Paste

@& Slicer FiLm View Help
Application Settings 382 7 1
er -

) OIc
®C -
B8V

ting HelloPython

Select Modules from the
Edit - Application Settings

—_— =

Skip loading of any:
Skip loading of builtin:

Prefer Executable CLIs:
Show hidden modules:

Settings

loadable modules ' ' command-line plugins | ' scripted loadable modules
loadable modules | ' command-line plugins | | scripted loadable modules

Temporary directory:

Additional module paths:

2. Open the side

panel and click Add

Default startup module:

Favorite Modules:

Drag & drop from Modules list = Su bTect
Hierarchy

Reset | Restore Defaults

= /var/folders/v5/t_54bxs112z91dt87xr8gxk8h0000gn/T/Slicer

A: 14.238mm

Paths
Add L
Remove
> Transform -
lanyMarkupsFi
Scala es »
rable Data After Scene View Test
tations )
' i\Welcome to Slicer - ! ?n
= © @ A& 4 A
Transforms Markups Editor » '

Volumes Models

@OK | X Cancel

D ey

©




Integrating HelloPython

——
' Select folder

$ e = Euou 555 , code
helloPython dMcode
I

data

3. Add the path to the directory
containing HelloPython.py
(when selecting the directory,
the HelloWorld.py file itself
will not be displayed)

als wis e
® @ O <>

New Folder Cancel



& Integrating HelloPython

@& Slicer File Edit View Help

C Modules: ‘_‘\A\lﬁeﬁorgelto Slicer 2| - ==
odules » .
o = 4. Restart Slicer when prompted.|
L Slicer 4 Data
~ DataStore

Hello Python is now in the
Modules Menu, under the
category Examples

Welcon® 2eov
. Editor
|+ Markups
[ﬁ‘om Load DICOM Data ¢ Models
@ Customize Slicer | Scene Views

Subject Hierarchy
|4 Transforms
M View Controllers
Share your stories@ Volume Rendering

how 3D Slicer has @ Volumes

v Feedback

We are always interested irf &

R: 0.000mm | G A: 0.000mm

e L A

See more at ht

. wWizaras ¥ =olle P,".h PeRart=C mv
jadtout Informatics »|# Hello Python Part D - Sharpen
» The Main Window Registration G

Segmentation »

» Loading and Saving Quantification »
Diffusion »

» Display IGT R
» Mouse & Keyboard Filtering ’
Surface Models »

~Deia Probe Converters >
Show Zoomed Slice Endoscopy »

L Utilities »
F Developer Tools ’
B Legacy »
Filter >

MultiVolume Support




& HelloPython in Slicer

@& Slicer File Edit View Help

Modules: Hello Python

.. Click on Help and
O Acknowledgment

v Help & Acknowledgement

N In the Hello Python module

This file was originally developed by Jean-Christophe Fillion-
Robin, Kitware Inc., Steve Pieper, Isomics, Inc., and Sonia
Pujol, Brigham and Women's Hospital and was partially
funded by NIH grant 3P41RR013218-12S1 (NAC) and is part
of the National Alliance for Medical Image Computing (NA-
MIC), funded by the National Institutes of Health through the
NIH Roadmap for Medical Research, Grant U54 EB005149.

Contributors: Jean-Christophe Fillion-Robin (Kitware), Steve
Pieper (Isomics) and Sonia Pujol (BWH)

—>_8 collancibla hutton

\i.) Hello World!

Hello world QEOK 4 R: 0.000mm | G &

Expand the A Collapsible button tab,
and click on the Hello World button

v Data Probe

Show Zoomed Slice

L
F
B




3DSlicer

Part C:
Implementing the
Laplace™ Operator

*named after Pierre-Simon, Marquis de Laplace (1749-1827)

S.Pujol, Ph.D. - S.Pieper, Ph.D.
NA-MIC ARR 2012-2016



Overview

The goal of this section is to build an image
analysis module that implements a Laplacian filter

on volume data

Use gMRML widgets: widgets that
automatically track the state of the

Slicer MRML scene

Use VTK filters to manipulate
volume data




HelloLaplace.py

main vtk, gqt, ctk, slicer

e e

HelloLaplace:
_ init__ (self, parent):
parent.title = "H P
parent.categories
parent.dependencies =
parent.contributors

with "Firstname Lastname (Org)"
parent

= D g r g nd thanks.
self.parent = parent

idget

e e W

HelloLaplaceWidget:
_ init__ (self, parent =

Open the file HelloLaplace.py
located in the directory helloPython\code

self.laplaceCollapsibleButton = ctk.ctkCollapsibleButton()
self.laplaceCollapsibleButton.text = t
self.layout.addWidget (self.laplaceCollapsibleButton)

at v n the laplace collapsible button
self.laplaceFormLayout = gt.QFormLayout (self.laplaceCollapsibleButton)

.inputFrame = gt.QFrame (self.laplaceCollapsibleButton)
.inputFrame.setLayout (gt .QHBoxLayout ())
.laplaceFormLayout.addWidget (self.inputFrame)

S CATamtan = e AT AT (W Tome T7A7 At M mA1E SemneTwamal




This code is
provided in
the template

Module GUI (Part 1)

def setup(self):

# Collapsible button

self.laplaceCollapsibleButton = ctk.ctkCollapsibleButton()
self.laplaceCollapsibleButton.text = "Laplace Operator"
self.layout.addWidget(self.laplaceCollapsibleButton)

# Layout within the laplace collapsible button
self.laplaceFormLayout = qt. QFormLayout(self.laplaceCollapsibleButton)

# the volume selectors

self.inputFrame = qt.QFrame(self.laplaceCollapsibleButton)
self.inputFrame.setLayout(qt.QHBoxLayout())
self.laplaceFormLayout.addWidget(self.inputFrame)
self.inputSelector = qt.QLabel("Input Volume: ", self.inputFrame)
self.inputFrame.layout().addWidget(self.inputSelector)
self.inputSelector = slicer.gMRMLNodeComboBox(self.inputFrame)
self.inputSelector.nodeTypes = ( ("vtkMRMLScalarVolumeNode"), ")
self.inputSelector.addEnabled = False
self.inputSelector.removeEnabled = False
self.inputSelector.setMRMLScene( slicer.mrmIScene )
self.inputFrame.layout().addWidget(self.inputSelector)



This code is
provided in
the template

Module GUI (Part 2)

self.outputFrame = gt.QFrame(self.laplaceCollapsibleButton)
self.outputFrame.setLayout(qt. QHBoxLayout())
self.laplaceFormLayout.addWidget(self.outputFrame)
self.outputSelector = qt.QLabel("Output Volume: ", self.outputFrame)
self.outputFrame.layout().addWidget(self.outputSelector)
self.outputSelector = slicer.gMRMLNodeComboBox(self.outputFrame)
self.outputSelector.nodeTypes = ( ("vtkMRMLScalarVolumeNode"), " )
self.outputSelector.setMRMLScene( slicer.mrmIScene )
self.outputFrame.layout().addWidget(self.outputSelector)

# Apply button

laplaceButton = qt.QPushButton("Apply Laplace")
laplaceButton.toolTip = "Run the Laplace Operator."
self.laplaceFormLayout.addWidget(laplaceButton)
laplaceButton.connect('clicked(bool)', self.onApply)

# Add vertical spacer
self.layout.addStretch(1)

# Set local var as instance attribute
self.laplaceButton = laplaceButton



In More Detail

CTK is a Qt Add-On Library with many useful
widgets, particularly for visualization and medical
imaging see http://commontk.org

Qt Widgets, Layouts, and Options are well
documented at http://qt-project.org

gMRMLNodeComboBox is a powerful slicer widget
that monitors the scene and allows you to select/
create nodes of specified types (example: here we
use Volumes = vtkMRMLScalarVolumeNode)



& Processing Code

_ laplacian = vtk.vtkimageLaplacian()

Add this laplacian.SetlnputData (inputVolume.GetlmageData())
code laplacian.SetDimensionality(3)

laplacian.Update()




In More Detail

vtkimagelaplacian is a vtkimageAlgorithm operates
on vtkimageData (see http://vtk.org)

vtkMRMLScalarVolumeNode is a Slicer MRML class

that contains vtkimageData, plus orientation

information ijkToRAS matrix (see http://www.slicer.
org/slicerWiki/index.php/Coordinate systems)




In More Detail (Continued)

Global slicer package gives python access to:
> GUI (via slicer.app)
> modules (via slicer.modules)
> data (via slicer.mrmiScene)

slicer.app.applicationLogic() provides helper
utilities for manipulating Slicer state



Go To Laplace Module

4 Hello Pvthon 2= QO EVO %
All Modules " m ,@
Z Annotations ] .
s oo ' Restart Slicer and select module.
~ DataStore
8 Do Note that combobox is empty.
¢ Markups
@ Models
s Scene Views
i Subject Hierarchy v Help & Acknowledgement
;\T,::;sgmfo"ers Help | Acknowledgement
® Volume Rendering This file was originally developed by Jean-Christophe Fillion-
@ Volumes Robin, Kitware Inc., Steve Pieper, Isomics, Inc., and Sonia
|& Welcome to Slicer Pujol, Brigham and Women's Hospital and was partially
t Examples 20 [PYTRIY=w funded by NIH grant 3P41RR013218-1251 (NAC) and is part
r— i Hello Python Part C - Laplace | of the National Alliance for Medical Image Computing (NA-
‘ , 4 Hello Python Part D - Sharoen MIC), funded by the National Institutes of Health through the
Informatics yt p .
Registration \ NIH Roadmap for Medical Research, Grant U54 EB005149.
Segmentation »
Quantification » Contributors: Jean-Christophe Fillion-Robin (Kitware), Steve
Diffusion ’ Pieper (Isomics) and Sonia Pujol (BWH)
IGT >
Filtering ’ =
Surface Models X Laplace Operator
Eﬁ;‘f,i;‘j;i Input Volume: | Select a Volume =
Utilities »
Developer Tools ' Output Volume: | Select a Volume =
Legacy »
Filt »
MluﬁirVolume Support » Apply Laplace




Add spgr.nhdr

@ Slicer
Modules: Hello Python Part C - Laplace '¢| = Q EP O®© @« & 7 $ ~ fe R = K
P = 1%

('i‘z; Slicer

- 4
v Help & Acknowledgement

Help = Acknowledgement -
This file was originally developed by Jean-( — Add data nto the scene
Robin, Kitware Inc., Steve Pieper, Isomics, Choose Directory to Add [Choose File(s) to Add] Show Options
Pujol, Brigham and Women's Hospital and ! . P
funded by NIH grant 3P41RR013218-1281 ¥ File Description
of the National Alliance for Medical Image € | /Users/zhangfan/Downloads/helloPython/data/spgr.nhdr Volume B

MIC), funded by the National Institutes of H
NIH Roadmap for Medical Research, Grani

Contributors: Jean-Christophe Fillion-Robir
Pieper (Isomics) and Sonia Pujol (BWH)

v Laplace Operator

Input Volume: |Select a Volume

Output Volume: [Select a Volume Load the dataset Spgrnhdr
Apply Laplace Iocated |n the dlreCtOry
HelloPython/data

v Data Probe

Show Zoomed Slice

L
F
B




After Adding Volume

¥ Laplace Operator

1. Note that Input Volume combobox
autoselected new volume

Input Volume: |spgr

|
B e 2. Create new volume for output
o :

Output Volume: spgr

Output Volume: | Volume =

Apply Laplace %

‘S‘z,’éfi‘ét"""“ei 3. Run the module




Laplace Module

@ Slicer File Edit View Help
‘e0e@ 3D Slicer 4.5.0-1 |

ta g& Modules: . |#&HelloPythonPartC-Laplace :| = Q © E § @ & . 2 4~ o Fo |+~ @

& Result of Laplace Operator
[~ Help & Acknowledgement ] on Spgr VOIUme

Help | Acknowledgement |

This file was originally developed by Jean-Christophe Fillion-
Robin, Kitware Inc., Steve Pieper, Isomics, Inc., and Sonia
Pujol, Brigham and Women's Hospital and was partially
funded by NIH grant 3P41RR013218-12S1 (NAC) and is part
of the National Alliance for Medical Image Computing (NA-
MIC), funded by the National Institutes of Health through the
NIH Roadmap for Medical Research, Grant U54 EB005149.

Contributors: Jean-Christophe Fillion-Robin (Kitware), Steve
Pieper (Isomics) and Sonia Pujol (BWH)

[~ Laplace Operator ]

Input Volume: | spgr 3

. - "== : 3.
Output Volume: | Volume 3] Y R: 3.050mm

[ Apply Laplace J

[~ Data Probe

Show Zoomed Slice

wmr
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@, 3DSlicer
v

narpening with
olace Operator




Overview

The goal of this section is to add a
processing option for image sharpening.

We’'ll implement this
operation using the existing
Slicer Command Line
Module

‘Subtract Scalar Volumes’




HelloSharpen.py

_ main vtk, gt, ctk, slicer

e e

HelloSharpen:
__init__ (self, parent):
parent.title = "Hel P
parent.categories
parent.dependencies =
parent.contributors =

= nnn

parent.acknowledgementText

self.parent = parent

idget

e e

HelloSharpenWidget:

init _ieelf rnarent = Nanel -

Open the file HelloSharpen.py
located in the directory helloPython\code

setup (self):
# Collapsible button
self.laplaceCollapsibleButton = ctk.ctkCollapsibleButton(
self.laplaceCollapsibleButton.text =

# Layout within the laplace collapsible button
self.laplaceFormLayout = gt.QFormLayout (self.laplaceCollapsibleButton)




Add to Module GUI

Add this self.sharpen = qt.QCheckBox("Sharpen", self.laplaceCollapsibleButton)
Text in self.sharpen.toolTip = "When checked, subtract laplacian from input volume"
) self.sharpen.checked = True

section A self.laplaceFormLayout.addWidget(self.sharpen)




&=+ Add to Processing Code

Add this #optionally subtract laplacian from original image

) if self.sharpen.checked:

TeXt,'n parameters = {}

section B parameters['inputVolume1'] = inputVolume.GetID()
parameters['inputVolume2'] = outputVolume.GetlD()
parameters['outputVolume'] = outputVolume.GetlD()
slicer.cli.run( slicer.modules.subtractscalarvolumes, None,

parameters, wait_for _completion=True )




In More Detail

slicer.cli gives access to Command Line
Interface (CLI) modules

CLI modules allow packaging of arbitrary C++
code (often ITK-based) into slicer with
automatically generated GUI and python
wrapping



Go To Sharpen Module

4 Hello Pvthon PartD-Sharoen 2| ™ Q) O E ¥ © <%
All Modules » 1',@ -

Z Annotations
4 Data
— DataStore

| Restart Slicer and select module.
2 e Note the new sharpen check box

¢ . Markups
@ Models
% Scene Views
= Subject Hierarchy

Help = Acknowledgement

& Transiorms This file was originally developed by Jean-Christophe Fillion-
B View Controllers Robin, Kitware inc., Steve Pieper, Isomics, Inc., and Sonia

@ Volume Rendering Pujol, Brigham and Women's Hospital and was partially
{@ Volumes funded by NIH grant 3P41RR013218-1251 (NAC) and is part
1 of the National Alliance for Medical Image Computing (NA-
MIC), funded by the National Institutes of Health through the

|EN Welcome to Slicer

ij . Hello Python ' NIH Roadmap for Medical Research, Grant U54 EB005149.
¢ Wizards »|# Hello Python Part C - Laplace | Contributors: Jean-Christophe Fillion-Robin (Kitware), Steve
| Informatics 4 Hello Python Part D - Sharpen Pieper (Isomics) and Sonia Pujol (BWH)

Registration »

Segmentation , v Sharpen Operator

Quantification ’ Input Volume: | Select a Volume s
Diffusion »

IGT ' Output Volume: | Select a Volume =
Filtering ’

Surface Models 8 v/ Sharpen

Converters > When checked, Apply

Endoscopy » subtract laplacian

Utilities , from input volume

Developer Tools ’

Legacy 3

Filter ’

MultiVolume Support »




Add spgr.nhdr

@ Slicer
Modules: Hello Python Part D - Sharpen ¢ | = EV O & Bt~ fo S Ml = K
ex @M1
('i‘z; Slicer
“— 4
v Help & Acknowledgement
HEIP ACknOWIedgemem [ ] Add data into the scene
ggsirf]'IeK‘a’;zg'%galgtgfg%?eppeg blgéjrﬁi:q Choose Directory to Add|(Choose File(s) to Add] Show Options
Pujol, Brigham and Women's Hospital ant File Description
funded by NIH grant 3P41RR013218-12€
v Y 9 v /Users/zhangfan/Downloads/helloPython/data/spgr.nhdr Volume :

of the National Alliance for Medical Image
MIC), funded by the National Institutes of
NIH Roadmap for Medical Research, Gra

Contributors: Jean-Christophe Fillion-Rok
Pieper (Isomics) and Sonia Pujol (BWH)

v Sharpen Operator

Input Volume: |Select a Volume

1

Output Volume: |Select a Volume

v Sharpen
Apply

v Data Probe

Show Zoomed Slice

L
F
B

Load the dataset spgr.nhdr
located in the directory

HelloPython/data

L Reset

¢OK | X Cancel




After Adding Volume

¥ Laplace Operator

1. Note that Input Volume combobox
autoselected new volume

Input Volume: | spgr

Output Volume: = spgr '
JE=SE 2. Create new volume for output
E ____________ T — I

3. Run the module

¥ Sharpen

Apply N
E Run the Laplace or
: Sharpen Operator.




Sharpen Module

@ Slicer File Edit View Help
‘e0e@ 3D Slicer 4.5.0-1 )

ta g& Modules: - |#&Hello PythonPartD-Sharpen :| ™= O © E @ @ @ Result Of Laplac|an

@ 3DSlicer

[~ Help & Acknowledgement

Help | Acknowledgement |

This file was originally developed by Jean-Christophe Fillion-
Robin, Kitware Inc., Steve Pieper, Isomics, Inc., and Sonia
Pujol, Brigham and Women's Hospital and was partially
funded by NIH grant 3P41RR013218-12S1 (NAC) and is part
of the National Alliance for Medical Image Computing (NA-
MIC), funded by the National Institutes of Health through the
NIH Roadmap for Medical Research, Grant U54 EB005149.

Contributors: Jean-Christophe Fillion-Robin (Kitware), Steve
Pieper (Isomics) and Sonia Pujol (BWH)

[~ Sharpen Operator

Input Volume: | spgr B

Output Volume: | Volume 5

|« Y &% e=——— 1 R:3.050mm
< Sharpen

l Apply J

[~ Data Probe

Show Zoomed Slice

L
E
B

3: Voltmie T _— BV OItmTe B: Voltmie




Sharpen Module

@ Slicer File Edit View Help
‘@
£,

3D Slicer 4.5.0-1

a2 &3 |Modules: Hello Python Part D - Sharpen 2| = EP O & & 7 t~ fa R 8 @

ex M 15

B oo Adjust Window/Level with
~ Help & Acknowledgement Left' M O U Se' D rag | n S I | Ce

Help = Acknowledgement .
This file was originally developed by Jean-Christophe Fillion- WI n d OW
Robin, Kitware Inc., Steve Pieper, Isomics, Inc., and Sonia
Pujol, Brigham and Women's Hospital and was partially
funded by NIH grant 3P41RR013218-12S1 (NAC) and is part
of the National Alliance for Medical Image Computing (NA-

MIC), funded by the National Institutes of Health through the
NIH Roadmap for Medical Research, Grant U54 EB005149.

Contributors: Jean-Christophe Fillion-Robin (Kitware), Steve
Pieper (Isomics) and Sonia Pujol (BWH)

v Sharpen Operator

Input Volume: |spgr 3
Output Volume: Volume S
R: 3.050mm |G | 'A: 14.238mm
v Sharpen
Apply

v Data Probe

Show Zoomed Slice

L
E
B

B: Volume




Image Sharpening

Laplacian filtered

Laplacian

original




Going Further

Explore numpy for numerical array
manipulation

Review Endoscopy Module for interactive
data exploration using MRML and VTK

See the Editor Module for interactive
segmentation examples

Explore SimplelTK for image processing
using ITK



Conclusion

This course demonstrated how to
program custom behavior in Slicer
with Python

g @ python’

3DSlicer
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