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Beyond Scripting: What's available out there ?

Familiarize yourself with software options to
select the library that is best suited for your
project.

« Data extraction versus algorithm development.
« Should I invest in getting familiarized with a tool ?

This presentation introduces a few software libraries that you may (or may not) EMORY
use in your research projects.
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Options at a Glance

* Vendor-provided scripts great for simple
data-analytics type projects

« RaySation, Varian ESAPI, Varian Velocity, Elekta 1QScripts

— Provide direct access to your clinical system database, algorithms
— Perfect for customized interfaces to your clinical system

* Development Libraries

* ITK, VTK, RTK, TubeTK
— Offered as code that has to be compiled for your computer configuration
— Learning curve to understand the algorithms
— Flexibility in creating your own algorithm
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Existing functionality in your clinical system ? Use scripts. EMORY
Want to build your own algorithm ? Look at other libraries.




Scripts

Or how to quickly customize your clinical system
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Sample Scripting: ESAPI

C# code to access objects in Varian's database

CodePlex -

Register | SignIn

m

Varian Developers Forum

SOURCE CODE DOWNLOADS DOCUMENTATION DISCUSSIOMNS ISSUES PEOPLE

Page Info | Change History (all pages) + Follow |

Any value that you see In Eclipse can be accessed

T
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ample Scripts (ESAPI)

« Extracting patient statistics

Planning | Tools | Window

from database 4

nage Regil Import / Export Configuration... y
DICOM Print Configuration...
Warkstation Configuration...

Task Configuration...

HOME  CLEAR Scripts..,

ELROL

Report
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* Checking if a pl
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« Automating treatment

Prostate Margin Checks

different types of str

Erpanded  Expandod  Source

L] aurca
Stktice SINICTae STRTEE STHire At Past Right Leh Sup Inf. PasziFail
empiare  #m fompime  Han p | C | k
03 ¢ 003em 0.5 = 005 D5 £ 005cm. 0.5 £ 0.08cm 05+ 005em 05 DSem a I’_] We(: S
| 20 Py o o 2 O48am 045am e

ad7em 0.45m

Conventional Plan Checks Easily input department plan
Fian Check Capected Proctaredito Face/Tal Commert check standards and 'deqt'f\}f
oo aa % . . . ,
= v deviations inyour patient's
o " / e
o X
= v
100% i e
s : =7




Volume

Data Extraction

Pinal cord

( Spinal_Cord )
esophagus

( Esophagus )
ribs

( Ribs )

skin
( Skin )

« Automated extraction of
RTOG protocols, treatment - - =T i o

ge sum V20Gy < 10%

logs, dose and contour data - > . E
for research projects. e e R
2 II\?'JIII::::Nar’nE: Alb-SBRTLLUNG
7
8
. . 9 1 Conformity Index
n 10 Cl
o |npUt - A list of patlents and e S —— -
h E 2 R50%
W at tO eXtraCt 12 [ V50% [ 774.53 e L;r.ns:;s
17 | PTV Val (c.c.) | 239.57 3.23 2.70
ZE 3 Lung Dose:
21 Mean Dose (Gy) 4.69
* Output: An Excel file to : e
25 4 Max Dose Structures:
. 26 Dose (Gy) Limit
Interpret : it s :
29 Skin 18.1 40
30 Esophagus 15.4 32.5
31 Heart 20.93 35
32
WINSHIP
Scripts are perfect for batch extraction of patient statistics RAALIR b




Advantages\Disadvantages

e Access: Your code has

et fEEees 6 (e * Limited functionality:
clinical data Only algorithms
available in the clinical
* Practical: Easily system can be used

Integrates your with your
clinical workflow.

 Mostly Clinical: Not a
» Automation of repetitive good tool for

and tedious tasks best developing “your idea”
suited for scripting. '

WINSHIP
CANCER
INSTITUTE

Use scripts for data-oriented projects REAUI




Data Access

Or how to access any data in the database
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Borland”

Direct Database Access

Using C++ Builder to connect directly to the
database. Other compilers can be used as well

File Edit 5Search View Refactor Project Run  Component Tools AQtime Window Help @

HEDm TN E-88&a&: - -lIEH s WL HR: €~ > - [smndard[addtonalIWn:ﬂ]svstem]uurn3 1]D|a|ogs]Datzamess[Dam::ontds dbExpress | EDE | Rave | Internet | Servers
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» |+¥

=] FormDatabaseTest
&[5 DBGrid1
& [5] DBGrid2
{5 DBGrid3 PatientSer i Patientld2

G e These tables connect 1 cAP00n

=[5 DBGrids 2 Varian_CAP Varian_ID

SQLOLEDE. 1 {ADOConne dlrectly tO the data base ’ 3|zzz_CAP_SSeq 1.2.248

'} SQLOLEDB. 1 {ADOConne
+}-#% SQLOLEDB. 1 {varianenm

Database access test

TreatmentRecordSer|PatientSer SeriesSer ATPlanSer Plan30PClass5er |TreatmentRes

FormDatabaseTest TFormDatabaseTest

Properties | Events |
Action -
ActiveControl
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alignvithMargins ||| False P rescri pt lons:
AlphaBlend False . .
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AutoSize False 1 1
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Database Access Configuration

|

Z Varian_CAP

Yarian_ID

3 zzz_CAP G5Segq

;:atmt:nth: (1] n:ISt:rI Patienty

|
]

escript

FormDatabaseTest. A0

Source of Connection

() Use Data Link File

@ Use Connection Strirn
ption for Data=Falg

urseSer

Diagnosig

1.2.246
1.2.246

[ Data Link Properties

Provider | Connection | Advanced | Al |

o

[
-E Data Link Properties

DPCla

Provider | Connection |M'u'anced I Al

Select the data you want to connect tao:

)
|

OLE DB Provider(s)

Microsoft Jet 4.0 OLE DB Provider

Microsoft OLE DB Provider for Analysis Services 12.0
Microsoft OLE DB Provider for Indexing Service
Microsoft OLE DB Provider for ODBC Drivers
Microsoft OLE DB Provider for Oracle

Microsoft OLE DB Provider for Search

Microsoft OLE DB Simple Provider
MSDataShape

OLE DB Provider for Microsoft Directory Services
S0L Server Native Client 10.0

S0L Server Native Client 11.0

Sybase ASE OLE DB Provider

Microsoft OLE DB Provider far SQL Server

1. Select or enter a server name:

Specify the following to connect to SQL Server data:

551187

|ser name: reports

Fassword: sesssss
[] Blank password

3. (@ Select the database on the server:

vanansystem

vanansystem
Ilzing the filename:

You may be able to get direct access to your vendor’s database.

2. Enter information to log an to the server:
(7 Use Windows NT Integrated security

@ Use a specific user name and password:

Allow saving password -

(71 Mtach a database file as a database name:

| ok || cance ||

. [ Test Connection ] I

Help | | ok || cancel || Hep |
3¢ EMOKY | it
INSTITUTE




Database Access Without Code

|ADOTable6 TADCTzble [z] |Teos AQtime Window Help @
P cvens N E| 3 & 6 T R TR Y gIsmndard[AddﬁonalWSystemleS.l Dialc
Active [ True L 7 = [ox] @ [
AutoCalcFields [¥]True i @‘ |_—J - Iz] |;
CacheSize 1 Nelcome Pagel [ unitDatat Test.cppl
| CommandTimeout 30
Connection varianenm
i ConnectionString
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CursorType ctStatic
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ExecuteOptions 0 1 CAP-0001
Filter - -
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IndexName 4 RPID
LockType ItOptimistic 5 CAP-0002
MarshalOptions moMarshalall
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| MasterSource DataSourcel 7 WazndafcutQg=
Just select your data MoxRecords o 8[TECH
MName ADOTables
b I f | O ReadOnly [[False 9/123456
ta e rom a |St . TableDirect [CIFalse 10 DS
> [TableName ‘TreatmentRecord = 11 GJ
Tag PhysidianIntent -
PlanConcurrency 12 SK
PlanningSystem 13 Wl
Zero lines of code PlnReiafionstip 14 Anonymized1234567889 Anonymized123546788
. FlanSetup
PlansetupstructureModelStructure 15 Anonymousl Anonymousl
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PlanSumPlansetup |:| 17 5062
PlanTypes 18 5291
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PointOfContact 195249
PortalDoseAnalysis 20 5200
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escription
PrescriptionAnatomy 22 5062a
PrescriptionAnatomyltem 232513
PrescriptionProperty 5202
PrescriptionPropertyltem
PrescriptionTemplate -
RecurrencePuleSer|ReadByAppUserName ReadByDateTime
o o 1
You can also run SQL queriesjagainst the database. 1
1
1
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Beyond Scripting

Or libraries to for developing your algorithm
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Beyond Scripting

 Open source: Set of library offered as code. You
can modify it in any way your like.

 Don’t invent the wheel: Set of standard building
block performing common tasks that you can
configure to your needs.

* Feel free to modify: You can change the code
according to your project needs.

WINSHIP
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Here is the code. You have complete control. RAALIR




Sample Library: ITK

| "-",F fware

PROJECT RESOURCES OPEN SOURCE

Welcome to the National Library of Medicine Insight Segmentation and
Registration Toolkit (ITK). ITK is an open-source, cross-platform system that ITK

provides developers with an extensive suite of software tools for image analysis. [TK provides leading-edge segmentation and
registration algorithms in two, three, and more dimensions;

Developed through extreme programming methodologies, ITK employs A
it is distributed as an open-source software package.

leading-edge algorithms for registering and segmenting multidimensional data.
The goals for ITK include:

e Supporting the Visible Human Project. -

e Establishing a foundation for future research. /7
< * Creating a repository of fundamental algorithms. >

* Developing a platform for advanced product development.

e Support commercial application of the technology. /
e Create conventions for future work. v P

Start Using ITK »

* Grow a self-sustaining community of software users and developers.

NINE NiDeD NIDCR



Many Algorithms Available

Best suited for :
« Larger research

projects.
) * Need
/ 8k K- Seqmentaion & Regi. % B N customization/changes
' over time.
‘ € @ wwwitkorg C || Q Search w B8 ) )
- . « Likely to implement new
ll’\fﬁ ware. Search -
algorithm or
approaches.
pROJECT RESOURCES « Commercial software
development
Welcome to the National Library of Medicine Insight Segmentation and i
Registration Toolkit (ITK). ITK is an open-source, cross-platform system that |TK
provides developers with an extensive suite of software tools for image analysis. [TK provides leading-edge se¢ @ Mostly written in C++
Developed through extreme programming methodologies, ITK employs regztrangn igorithmsin twa @' Mature, well-established codebase
it is distributed as an open-sol
leading-edge algorithms for registering and segmenting multidimensional data. S8 s £ @ ‘-.-"er},-' |.E|rgEr active dem_relopment team

@' Well-commented source code
@ Stable Y-0-Y development activity

The goals for ITK include:

e Supporting the Visible Human Project.
* Establishing a foundation for future research. ‘ 2
* Creating a repository of fundamental algorithms.

2015 more at Open HUB

* Developing a platform for advanced product development.

e Support commercial application of the technology.
e Create conventions for future work.

Insight Toolkit - Project Cost

* Grow a self-sustaining community of software users and developers.

News More News > Indude Avg. Salary

) _ Markup And Code - $ 55000 fyear
12.16.2014 Kitware Announces a Virtual Surgery System to Help Surgeons
ek Codebase Effort (est.)
10.09.2014 Kitware Receives Award to Develop Retinal Image Management 1,702 264 Lines A48T Person Years

System...
Estimated Cost $26,785.280

There are thousands of algorithms implemented in ITK 1 Jul 05, 2015 more at Open HUB




Scripting versus ITK

« Scripts sample applications:
| don't like the buttons in the commercial application
« My colleagues would need to print customized reports
« Would like to do some analysis with the clinical data

* |ITK sample applications:
| want to develop a new segmentation algorithm for my
Images.
* Need a customized image registration for my images
« Want to develop an image reconstruction algorithm.
« Some insight into images
WINSHIP
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Scripting is easier to learn. ITK gives you more flexibility. RAALIR



A family of libraries

VTK: Visualization Toolkit ITK: Insight Toolkit
Q -
Q VolView Wlparaview
Visualize images Visualize meshes

MeVisLab A CMake

Rapid prototyping Multi-platform build system
: : EMORY | WINSHIP
All these libraries use same concepts and are connected. CANCER
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Why | Like It ?

« ITKand VTK are like Legos

— ITK designed as building blocks from which customized applications

are created.

ITK: Modules % \+

¥ lego > w A 9 & A O =

€ www.itk.org/Doxygendd/html/m C

@, N
/ét_ly ITK 4.8.0 E
_ Insight Segmentation and Registration Toolkit
Main Page | Related Pages m Namespaces ‘ Classes | Files ‘

Examples ‘ Q Search

Modules I

Here is a list of all modules:

[detail level 122456 7]

Data Representation Objects

Image Representation Objects

Mesh Representation Objects

Path Representation Objects

Geometry Representation Objects
Data Access Objects

Image Access Objects

Mesh Access Objects

Tterators

Image Iterators

Objects Related to Tensor Images

www.itk.org/Doxygendd/html/namespaces.htm| o
L

Build your own toy from code snippets

EMORY ‘
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Prototyping

;
% MeVisLab - [* BasicExample.mlab - C/Users/edi/Desktop/ITK and VTK Exmaple] =

File Edit Modules Applications Extras Scripting View Networks Panels Help

na

oothingRecursi animageriiter

b/

Locallmage

Drag-drop interface to create customized algorithms

Medical Image Processing and Visualization

MeVisLab represents a powerful modular framework for image processing research and
development with a special focus on medical imaging. It allows fast integration and testing
of new algorithms and the development of clinical application prototypes.

- ‘; MeVisLab

% | MeVisLab: MeVisLab L+

€ @ www.mevislab.de
\_

|| Q MeVistab

MeVisLab

Medical Image Processing and
Visualization

MeVisLab represents a powerful modular framework
for image processing research and development with a
special focus on medical imaging. It allows fast
integration and testing of new algorithms and the

from building ‘blocks:

‘What Developers Think of
MeVisLab

"It is a great sophisticated concept. Its standardized
module principle enables rapid prototyping and offers a
wide range of features, supported file formats, and
extensibility options. The combination of visual
programming, Python scripting, and C++ programming
makes MeVisLab a powerful tool for developers."

SN B 9 3 A O =

P
R

HE

A Cancer Center Designated by
the National Cancer Institute



& a& MeVisLab
I |

Why the Lego Analogy ?

Libraries are a collection of “building blocks™ that can be connected to
your needs.

SynchreViewzb
ATA

A filter (building block) that does some

./ - processing to an image

itkHMinimalmageFilter itkEliplmagekFilter
A A

\/

itkEliplmageFilter
A

A connection between the building
blocks

WINSHIP
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INSTITUTE

Locallmage
[t ) EMORY
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MeVisLab

e
i

Example

The itkFliplmageFilter image filter will flip an image along a user
specified axis.

SynchroView2Db
A A

SynchroView2D
$ A A

Displays images

\/

itkEliplmageFilter

A
v Image filter: flips along one axis
itkEliplmagekFilter
A \/
Locallmage

Reads an image from disk

Locallmage

WINSHIP
CANCER
INSTITUTE

nnnnnnnnnnnnnnnnnnnnnnnnnn



Example

.%.‘I. MeVisLab

Easy to change setting to experiment on your images

Original image

Processed image

o B 2]

nchroView2D

Filter options

1 Panel itkFliplmageFilter o|E] 8
Main \ MinMax | Clamp |

Parameters

itkFliplmageFilter:

Flip Axes: X 0 |y 1|z (1]

2

Flip About Origin:

oordinate Tolerance: a
Direction Tolerance: Lx10r
Apply Mode: Apply !

Update Mode: ILlpdate j

Experiment with algorithms without writing code

(S Y A—

LOGa lljﬂgi

N

EMORY
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== MeVisLab
1

Experimenting With Options

#
i Panel SynchroView2D o | B 23

|
100 mm 100 mm
|

LUT CiW: 1546.0 / 1634.0 || Slice: 0

Parameters

itkFlipImageFilter:

Flip Axes: |><
Flip About Crigin:

" aée-ters

itkFlipImageFilter:

: : : : L Flip Axes: | x ly 1Yz o[
Experiment with algorithms without writing code R
Flip About Origin: v [E



= a MeVisLab
i1

Example

Example of simple pipeline to smooth SR—
a CBCT dataset A_A

Original Image Smoothed Image - \V/
itkHMinimalmagekilter

/\

f Panel SynchroView2D

X7
| itkSmoothingRecursiveGaussianimagekilter:

/\

—_— v -
itkEliplmagekilter;

WINSHIP
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Example Coding

From prototype to coding

EHint main (int argc, char *argv[])
{
ffdefine the images type
typedef itk::Image< long, 3 > ImageType:

J/read an image | 8 \ /
typedef itk::ImageFileReader< Imagelype > ReaderType;
EeaderType: :Pointer imageReader= EReaderType: :Hew():
imageReader->»SecFilelames ("c:h\\myFile.dcm™) ;

llocallmage

S femoothing filter
typedef itk::SmoothRecursiveGaussianFilter< ImageType, ImageTvyvpe > SmoothFilter:
SmoothFilter: :Pointer smoothFilter = SmoothFilter::HNew():
smoothFilter->SetInput ({ imageBReader->GetCutput() )7 \ /
smoothFilter->Update () s

itkSmoothingRecursive@aussianimagekiiter:

/\

Once you prototyped your pipeline and settings, you can write corresponding EMORY id il
code to build an application INSTITUTE




Template Code
It's easy to readapt to code to new situations

ITK Definition:

template< class TPixel, unsigned int VImageDimension >
Image< TPixel, VImageDimension >

]::Image(”
{
m Buffer = PixelContainer::New();
Your Code:
Jint main (int argc, char *argv([]]}
i
typedef itk::Image< long SliceTvype: ff a CT =slice
typedef itk::Image< long VolumeType f/ a CT wvolume
typedef itk::Image< long ScandDType; S5 a 4D CT =can
typedef itk::Image< float, 3 > Do=seType; /f a dose wvolume

CANCER

EMORY ‘ WINSHIP

INSTITUTE




Your Own Filter

Deriving a filter from the ITK objects is simple:

Deriving a new inherited filter

T Err.f 1 w
class MyOwnImageFilter:public ImageTolmageFilter< TImage, T%%EEE:E:>
i

public:

Implementing your own equation, f(x) = x 12346

inline TCutput operator|() (const TInput & 4) const
i
const double input
const double outpu

— ulble > & )} ;
pow(input,1.23546) ;

return static cast< TOutput >( output }:

EMORY

WINSHIP
CANCER
INSTITUTE




Catalog of ITK Features

Image 10
* Image processing
— Canny Edge
— Hough Transform (lines/ellipsoids)
— Variable Conductance Diffusion
« Geometry I0/representation/processing (Spatial Objects)
« Statistics
« Registration/Segmentation
* Numerics (VXL)
« Optimizers
* Finite Element Simulation

WINSHIP
CANCER
INSTITUTE

There are thousands of algorithms implemented in ITK BV

the National Cancer Institute



Sample Project: Radiomics

Simple voxel statistics: minimum, maximum, mean, standard deviation, variance.

Image filters: Canny, Laplacian, Sobel, derivative, Hessian, Sharpening, gradient magnitude, HMinima, HMaxima, HConvex,
Hconcave.

Shape statistics: elongation, perimeter, radius, flatness, roundness, volume, etc.
First order textures: energy, entropy, inverse difference moment, inertia, cluster prominence, cluster shade.
Second order textures: short run emphasis, long run emphasis, grey level non- uniformity, run length non-uniformity, low gray level

run emphasis, high gray level run emphasis, short run low grey level emphasis, short run high grey level emphasis, long run low
grey level emphasis, long run high grey level emphasis.

Sample features extracted with ITK: (a) Original CT (Figure 1). (b) Gradient magnitude. (c) HConvex with a threshold of 500 HU (d)
Homogeneity texture (e) Laplacian sharpening.



Where To Find Help

)

m@g

| O VTK docuemntation > ﬁ B ¥+ i 80 =

VISIt thE website classes.html

@ Download the software

@ Join the mailing list Hiararchy | Class Members ‘

% Attend a training course

N CIDIEIFIGIHIIIIIKILIMINIOIPIQIRISITIUIVIWIX|Y|Z]_
S Purchase support

m Buy the ITK Software Guide

VLIRS LIUNIUYEL

vitkABI

vitkAbstractArray
vikAbstractCellLocator
vtkAbstractContextBufferId
vtkAbstractContextItem
vtkAbstractElectronicData
vitkAbstractGridConnectivity
vitkAbstractimageInterpolator
vtkAbstractInteractionDevice
vtkAbstractInterpolatedVelocityField
vtkAbstractMapper
vitkAbstractMapper3D

-~

‘ Modules ‘ Namespaces Files ‘

vtkHierarchicalPolyDataMapper
vtkHighestDensityRegionsStatistics
vtkHomogeneousTransform
vtkHoverwidget

vtkHull

vtkHyperOctree
vtkHyperOctreeAlgorithm
vtkHyperOctreeClipCutPointsGrabber
vtkHyperOctreeContourFilter
vtkHyperOctreeCursor
vtkHyperOctreeCutter
vtkHyperOctreeDepth
vtkHyperOctreeDualGridContourFilter
vtkHyperOctreeFractalSource
vtkHyperOctreeLightWeightCursor
vtkHyperOctreeLimiter
vtkHyperOctreePointsGrabber
vtkHyperOctreeSampleFunction
vtkHyperOctreeSurfaceFilter
vtkHyperOctreeToUniformGridFilter
vtkHyperStreamline

< | m




Visualization Tool Kit

FEatL@S ¥ Resources

D

i VTK - The Vil plization To... £ Google x | +

(‘ = vik.org 5 VTK

Presenting
vtkAngularPeriodicFilter

Learn more

Kitware offers advanced software R&D solutions and
services. Find out how we can help with your next VTK
project.

VTK Blog Posts
07.01.2015 Virtuous Sustainabllity

06.12.2015 Simple, Parallel Computing

with vtkSMPTools

06.09.2015 Lightweight Periodic Dataset

Generation

05.05.2015 Buildbot Primer for VTK and

ParaView

05.03.2015 VTK's Biggest Google Summer

of Code Yet

ContactUs O

Learn More

VTK — Algorithms to visualize the data

Open Source
Platform Agnostic
Language Agnostic
Data Model
Visualization
Modelling

Imaging

3D Graphics

2D Plots and Charts
Interaction

InfoVis

Parallel Processing



Paraview

& - 0 ParaView 3.12.0 64-bit

File Edit View Sources
2Rl
U 8 &% | @solid color

Pipeline Browser

Filters Tools Macros

[

|| [surface

Help

K <l
&4

=) (
=2 ®
B [FIE]=

-]

(]

B cs:/flocalhost:11113
N

@ @ headsq.vti

@

Object Inspector [&)x]

Properties [ Display | Information ]

Apply ‘ l 3 Reset ‘ ;
5 (4]
~E-Contour
Contour By [ o Scalars_ =)

[%| Compute Normals
[] Compute Gradients

[_| Compute Scalars

~(-Isosurfaces

Value Range: [0, 4095]
20475 [

l Delete All [

I New Value j
el
ISy AN A | Y

\ New Range

[_| Scientific E‘
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ParaView 4.3.1 Available
for Download

__Kitware offers advanced software R&D solutions and

ParaView Blog Posts

06.12.2015 Simple, Parallel Computing
with vtkSMPTools

06.09.2015 Lightweight Periodic Dataset
Generation

06.05.2015 Project Tango at Kitware:
Update at CVPR 2015

05.23.2015 2015 CDPHP Workforce Team
Challenge

05.14.2015 New in ParaView: Quartile
Chart View
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Open-source application to visualize meshes
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@ VolView

VolView 3.4 now available

Volview is an open-source, intuitive, interactive system for volume visualization
that allows researchers to quickly explore and analyze complex 3D medical or
scientific data on Windows, Mac and Linux computes. Users can easily load and
interactively explore datasets using 2D and 3D display methods and tools. 3D
tools indude volume rendering, maximum intensity projections, and oblique
reformatting. The ability to save an entire visualization session allows users to
easily stop and start sessions. Advanced users can perform custom data
processing using a simple plug-in APL.

Kitware offers commercial consulting, support, and training services that can help
your organization make the most of our tools. We can provide on-site or online
training for your team, dedicated support services to help you effectively visualize
and process your data, and customized consulting services to extend the VolView
functionality or create a version specialized for your needs. For more information,

please see our Support and Services page, or contact us.
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VolView 3.4

Advanced volume visualization for Windows,
Linux, and Mac

Open-source application to visualize images
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www.volview.org
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