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m Slices

m Volume rendering

m Transfer functions

m Surface rendering

m Segmentation

m Data enhancement
m Miscellaneous
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Slices (1)

m Axis-aligned slices
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m Axial

m Coronal
m Sagittal

m Linked views

[VolumeShop, Bruckner et al.]
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m Oblique planar cuts through the data set

m Multi-planar Reformation (MPR)

MPR Exploded Views

o [Roy van Pelt et al. 2009] #
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Slices (3)

m Cutaway planes
m Clipping planes / geometry

[Weiskopf et al. 2002]
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Volume Rendering (1) m

m Maximum Intensity Projection (MIP)

image plane

eye

volume
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Volume Rendering (1) m

m Maximum Intensity Projection (MIP)

image plane

eye

m Depicts maximum intensity along the ray
m Spatial perception deteriorates
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Volume Rendering (1)

m Maximum Intensity
Projection (MIP)

m Depicts maximum intensity
along the ray
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Volume Rendering (2)

m Local Maximum Intensity Projection (LMIP)

m Depicts first maximum greater than a user-
specified threshold

[Sato et al. 1998]
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Volume Rendering (3)

m Maximum Intensity Difference Accumulation

m Better spatial cues than MIP

[Bruckner and Groller 2009]
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Volume Rendering (4)

m Direct Volume Rendering (DVR)
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Transfer Functions (1)

m Windowing function

m Two parameters: center & width
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Transfer Functions (2) M

m 1D Transfer Functions
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Transfer Functions (3)

m 2D Transfer Functions

(a) A 1D histogram. The black region represents the number of data
value occurrences on a linear scale, the grey is on a log scale. The
colored regions (A,B,C) identify basic materials.

Data Value

(b) A log-scale 2D joint histogram. The lower image shows the location
of materials (A,B,C), and material boundaries (D,E,F).

[Kniss et al. 2002] [Kniss et al. 2002]
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Surface Rendering (1)

m Iso-surface rendering
m Marching Cubes

Brain surface [Labsik et al. 2002] Skull [Schreiner et al. 2006]
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Surface Rendering (2)

m Combined volume and surface rendering

[Tietjen et al. 2005]
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Surface Rendering (2)

m Combined volume anc

Ll X

[Tietjen et al. 2005]
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(e) Lines & shading. (f) The resulting hybrid image.
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Segmentation (1)

m Thresholding
m Simple

m Sometimes effective [, s7e,

m Vessel / bone
segmentation

m But, tissues not
distinctly separable
with a single
threshold
(e.g., bone marrow)
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Segmentation (2)

m Hysteresis thresholding

m Two thresholds: low and high

m Low values connected to high ones along an edge
are taken, others are removed

Gabriel Mistelbauer 20



Segmentation (2)

m Hysteresis thresholding
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Segmentation (3)

m Region growing
m Requires seed points

Filtered Filtered Region Growing Segmented Region

seed point
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Segmentation (4)

m Skeletonization

3 4 [Selle et al. 2002]
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Data Enhancement (1)

m Noise reduction using Gaussian smoothing

m Edges are smoothed

original
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Data Enhancement (2)

m Bilateral filtering

m Preserves edges

Bilateral
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Vessel enhancement

Scale-space analysis / theory
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Data Enhancement (3)

m Vessel enhancement

m Scale-space analysis / theory
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Miscellaneous (1)

Curved Planar Reformation (CPR)

Requires representation of vessels (vessel tree)
Curved cut through a vessel along its centerline
Visualizes the interior, or lumen
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Assesses vascular pathologies on the vessel walls




Miscellaneous (1) m

m Curved Planar Reformation (CPR)

[Kanitsar et al. 2002]
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m Curved Planar Reformation (CPR)

m -90° to 90°, 10 images

o
o
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Miscellaneous (1)

m Curved Planar Reformation (CPR)
m -90° to 90°, 10 images
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Miscellaneous (2)

m Blood flow visualization

211 6 -

[Roy van Pelt et al. 2009]
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Miscellaneous (3)

m Glyphs in visualization
m Specific shape and size
m E.g., in the direction of the gradient magnitude
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Miscellaneous (4)

m Labeling of medical visualizations

m Optimal placement of labels
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Miscellaneous (5)

m Measurements in medical visualization
m Length and size of a vessel stenosis

[Preim et al. 2002]

Gabriel Mistelbauer 35 [OEltZE et al. 2004]



References (1)

m S.Bruckner and M. E. Groller. VolumeShop: An Interactive System for Direct Volume Illustration,
Proceedings of IEEE Visualization 2005, pages 671-678, 2005

m S.Bruckner and M. E. Groller. Instant Volume Visualization using Maximum Intensity Difference
Accumulation, Computer Graphics Forum, 28(3): 775-782, 2009

m D. Weiskopf, K. Engel and T. Ertl. Volume Clipping via Per-Fragment Operations in Texture-Based
Volume Visualization, Proceedings of the conference on Visualization 2002, pages 93-100, 2002

m  A.Pommert, K. H. Hohne, B. Pflesser, E. Richter, M. Riemer, T. Schiemann, R. Schubert, U.
Schumacher, and U. Tiede. Creating a high-resolution spatial / symbolic model of the inner organs
based on the visible human. Medical Image Analysis, 5(3):221-228, 2001.

m A. Kanitsar, D. Fleischmann, R. Wegenkittl, P. Felkel, and M. E. Groéller. CPR — curved planar
reformation. In Proceedings of IEEE Visualization 2002, pages 37-44, 2002.

m D.Selle, B. Preim, A. Schenk, and H.-O. Peitgen. Analysis of vasculature for liver surgical planning.
IEEE Transactions on Medical Imaging, 21(11):1344-1357, 2002.

m J. Kniss, G. KindIMann and C. Hansen. Multidimensional Transfer Functions for Interactive Volume
Rendering, IEEE Transactions on Visualization and Computer Graphics, 8(3):270-285, 2002

m R.v.Pelt, J. 0. Bescos, M. Breeuwer, R.E. Clough, M. E. Gréller, B. t. H. Romenij and A. Vilanova.
Exploration of 4D MRI Blood-Flow using Stylistic Visualization, IEEE Transactions on Visualization and
Computer Graphics, 16(6):1339-1347, 2010

Gabriel Mistelbauer 36 #




References (2)

m C.Tietjen, T. Isenberg and B. Preim. Combining silhouettes, surface, and volume rendering for
surgery education and planning, Proceeding EUROVIS'05 Proceedings of the Seventh Joint
Eurographics / IEEE VGTC conference on Visualization 2005, pages 303-310, 2005

m J.Schreiner, C. E. Scheidegger and C. T. Silva. High-Quality Extraction of Isosurfaces from Regular and
Irregular Grids, IEEE Transactions on Visualization and Computer Graphics, 12(5):1205-1212, 2006

m U. Labsik, K. Hormann, M. Meister and G. Greiner. Hierarchical Iso-Surface Extraction. 2002

m B.Preim, C. Tietjen, W. Spindler and H.-O. Peitgen. Integration of measurement tools in medical
visualizations. In Proc. of IEEE Visualization, pages 21-28, 2002.

m S. Oeltze and B. Preim. Visualization of vascular structures with convolution surfaces. In Data
Visualization (Proc. of Eurographics/IEEE Symposium on Visualization), pages 311-320, 2004.

m Y.Sato, N. Shiraga, S. Nakajima, S. Tamura and R. Kikinis. Local Maximum Intensity Projection (LMIP):
A New Rendering Method for Vascular Visualization, Journal of Computer Assisted Tomography,
22(6):912-917, 1998

Gabriel Mistelbauer 37



