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Data VisualizationData Visualization

Joel R. Stiles, MD, PhDJoel R. Stiles, MD, PhD

NIHNIH--NSF BBSI: Simulation and Computer NSF BBSI: Simulation and Computer 
Visualization of Biological Systems at Visualization of Biological Systems at 

Multiple ScalesMultiple Scales

5/31 5/31 –– 6/2, 20056/2, 2005

What is real?What is real?
Examples of some mindExamples of some mind--bending bending 

optical illusions enabled by optical illusions enabled by 
computer graphics.computer graphics.

What is the goal?What is the goal?
A generalized environment for A generalized environment for 
manipulation and visualization of manipulation and visualization of 
multidimensional datamultidimensional data

More generally More generally --
A means to map NA means to map N--dimensional dimensional 
data onto 2data onto 2--D or 3D or 3--D spaces, and D spaces, and 
visualize as a 2visualize as a 2--D  projectionD  projection

Examples of Common Datasets:Examples of Common Datasets:

•• Atmospheric data Atmospheric data 

•• Oceanographic data Oceanographic data 

•• Geological data Geological data 

•• Genomic sequencesGenomic sequences

•• Protein sequencesProtein sequences

•• Protein structuresProtein structures

•• Light & electron microscope imagesLight & electron microscope images

•• Medical imaging (CAT, MRI, PET, Ultrasound, etc.)Medical imaging (CAT, MRI, PET, Ultrasound, etc.)

•• ModelsModels

•• Simulation data Simulation data 

Introduction to Introduction to OpenDXOpenDX ((www.opendx.orgwww.opendx.org))

�� A A ““Complete Visualization EnvironmentComplete Visualization Environment””
�� Conceptually based on underlying abstract data Conceptually based on underlying abstract data 

modelmodel
�� Three visual programming support components:Three visual programming support components:

�� Graphical program editor Graphical program editor -- visual programsvisual programs
�� Core set of supplied data transformations Core set of supplied data transformations ––

modulesmodules
�� ClientClient--server execution model server execution model –– user interface user interface 

separate from rendering engine (DX executive)separate from rendering engine (DX executive)
�� Advanced features:Advanced features:

�� UserUser--defined macrosdefined macros
�� Scripting languageScripting language
�� Full API (Application Programming Interface)Full API (Application Programming Interface)
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Overview of Computer RenderingOverview of Computer Rendering

-- or or --

How does a computer make a picture?How does a computer make a picture?

Pinhole Camera BasicsPinhole Camera Basics

ObjectObject

Inverted andInverted and
Reversed Image with Reversed Image with 
Infinite Depth of FieldInfinite Depth of Field

Reflected Reflected 
Light RaysLight Rays

Direction of Direction of 
Light TravelLight Travel

Light Light 
SourceSource

ObjectObject

Foreground Foreground 
obscures obscures 

BackgroundBackground

Pinhole Camera BasicsPinhole Camera Basics

Focal Length (f)Focal Length (f)

PerspectivePerspective
TransformationTransformation

Object Object 
HeightHeight

(h(hoo))

Object Distance (o)Object Distance (o)

ScreenScreen
LocationLocation

Focal PointFocal Point

θθθθθθθθ
θθθθθθθθ
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The computer renderer works like a virtual pinhole camera,

Camera Location
(focal point)

Frustum
(viewable world boundaries,

truncated pyramid)

Screen (pixels)

Up
Vector

Look
Vector

Scene
Objects

Far Clip Plane

Near Clip Plane

Except that:

Screen is Repositioned so Image is Not Reversed

Light TravelLight Travel
is Reversedis Reversed
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DepthDepth
QuantizerQuantizer

ImagerImager

Color Color 
QuantizerQuantizer

ImageImage
File/DeviceFile/Device

DepthmapDepthmap
File/DeviceFile/Device

FloatingFloating--point Colors & Coveragepoint Colors & Coverage

FloatingFloating--point Pixelspoint Pixels

FloatingFloating--point Pixelspoint Pixels

FloatingFloating--point Pixelspoint Pixels

FixedFixed--pointpoint
PixelsPixels

FloatingFloating--point Depth Valuespoint Depth Values

FloatingFloating--point Depth Valuespoint Depth Values

FixedFixed--pointpoint
Depth ValuesDepth Values

Filter, SampleFilter, Sample

ExposureExposure

Projection &Projection &
Hidden SurfaceHidden Surface

AlgorithmAlgorithm

An An 
Imaging Imaging 
PipelinePipeline

DepthDepth
QuantizerQuantizer

ImagerImager

Color Color 
QuantizerQuantizer

ImageImage
File/DeviceFile/Device

DepthmapDepthmap
File/DeviceFile/Device

FloatingFloating--point Colors & Coveragepoint Colors & Coverage

FloatingFloating--point Pixelspoint Pixels

FloatingFloating--point Pixelspoint Pixels

FloatingFloating--point Pixelspoint Pixels

FixedFixed--pointpoint
PixelsPixels

FloatingFloating--point Depth Valuespoint Depth Values

FloatingFloating--point Depth Valuespoint Depth Values

FixedFixed--pointpoint
Depth ValuesDepth Values

Filter, SampleFilter, Sample

ExposureExposure

Projection &Projection &
Hidden SurfaceHidden Surface

AlgorithmAlgorithm

An An 
Imaging Imaging 
PipelinePipeline

�� ScanScan--line line RendererRenderer
�� RayRay--tracing tracing RendererRenderer
�� LightsLights
�� Surface/Material PropertiesSurface/Material Properties
�� ShadingShading
�� CPU Rendering vs. Video CPU Rendering vs. Video 

Hardware RenderingHardware Rendering

DepthDepth
QuantizerQuantizer

ImagerImager

Color Color 
QuantizerQuantizer

ImageImage
File/DeviceFile/Device

DepthmapDepthmap
File/DeviceFile/Device

FloatingFloating--point Colors & Coveragepoint Colors & Coverage

FloatingFloating--point Pixelspoint Pixels

FloatingFloating--point Pixelspoint Pixels

FloatingFloating--point Pixelspoint Pixels

FixedFixed--pointpoint
PixelsPixels

FloatingFloating--point Depth Valuespoint Depth Values

FloatingFloating--point Depth Valuespoint Depth Values

FixedFixed--pointpoint
Depth ValuesDepth Values

Filter, SampleFilter, Sample

ExposureExposure

Projection &Projection &
Hidden SurfaceHidden Surface

AlgorithmAlgorithm

An An 
Imaging Imaging 
PipelinePipeline Perspective Perspective 

RenderingRendering
(Surface)(Surface)

Orthographic Orthographic 
RenderingRendering
(Surface)(Surface)

Orthographic Orthographic 
RenderingRendering
(Volume)(Volume)
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RenderingRendering
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Perspective Perspective 
RenderingRendering
(Surface)(Surface)

2424--bit bit colorcolor/pixel/pixel
[red, green, blue][red, green, blue]

[0[0--255, 0255, 0--255, 0255, 0--255]255]
16.8 million 16.8 million colorscolors

Perspective Perspective 
RenderingRendering
(Surface)(Surface)

88--bit bit colorcolor/pixel/pixel
[0[0--255]255]

256 256 colorscolors

Multidimensional Data Representation Multidimensional Data Representation 
and Manipulationand Manipulation

Atmospheric data Atmospheric data 

Oceanographic data Oceanographic data 

Geological data Geological data 

Genomic sequencesGenomic sequences

Protein sequencesProtein sequences

Protein structuresProtein structures

Light & electron microscope imagesLight & electron microscope images

Medical imaging (CAT, MRI, PET, Ultrasound, etc.)Medical imaging (CAT, MRI, PET, Ultrasound, etc.)

ModelsModels

Simulation data Simulation data 

MeshMesh
GGenerationeneration

Model DesignModel Design

SimulationSimulation

AnalysisAnalysis

Geometry DesignGeometry Design

MeshMesh
GGenerationeneration

Measurement, Measurement, ModelingModeling, Simulation, , Simulation, 
Visualization Project FlowVisualization Project Flow

Primitive Surfaces:Primitive Surfaces:
Quadric Quadric -- sphere, cone, cylinder, sphere, cone, cylinder, 
hyperboloid, hyperboloid, paraboloidparaboloid, , torustorus
Parametric Parametric -- bilinear & bilinear & bicubicbicubic
patches, patch surfaces, nonpatches, patch surfaces, non--uniform uniform 
rational Brational B--splinespline surfaces (surfaces (NURBsNURBs))

DiscretizedDiscretized Meshes:Meshes:
Linear Linear –– line element primitivesline element primitives
Surface Surface –– quad, triangle primitivesquad, triangle primitives
Volume Volume –– tetrahedron, tetrahedron, cuboidcuboid, , 
hexahedron, prism primitiveshexahedron, prism primitives

DiscretizedDiscretized MeshesMeshes
DiscretizedDiscretized Meshes (Grids) are characterized by their Meshes (Grids) are characterized by their 
dimensionality and the pattern of connections between dimensionality and the pattern of connections between 
points:points:

Regular Regular –– defined by an origin point, deltas (distance defined by an origin point, deltas (distance 
between points) in each dimension, and counts (number of between points) in each dimension, and counts (number of 
points) in each dimensionpoints) in each dimension

Element type = linesElement type = lines

Element type = quadsElement type = quads

Element type = quadsElement type = quads

Element type = cuboidsElement type = cuboids

DiscretizedDiscretized MeshesMeshes
DiscretizedDiscretized Meshes (Grids) are characterized by their Meshes (Grids) are characterized by their 
dimensionality and the pattern of connections between dimensionality and the pattern of connections between 
points:points:

Deformed Regular Deformed Regular –– regular connections between points regular connections between points 
that do not have constant linear deltasthat do not have constant linear deltas

Element type = quadsElement type = quads
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DiscretizedDiscretized MeshesMeshes
DiscretizedDiscretized Meshes (Grids) are characterized by their Meshes (Grids) are characterized by their 
dimensionality and the pattern of connections between dimensionality and the pattern of connections between 
points:points:

Irregular Irregular –– set of points and explicitly defined connectionsset of points and explicitly defined connections

Element type = trianglesElement type = triangles

Data DependencyData Dependency
Data values (integer, real, complex, scalar, vector, matrix, Data values (integer, real, complex, scalar, vector, matrix, 
tensor, text,tensor, text,……) can be mapped to either grid points ) can be mapped to either grid points 
(position(position--dependent) or grid elements (connectiondependent) or grid elements (connection--
dependent).dependent).

PositionPosition--dependent = nodedependent = node--centered, locationcentered, location--centeredcentered

Data DependencyData Dependency
Data values (integer, real, complex, scalar, vector, matrix, Data values (integer, real, complex, scalar, vector, matrix, 
tensor, text,tensor, text,……) can be mapped to either grid points ) can be mapped to either grid points 
(position(position--dependent) or grid elements (connectiondependent) or grid elements (connection--
dependent).dependent).

ConnectionConnection--dependent = celldependent = cell--centeredcentered

OpenDXOpenDX Data ModelData Model

An NAn N--dimensional abstract data space from which the user dimensional abstract data space from which the user 
takes 2takes 2--D and 3D and 3--D visual D visual ““ snapshotssnapshots”” to create viewable to create viewable 
images.images.

Uses an objectUses an object--oriented, selforiented, self--describing approach to describing approach to 
defining the datasets imported, used, and manipulated by defining the datasets imported, used, and manipulated by 
the system.the system.

OpenDXOpenDX Data ModelData Model

Generally uses 6 types of descriptive objects:Generally uses 6 types of descriptive objects:

1. Attribute:  names an association between an 1. Attribute:  names an association between an OpenDXOpenDX
object (array, component, field, or group) and a (simple or object (array, component, field, or group) and a (simple or 
compound) value.  A typical use for an attribute is to compound) value.  A typical use for an attribute is to 
associate associate ““ metadatametadata”” with a data set.with a data set.

2. Array:  a basic data carrying structure that holds actual 2. Array:  a basic data carrying structure that holds actual 
data.  data.  OpenDXOpenDX uses oneuses one--dimensional arrays and permits dimensional arrays and permits 
the array elements to be the array elements to be of any typeof any type, so an array object , so an array object 
can be described simply by listing the number of items it can be described simply by listing the number of items it 
contains.  Array elements are referenced by index.contains.  Array elements are referenced by index.

OpenDXOpenDX Data ModelData Model

Generally uses 6 types of descriptive objects:Generally uses 6 types of descriptive objects:

3. Component:  an element of a field with a specific role in 3. Component:  an element of a field with a specific role in 
data description; a component is typically associated with data description; a component is typically associated with 
an array object with a specific associated name.an array object with a specific associated name.

4. Field:  a fundamental compound object in 4. Field:  a fundamental compound object in OpenDXOpenDX, used , used 
to collect and encapsulate related components.  All its to collect and encapsulate related components.  All its 
elements must be components.elements must be components.
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OpenDXOpenDX Data ModelData Model

Generally uses 6 types of descriptive objects:Generally uses 6 types of descriptive objects:

5. Group:  compound object used to collect 5. Group:  compound object used to collect membersmembers that that 
themselves may be fields and/or groups; it cannot collect themselves may be fields and/or groups; it cannot collect 
components (a field is used for that purpose).  A member components (a field is used for that purpose).  A member 
of a group may be referenced either by name or index.of a group may be referenced either by name or index.

6. Special:  used to describe special attributes or 6. Special:  used to describe special attributes or 
characteristics of objects used in the rendering process, characteristics of objects used in the rendering process, 
e.g., Camera, Light, Transform, etc.e.g., Camera, Light, Transform, etc.

OpenDXOpenDX Data ModelData Model

AttributeAttributeGroup Group 

Group Group 

Field Field Field Field 

Component Component Component Component 

Component Component Component Component 

Component Component AttributeAttributeComponent Component 

AttributeAttributeField Field 

Object Diagram:Object Diagram:

OpenDXOpenDX Data ModelData Model
Attributes:Attributes:

Formalize the attachment of metadata to specific parts of a dataFormalize the attachment of metadata to specific parts of a data set.  set.  
Examples of predefined attributes:Examples of predefined attributes:

�� ““ depdep”” specifies the component on which the given component depends, specifies the component on which the given component depends, 
e.g., a e.g., a ““ datadata”” component can be dependent upon component can be dependent upon ““ positionspositions”” ..

�� ““ refref”” specifies the component to which the given component refers, e.specifies the component to which the given component refers, e.g., g., 
a a ““ connectionsconnections”” component will typically refer to the component will typically refer to the ““ positionspositions””
component.component.

�� ““ derder”” specifies that a component is derived from another component, aspecifies that a component is derived from another component, and nd 
so should be recalculated or deleted when the component it is deso should be recalculated or deleted when the component it is derived rived 
from changes, e.g., the from changes, e.g., the ““ boxbox”” component typically has a component typically has a ““ derder”” attribute attribute 
naming the naming the ““ positionspositions”” component.component.

�� ““ element typeelement type”” is an attribute of the is an attribute of the ““ connectionsconnections”” component, and component, and 
names the type of interpolation primitive.names the type of interpolation primitive.

�� ““ shadeshade”” indicates whether or not to shade the object if a indicates whether or not to shade the object if a ““ normalsnormals””
component is present.component is present.

OpenDXOpenDX Data ModelData Model
Array Objects:Array Objects:

�� Items are referenced consecutively starting at zero.Items are referenced consecutively starting at zero.
�� ““ typetype”” attribute describes the internal numerical format to be used foattribute describes the internal numerical format to be used for the r the 

arrayarray’’s data.  Predefined type values include s data.  Predefined type values include double, float, double, float, intint, , uintuint, short, , short, 
ushortushort, byte, , byte, ubyteubyte, and string, and string..

�� ““ categorycategory”” attribute specifies which of two possible floating point attribute specifies which of two possible floating point 
representations is to be used, representations is to be used, realreal or or complexcomplex..

�� ““ rankrank”” attribute refers to element order dimensionality, where rank 0 attribute refers to element order dimensionality, where rank 0 
indicates a scalar, 1 a vector, 2 a matrix or rankindicates a scalar, 1 a vector, 2 a matrix or rank--2 tensor, and 3 or higher a 2 tensor, and 3 or higher a 
higherhigher--order tensor.order tensor.

�� ““ shapeshape”” attribute defines the dimensionality in each of the order attribute defines the dimensionality in each of the order 
dimensions of the structure.  Thus, for rankdimensions of the structure.  Thus, for rank--0 items (scalars), there is no 0 items (scalars), there is no 
shape.  For rankshape.  For rank--1 structures (vectors), the shape is a single number 1 structures (vectors), the shape is a single number 
corresponding to the number of dimensions.  For rankcorresponding to the number of dimensions.  For rank--2 structures, shape 2 structures, shape 
is two numbers, and so on.is two numbers, and so on.

OpenDXOpenDX Data ModelData Model
Field Objects consist of component arrays.  Typical predefined fField Objects consist of component arrays.  Typical predefined field ield 

components:components:
�� ““ positionspositions”” stores the coordinates of a set of positions in an stores the coordinates of a set of positions in an nn--

dimensional space.dimensional space.
�� ““ connectionsconnections”” provides a means for explicitly relating individual provides a means for explicitly relating individual 

collections of positions (e.g., representing lines, surfaces, etcollections of positions (e.g., representing lines, surfaces, etc.) and c.) and 
interpolating data values between positions.interpolating data values between positions.

�� ““ datadata”” stores actual data values.  Only one component can be named stores actual data values.  Only one component can be named 
““ datadata”” in a field, but other components can be used to store alternatein a field, but other components can be used to store alternate data data 
and can be switched with existing and can be switched with existing ““ datadata”” at any time.at any time.

�� ““ boxbox”” , , ““ colorscolors”” , , ““ front colorsfront colors”” , , ““ back colorsback colors”” , , ““ normalsnormals”” , , ““ opacityopacity”” , , 
““ opacitiesopacities”” , etc., provide specific information that directs the , etc., provide specific information that directs the rendererrenderer’’ss
operation.operation.

OpenDXOpenDX Data ModelData Model
Group Objects consist of members.  There are four specific groupGroup Objects consist of members.  There are four specific group types:types:

�� ““ GenericGeneric”” group (standard).group (standard).
�� ““ MultigridMultigrid”” group is a collection of separate fields, each with its own grigroup is a collection of separate fields, each with its own grid d 

(with common element type) but treated as a single field, rather(with common element type) but treated as a single field, rather than as a than as a 
group.group.

�� ““ Composite fieldComposite field”” group is similar to group is similar to multigridmultigrid group, used primarily to group, used primarily to 
segment fields to permit parts of the field/group to be processesegment fields to permit parts of the field/group to be processed in d in 
parallel.parallel.

�� ““ SeriesSeries”” group is a generic group that stores a series value (e.g., timegroup is a generic group that stores a series value (e.g., time
step) for each member.step) for each member.


