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Why Python

® More than just yet another scripting language

® Object-oriented, garbage-collected, fully introspective, allows
metaprogramming

® Comes with batteries included (lots of modules ready to use,
e.g. xmlrpc, http, sqlite) and many good quality external
modules available
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Python features

® Strongly typed

B 5 S =aa]
>>> b = ‘cow’
>>> c =a + b

TypeError: unsupported operand type(s) for +: 'int' and 'str'

® Dynamically typed
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Python features

® Variables as ‘leashes’

>>>a = [1,2,3]
>>> b = a

>>> a[l] = 4
>>> b = [1,4,3]

® Basic datatypes




Python features

® (lasses, instances and inheritance

class Cow(object):
def init (self,color):

self.Color = color
def GetColor():
return self.Color




Numpy, Scipy

Numpy basic Datatypes

® array datatype

® Multidimensional array
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Numpy, Scipy

From Matlab to Python
| Mab [ Python/Numpy |

a(2:5) a[l:4]
a(l:end) a(0:)
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Numpy, Scipy

Numpy: slicing

>>> a[0,3:5] y
array([3,41) (o 1]2]3]a]s

>>> af4:,4:] 10 (11 /12113 |14 |15

array ([[44, 45], — —
s i 20 21 22 23 24 25

30\E 32 §‘34\35

>>> af[:,2]

B 40 4142143 44 45

504g;752
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Numpy, Scipy

Numpy: fancy indexing

>>> a = arange(0,80,10)

# fancy indexing
>>>y = a[[l, 2, -3]]
>>> print y

>>> mask = array([0,1,1,0,0,1,0,0],
dtype=bool)

# fancy indexing

>>> y = a[mask]

>>> print y
,20,50




Numpy, Scipy

Numpy: fancier indexing
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[50, 52, 55]1]) ™

30 31132 33/34 |35

40 41 42 43 |44 45

50 51 |52] 53 | 54 | 55



Numpy, Scipy

Numpy broadcasting

Semantic of binary operations between arrays
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Python in Slicer

® Wrapping the VTK way

Tl VTK




Python in Slicer

® Wrapping the Slicer way

Tcl Slic




Python in Slicer

® Wrapping the Slicer way

Python Slicer
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Python 2.5 3cl (releasel5S-maint:6TE20, Dec 17 2008, 10:12:52)
[GGC 4.0.1 (Apple Inc. build E4657]
Copyright (c) 2001-2008 Python Software Foundation.

B 411 Rights Reserwved.

Copyright f(c) 2000 EeCpen. com.

{211 Rights Reserwved.

Copyright (c) 1995-2001 Corporaticn for Wational Research Initiatiwves.
411 Rights Reserwved.

Copyright (c) 1991-1985 Stichting Mathematisch Centrum, Amsterdam.
&11 Rights Resecwved.

Python Console wl.4 by Ka-Ping Yee <ping®lfw. org:
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The Slicer module

% 3D Slicer Version 3.3 Alpha
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Python 2.5 3cl (releaseZS-maint:67520, Dec 17 2008, 10:12:5%)
[GCC 4.0.1 (Apple Inc. build S465)]

Copyright (c) Z2001-2008 Python Software Foundation.

A1]1 Rights Reserwved.

Copyright (c) 2000 BeOpen. com.
11 Rights Reserwved.

Copyright i(c) 1995-2001 Corporation for Wational Research Initiatiwes.
A1]1 Rights Reserwved.

Copyright (c) 1991-1995 Stichting Mathematisch Centrum, Amsterdam.
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Python Console wl.d by Ea-Ping Yee <ping@lfw. org:

#e» from Slicer import slicer

»er 1mage = slicer. vikImageDatal)

»rr 1mage. Getlimensions ()
[0, 0, 0]

»r» 1nteractor
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slicer. ApplicationGUI. GetRenderWindowInteractor ()




Fetching/creating/editing MRML nodes
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Python 2.5 3cl (releaseZS-maint:6¥820, Dec 17 2008, 10:12:.5%)
[GCC 4.0.1 {Apple Inc. build 5465 ]

Copyright (c) Z001-2Z008 Python Software Foundation.

A1]1 Rights Reserwved.

Copyright (c) 2000 BeOpen. com.
B1]1 Rights Reserwved.

Copyright i(c) 1995-2001 Corporation for Mational Research Initiatiwves.
A1]1 Rights Reserwved.

Copyright i{c) 1991-1995 Stichting Mathematisch Centrum, Amsterdam.
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Python Console wl. 4 by Ea-Ping Vee <pilngRlfw. org:

»»» from Slicer import slicer

»»» scene = slicer MEMLScene

#r» E1MRIWolume = scene. GetNodeBvwID('witkMEMLScalarVolumeNodel')
»er bype (E1MRIVolume)

<class 'Slicer. vbkMEMLScalarVolumeNode ' -

»x» t1MRIImageData = t1MRIVolume. GetImageDatal)

»»» type(C1MRIImagelata)

<class 'Slicer. vtkImageData':

»»» E1MRIImagelata. GetDimensions ()

[256, 256, 136]
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Volumes to Numpy ndarrays and back

>>> from Slicer import slicer
>>> gcene = slicer.MRMLScene

>>> node =
scene.GetNodeByID( ‘vtkMRMLScalarVolumeNodel"')
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File Edit View ‘Window Help F
>>> arr = node.GetImageData().ToArray() Al ]| Modues: HiE
>>> type ( arr ) : Liial - [EX Mahe
<type ‘numpy.ndarray’> = T e =

>>> arr.max()
367

>>> arr[arr>200] = 200
>>> node.Modified(
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Controlling Slicer from Python

>>> from Slicer import slicer
>>> layout = slicer.ApplicationGUI.GetGUILayoutNode/()
>>> layout.SetViewArrangement (3)

% 3D Slicer Version 3.3 Alpha
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Command-line (XML) modules

® |n addition to executables and shared libraries

® Readily available: simply copy the .py file in the Plugins
directory (or point Slicer to an external Plugins directory)

® Slicer doesn’t have to be restarted for changes to the code
inside Execute to take effect
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Command-line (XML) modules

XML = """<?xml version="1.0" encoding="utf-8"?>
<executable>

<category>Python Modules</category>

<title>Python Surface ICP Registration</title>

<description>
Performs registration of the input surface onto a target surface using
on the Iterative Closest Point algorithm.
</description>

<version>1.0</version>

<documentation-url></documentation-url>

<license></license>

<contributor>Luca Antiga and Daniel Blezek</contributor>

<parameters>
<label>Surface ICP Registration Parameters</label>
<description>Parameters for surface registration</description>

<string-enumeration>

Lan




Numpy command-line (XML) modules

See Demian’s slides
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Running a plugin from Python

® Command line modules calling any registered command line
module (not necessarily another Python module)

import Slicer

from Slicer import slicer
volumel = slicer.MRMLScene.GetNodeByID(*“vtkMRMLVolumeNodel”)
volume2 = slicer.MRMLScene.GetNodeByID(*“vtkMRMLVolumeNode2"”)
gin(“Subtract Images”)
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Scripted modules in Python

® Python CLI modules, like CLI modules in general, are not

interactive: they only respond upon pushing “Apply” and
cannot provide custom interaction, dynamic GUI updates
and additional observations in general

® Scripted modules allow to do that (at the price of more
coding)




Scripted modules in Python

® Example: PythonGADScriptedModule

from SlicerScriptedModule import ScriptedModuleGUI
from Slicer import slicer

class PythonGADScriptedModuleGUI (ScriptedModuleGUI):
def init (self):




Scripted modules in Python

® Example: Adding an observer to an existing Slicer object instance
(e.g. for placing custom fiducials, ...)

from SlicerScriptedModule import ScriptedModuleGUI
from Slicer import slicer

class PythonGADScriptedModuleGUI (ScriptedModuleGUI):




