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Image Processing in SCIRun

Four primary options:
e Native SCIRun
— Interpolation

— Gradient
— TransformFieldData

« Teem (Nrrd, Gage, Tend, ...)
— N-dim raster data “ Swiss Army Knife”
— Crop, slice, permute
— Local measures (via Gage and Tend)

e ITK

— Similar filtering operations to Teem

— Segmentation filters (threshold, confidence-connected,
level sets, ...)

— Registration
- MATLAB
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Learn “unu” and “tend” (Verbs of
Raster Processing)

Decompose Complex Tasks Into
Simple Steps

Accurate Kernels

* Derivatives between sample points

dmw stitchd tend
—— Diffusion Tensor Proceszing and Analysiz ———

tend grads ...
tend epireg ...
tend bmat ...
tend estim ...
tend =im ...
tend make ...
tend helix ...
tend sten ...
tend glvph ...
tend ellipse ...
tend anplot ...
tend anvol ...
tend anzcale ...
tend anhist ...
tend point ...
tend =lice ...
tend fiber ...
tend norm ...
tend eval ...
tend evalpow ...
tend evalclamp ...
tend evalodd ...
tend evec ...
tend evecrgh ...
tend evg ...
tend unmf ...
tend expand ...
tend shrink ...
tend bfit ...
tend zatin ...
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Terminal — tcsh (ttypl)

Calculate balanced gradient directions for DWI gcquisition
Register diffusion-weighted echo-planar images

Calculate E-matrix given gradient directions

Estimate tensors from a set of DW images

Simulate DW images from a tensor field

Create DT wolume from confidence and eigensystem
Generate twisting helical tensor field

Colculate structure tensors from o scalar field

Generate postscript or rav-traced renderings of 30 glvphs
Generate postscript renderings of 20 glvphs

Graph anizotropy metric in borycentric coords

Apply an anisotropy metric to a DT wvolume

Scale the onisotropic component of the tensors

Generate borvocentric histogroms of anisotropy

Describe everything about one sample in a DT wolume
Slice 30 tenszors to get slobsimoge of 30/2D0 tensors
Extract a single fiber tract, given a start point
MNormalize tensor size

Calculate one or more eigenvalues in a DT wvolume

Modify shape by raising eigenvalues to zome power

Modify shape by clamping eigenwalues in some range
Modify shape by adding a constont to all eigenvalues
Calculate one or more eigenvectors in a DT wolume

Make an RGE wolume from an eigenvector and an anisotropy
Quantize directionz of diffusion

Applies and removes the measurement frame

Corwerts a 7-value DT volume to a S—value DT wolume
Converts a 9-value DT volume to g 7—value DT wolume
Non-linear legst-squares fitting of b—value curves
Generate a pretty synthetic DT wolume

dmw stitch® unu
——— unu:
uny gbout ...
unu ey
unu make
unu head
unu data
unu convert
il resample
unu cmedian
unu minmaz
uny quantize
unu unquantize
unu project
unu zlice
uny dice
unu splice
unu join
uny crop
unu inzet
unu pad
uny reshape
unu permute
unL SwWap
unu shuff le
unu flip
unuy unorient
unu axinfo
un axinsert
unuy axzplit
unu axdelete
unu gxmerge
unu tile
unu untile
unu histo
unu dhisto
ury jhisto
unu histax
uhu hieg
unL ganmma
unu lop
unu Zop
unu 3op
unu lut
uny mlut
uny subst
Uy rmap
UrL e map
unu imap
unu lutz
unu ccf ind
uny ccad;j
UL CCmetge
ur cczettle
UnL Save
duw stitchi [|

lerminal — tcsh (ttyp1)

Utoh Nrrd Utilities commond-line interfoce ———
Information about this program and itz use

List relevant environment wvariobles ond their wvalues
Create a nrrd (or nrrd header) from scratch

Print header of one or more nrrd files

Print data segment of a nrrd file

Comwert to another type {os if by cast, w/ optional clamp)
Filtering and {up,down}sampling with a seperable kernel
Cheap hiztogram-bazed median/mode filtering

Print out min ond max walues in one or more nrrds
Quantize values to §, 16, or 32 bits

Recover floating point walues from quantized data
Collapze scanlines to scalars along some axis

Slice at a position along an axis

Save agll slices glong one axis into separate files
Replace a slice with g different nrrd

Connect slices ondfor slobs into a bigger nrrd

Crop along each axis to moke a s=maller nrrd

Replace a sub-region with a different nrrd

Pad along each axis to make a bigger nrrd

Superficially change dimenzion andsor axes sizes

Permute zcan-line ordering of axes

Interchange scan-line ordering of two axes

Permute zlices along one axis

Reverse order of zlices along one axis

make imoge orientation be axiz-aligned

Modify attributes of an axis

Add a "stub" (length 1} axis to o nrrd

Split one axiz into two axes

Remove one or more singleton gxes from a nrrd

Merge two adjacent axes into one

Tile slices of one axiz into two other axes

Undo "unu tile": merge slow parts of two axis splits
Create 1-D histograom of walues in o nrrd

Create (PGM) imoge of 1-D volue histogrom

Create joint histogram of two or more nrrds

Replace each sconline along an axis with its histogrom
Perform hiztogrom equalizotion

Brighten or darken walues with a gamma

Unary aperation on a nrrd

Binary operation on two nrrds, or oh a nrrd and a constant
Ternary operation on three nrrds or constants

Map nrrd through one univoriate lookup table

Map nrrd through whole nrrd of univariate lookup tables
Map nrrd through a univoriate substitution table

Map nrrd through one *regulor® univariate mop (“colormap" )
Map nrrd through a whole nrrd of regular univariate maps
Map nrrd through *irregulor¥ univoriote mop {"colormap")
Map nrrd through a bivariate lookup table

Find connected components (CCs)

Form odjecency matrix of connected components

Merge CC: with their neighbors, under warious controints
Remap CC walues down to lowest contiguous vwolues

Write nrrd with specific format, encoding, or endianness




Teem In SCIRuUnN

Fle SCIRun BioPSE Teem | Matlabinterface Sub-Hetworks

Converters
Datald - e

Gage Kages, please wait...
NrrdData kage 'SCIRun'

. kage 'BioPSE'
Segmentation Kage Teem’

Tend kage 'Matlabinterface’
UnuAtoM
UnuNtoZ

Unuzop
—
Unu3op

UnuAxdelete
UnuAxinfo
UnuAxinsert
UnuAxmerge
Unufxsplit
UnuCCadj
UnuCCfind
UnuCCmerge
UnuCCsettle
UnuCmedian
UnuConvert
UnuCrop
UnuDhisto
UnuFlip
UnuGamma

SCIRun Teem Sub-Networks

-Iu_auosel-lml
= 0.17

UnuHeq

o= =
U ChooseNrrd
UnuHistax u

UnuHisto
Unulmap
Unuinset
Unu.Jhisto
Unu.Join
UnulLut
UnuMake
UnuMinmazx

-
ChooseMmi

Mrrdinfo

Ioom: 64.37 i
2% it W gagittal
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ITK In SCIRun =

scirun £2

Fle SCIRun Insight BioPSE

Loading packages, please wait... |1 |DiscreteGaussianlmageFilt

Loading package 'SCIRun’ -
Loading package 'Insight' variance 10
Loading package 'BioPSE'

Finished loading packages.

maximum_error |0.001
Ezecute
Close

ul Image Readerl CharZ D
—1 0.00 I
-
131072 polygons in 0.35 seconds
374491 polygonsisecond Autoview | Set Home View
2.8 frames/{sec

UcChar2DToFoatZD Edit Visual

0.00 1

ImageToField r
0.00 | ]| ul Discrete Gaussianlmagerilter
; —1 014 |

Rescale ColorMap “FloatzDToUCharzD
0.00 JE | 0.00 |

-
ImageToField

0.0l 1

Isosurface
0.17 1
-—
Show Field

0.73 1

131072 polygons in 0.18 seconds
728178 polygons’second Autoview | Set Home View

5.6 framesfsec Views Go home

SCI

INSTITUTE



Direct Volume Rendering

D R DR
Multi-dimensional Transfer Functions

 Boundaries
* Biolmage
More Examples
SCIRun Volume Rendering Modules
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Gordon Kindlmann’s MS Thesis

Semi-Automatic Generation of Transfer
Functions for Direct Volume Rendering

Gordon Kindlmann

A Thesis Presented to the Faculty of the Graduate School of
Cornell University

in Partial Fulfillment of the Requirements for the Degree of
Master of Science
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Boundaries
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Boundaries
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Tumor Vessel Imaging and Visualization

+
N |

Immobilize. . Optimize Discern Contrast Detect Boundaries

Dose Contrast Signal : Noise vs Time

G. Kindlmann, D. Weinstein, G. Jones, C.R. Johnson, M. Capecchi,
and C. Keller. Practical Vessel Imaging by Computed Tomography
in Live Transgenic Mouse Models for Human Tumors, Journal of
Molecular Imaging, 2005.
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Volume Renderlng SIMIAN (Joe Kniss)

ERASimian - Space Monkey 1.0

EL =







Volume Rendering in SCIRun
Y P 0 R

Texture Objects
Gradients

Slice Rendering
e Axis aligned
e« Tangent to view direction

Volume Rendering
 Slice based

« MIP (max operator)
e “Direct volume rendering” (over operator)
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Volume Rendering in SCIRun

Fle SCIRun BioPSE Teem Matlabhinterface Sub-Networks Hle Packages

3CIRun v1.25.3 Name [TransferFuncHisto
Messages:

Loading packages, please wait...
Loading package 'SCIRun'

Loading package 'BioPSE'

Loading package 'Teem'

Loading package 'Matlabinterface’

-I Ir Unlﬁhistﬂ

Finished loading packages.

| | HrrdReader  Input Scalar ] Histogram Opacity
== 04 [
W Opacity Modulation (Faux Shading)

Hame Color| Solid

szj Dentin/Pulp -

Lﬂ BonefDentin

TransferFuncHisto N BouQuant & - LE’ Dentin/Enamel |

Instance #1 - ; = S ;EjﬂirrEnamel

——
EditColorMap2D
071 | il | — .01 [ ]

Add Triangle Add Reciangle | Delete

ul HMrrd Texture Builder

4 Embedded -- On Disk
i ]
(i YolumeVisualizer

- 0.01
= Delete Swatch

Ul | viewer | | Display Options Execute | Find

Basic ".II Sampling II". Shading "'.I

Blending Mode

& Over Operator - MIP
Resolution (hits) ¢ 8 .. 16 - 32

Interpolation Mode
¢ Tnlinear + Mearest

® Show Clipping Plane Widgets
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Publications [+ s RN -y 1% 3 h at the Scientific Compu’rinrlg and Imaging Instifute

Contact
Links
Home

About CIBC | Research | Software | Publications | Contact | Links | Home

CIBC # 50 South Central Campus Drive, Room 3480

Salt Lake City, Utah 84112
Phone: 801-585-1867 Fax: B01-585-6513
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