SUPERCOMPUTER COMPUTATIONS RESEARCH INSTITUTE32FLORIDA STATE UNIVERSITY4 V i s u a l i z i n g D a t a s e t s SciAn visualizes datasets using visualization objects, which visualize one or moredatasets. There are several ways to make a visualization object within SciAn. Theeasiest is to select the datasets to visualize in the Datasets window and press theVisualize button or choose Visualize from the Object menu. SciAn will examine thedata and choose a visualization technique and default settings.Visualization windows and spacesVisualization objects must be displayed in visualization windows to be seen. Avisualization window can hold any number of visualization objects. Figure 4-1 showsa typical visualization window.

Visualization 1

! $# ’& *) -, 0/

4 32 Observer 1

765_{Renderer 1}

:98_{Light 1}

:98_{Light 2}

"! _{Clock 1}

=<;_{Isosurface 1Z}

=<;_{Isosurface 2W}

@?>_{Mesh 1Terrain}

Figure 4-1. Visualization windowIn the center is a 3-D space, which provides a world for the group of visualizationobjects in the window. There are two 2-D space panels, one in front of the space andone behind the space, which can be used to hold text and simple graphics. The frontspace panel is by default invisible, but the back space panel provides the blackbackground of the space.On the left is a column of icon buttons that select tools for interacting with the spaceor space panels using the mouse. Which tool is selected determines how the mousebehaves on the space. When a new visualization window is created, the space selection

SCIAN USER�S MANUAL4 VISUALIZING DATASETSSUPERCOMPUTER COMPUTATIONS RESEARCH INSTITUTE33FLORIDA STATE UNIVERSITYtool is automatically chosen. This tool allows you to move and rotate the space as wellas select and edit objects on the space panels. Chapter 7 gives more information onhow to use the other tools in the column.On the right is an icon corral, which contains icons for all the visualization objectswithin the space. It also contains icons for space controllers, which control aspects ofthe visualization as a whole, such as lighting and point of view. New icons can bedragged into the icon corral, to replace or supplement objects already there.You can hide the space tools and the icon corral by choosing Hide Control Panelfrom the Window menu. When the control panel is hidden, only the space appears inthe visualization window.Moving and rotating the spaceThe observer controller controls your position looking at the objects within the space.You can do basic motions of the observer around the space by using the mouse in thespace itself.When the space selection tool is selected, you can move and rotate all the visualizationobjects within the space using the mouse. Press and drag with the left mouse button tomove the objects within the space. Hold down the Shift key while dragging toconstrain motion to the nearest principal axis.Note

When you move or rotate a space, you are really moving the observer within the space.You will not notice the difference from within the user interface, but you may need toknow this when working on scripts for movies.Press and drag with the center mouse button to rotate the space. You can imagine thatthere is a virtual trackball covering the entire space. Where you click and dragdetermines the axis around which the space rotates.Hold down the Shift key while dragging to constrain rotation to one of the principalaxes of the space. If Rotation Inertia is set in the Preferences window (see Chapter10), you can release the mouse button while the mouse is still moving to give thespace a spin. To stop it spinning, simply click in the space.If any lights are selected, the center mouse button will rotate the light sources ratherthan rotate the space. Rotation inertia does not work on light sources.Hint

When a space is very complex or the computer is not very fast, interaction in a space mayslow down. To improve speed during interaction, bring up the Preferences window andchange the Interactive Drawing setting. For more information on preferences, seeChapter 10.

SCIAN USER�S MANUAL4 VISUALIZING DATASETSSUPERCOMPUTER COMPUTATIONS RESEARCH INSTITUTE34FLORIDA STATE UNIVERSITYFlight simulatorYou can also move around in the space using a simple flight simulator, which ismainly for fun (so far, anyway). First make the visualization window as large as youcan. Then select the icon button that looks like a plane.When you press the center mouse button within the space, free flight will begin. Themouse works like a control stick. Push it forward to dive, and pull it back to climb.Move from side to side to turn. To accelerate, press the up arrow key. To decelerate,press the down arrow key. To stop forward motion and hover, press the zero (0) key.Flight works best if the angle of view is wider than usual. (See �Observer� below.)Space controlsPull down Show Space Controls from the Windows menu to bring up the spacecontrol panel. The control panel has two check boxes. If Show Rotation Guides ison, spherical rotation guides will be shown in the space. If Show Motion Guides ison, a lattice of lines will be shown in the space. These can be helpful when movingand rotating in the space.Space controllersSpace controllers, or controllers for short, are objects which control the wayvisualization objects are shown within a space. Like visualization objects, controllershave icons which appear in the visualization window corral. They also have controlpanels, which can be displayed by selecting the controller and choosing S h o w Controls from the Object menu.Controllers can control more than one space. To make a controller control a secondspace, drag its icon to the corral of the visualization window containing the space, orchoose Pick Up from the Object menu and click in the destination. In the case ofsome controllers, such as the Observer, Renderer, and Clock, there can only be onecontroller of each class controlling any one space; the new controller will replace theprevious one.ObserverThe observer represents the user�s point of view in the space. Observers have alocation within the space, which is where the eye is located. They also have forwardand up unit vectors which define their orientation and the distance to a focus point,which is where the eye is looking. Several other variables, such as angle of view andlocation of clipping planes, complete the description.The observer can be moved and rotated by pressing and dragging within the space asdescribed at the beginning of the chapter. All rotation occurs around the focus point.The other attributes of the observer can be controlled in the control panel, such asshown in Figure 4-2.

SCIAN USER�S MANUAL4 VISUALIZING DATASETSSUPERCOMPUTER COMPUTATIONS RESEARCH INSTITUTE35FLORIDA STATE UNIVERSITY

Observer 1

View Type

Crystal Eyes

Anaglyphic Stereo

Crosseyed Stereo

Orthographic

Perspective

Binocular Spacing: 0.4 !

Reset Position

Reset Rotation

$#

Look At:

Up Vector:

1

Origin:

Observer Coordinates

Figure 4-2. Observer control panelAt the left is a perspective control, which shows a schematic bird�s-eye view of theobserver (shown as a hieroglyphic eye) looking at the objects within the space. Sightlines radiate at angles from the eye giving the angle of view. Horizontal linesrepresent near and far clipping planes. The schematic cube represents the focus pointof the observer, which is initially centered on the objects within the space.To bring the objects in the space and the focus point closer or farther, press the cubein the control and drag it up and down. To widen or narrow the angle of view, pressand drag the sight lines. To change the clipping planes, press and drag the horizontallines up and down.Hint

Press and hold down the Shift key to make fine adjustments to the control. This isespecially useful with the clipping planes.When the view is Orthographic rather than Perspective, the sight lines appear asparallel vertical lines and specify the width rather than the angle of view. You canmake the objects appear larger or smaller by narrowing or widening the width ofview.The Reset Rotation and Reset Position in the top right of the Observer control panelreset the observer to its original orientation and rotation. Below these are four radiobuttons which determine the type of view displayed. When the Perspective button ischecked, a single perspective view is shown. When the Orthographic button ischecked, an orthographic view is shown. The perspective view shows objects morerealistically. Objects closer to the observer appear larger than objects farther away.This is the best view for flying and is usually the best view for getting an overallpicture of 3-D data. The orthographic view shows objects without foreshortening.Because objects are the same size no matter their distance from the observer, this viewis useful for comparing portions of a field through a volume.The other three buttons are for providing stereo 3-D views. When the CrosseyedStereo button is checked, the two images of the stereo pair are shown side by side. To

SCIAN USER�S MANUAL4 VISUALIZING DATASETSSUPERCOMPUTER COMPUTATIONS RESEARCH INSTITUTE36FLORIDA STATE UNIVERSITYview them in 3-D, cross your eyes until the images converge, maintaining focus on theimage. Some people find this very easy to do. Others find it takes a bit of practice. Itmay help to make the visualization window small or step back from the monitor. Ifviewing the image this way causes any eye strain at all, stop immediately.When the Anaglyphic Stereo button is checked, the two images are displayed super-imposed, one in red and one in cyan. To view the images, you need a pair of red/cyan3-D glasses. This view is much easier to see than the cross-eyed stereo view, butbecause color is used to separate the images, the color of the resulting image will bewashed out somewhat. Anaglyphic mode will only work if the Renderer is set to fullcolor mode. (See �Renderer� below.)When the Crystal Eyes button is down, stereo images will be displayed for use withthe Crystal Eyes system. In order for this to work, you must have a set of CrystalEyes goggles. Also, the visualization window must be set to full screen, and thecontrol panel must be hidden. [Note: this is still under development and may change.]The Binocular Spacing text box specifies the width between the eyes used for stereocalculations. This is the amount that the observer is translated to get the two imagesfor a stereo view. The number is specified in space coordinates, in which the objects inthe visualization are roughly 2 units wide and initially are 5 units from the observer.The default number given, 0.4, exaggerates true binocular viewing roughly twice,assuming that the image is viewed full screen at a distance of a meter or so. Itprovides a very good effect for large, smooth objects (such as the isosurface of thethunderstorm in the quick tour in Chapter 1). For more complex objects, this may beoverwhelming, so it may be a good idea to crank it down a bit. At 0.2 it is veryrealistic. At 0.1 it begins to look flat, and at 0.0, of course, it is completely flat.StereoColor

Anaglyphic stereo filters the images through red and cyan filters before displaying. Whenchoosing colors for an anaglyphic view it is best to pick shades of gray or colors with bothred and cyan components, such as yellow and magenta. Imagine two vertical lines cuttingthe color wheel into three equally sized sections. Keep the colors in the middle third forthe best effect.The small arrow button in the lower right of the window is for accessing the actualparameters of the observer position and orientation. This is not needed for normaloperation, but is provided for future use in creating complex moves in an animation.This will be discussed in the reference manual.LightsLights are used to illuminate the objects in a space. They only work when therenderer is set to full color mode.Lights work using the lighting capability provided by the graphics hardware. Thenumber of lights that can be on at one time in a space is limited to the number oflights that the graphics system can handle. Most Silicon Graphics and IBM RISCSystem/6000 systems can handle at least eight lights. In practice, two are usually

SCIAN USER�S MANUAL4 VISUALIZING DATASETSSUPERCOMPUTER COMPUTATIONS RESEARCH INSTITUTE37FLORIDA STATE UNIVERSITYenough, though four can be useful for dramatic effects. All lights are located atinfinity to increase speed and avoid inaccurate representation due to uneven lighting.Items in the Surface control panel can affect how lights interact with objects. If two-sided lighting is checked in any visualization object�s control panel, twice as manylights as specified may actually be used. See �Surface� in Chapter 5.When the icons of one or more lights are selected in the visualization corral, linesshowing the direction of the lights will appear within the space. The direction isalways relative to the objects within the space. While lights are selected, you can rotatethem to new positions by selecting the space selection tool and pressing and draggingin the space using the center mouse button. The process is the same as rotating theobjects within the space. Hold down the Shift key while rotating to constrain rotationto azimuth or elevation alone.Hint

When rotating lights, it may be handy to have the rotation guides displayed. Set therotation guides using the space control panel, available via the Show Space Controlsitem in the Window menu.To turn lights on and off, select their icons and then choose Turn On or Turn Offfrom the Objects menu. The icons of lights which are off appear gray and dim.The light control panel, shown in Figure 4-3, is very simple. It only contains a colorwheel and a brightness control. To change the color, click on the desired location onthe color wheel. Use the slider to change the brightness. Remember that the lightcolor interacts with an object�s base colors to produce the final colors of the object.

Light 1

Color Brightness

Figure 4-3. Light control panelRendererThe renderer controls the way objects within the space are rendered, or converted toimages. The renderer control panel is shown in Figure 4-4.

SCIAN USER�S MANUAL4 VISUALIZING DATASETSSUPERCOMPUTER COMPUTATIONS RESEARCH INSTITUTE38FLORIDA STATE UNIVERSITY

Renderer 1 Renderer Type

Color Map Hardware

Full Color Hardware

No Renderer

Image Filter

Four neighbor average

2 to 1 shrink

No Filter

Figure 4-4. Renderer control panelAt the top is a group of radio buttons which specify the type of renderer. On mostsystems, there are two renderers: the Full Color Hardware renderer and the Color MapHardware renderer. The full color renderer is most often used and fully supports allthe shading and lighting features of the workstation. The color map renderer uses thecolor map hardware within the workstation. It does not do full light shading ortransparency. However, it may be useful in 2-D visualizations where color is moreimportant than shading. For more information on color modes, see Chapter 5.At the bottom is a group of radio buttons which specify what filters to apply to theimage after it is rendered. When the 2 to 1 shrink button is down, the image is shrunkto the bottom left quarter of the window, averaging groups of four pixels. This isuseful with the Double Video Screen option in the Window menu for recordingvideo without a scan converter. When the Four neighbor average button is down,each pixel is averaged with its four neighbors. The image filters only work when therenderer is set to full color mode.Warning

Make sure no other windows overlap the visualization window when using the imagefilters. They read the pixels directly from the screen.ClockThe clock object controls the display of time-dependent data in a space. Since theconcept of time is so important in SciAn, it is the subject of an entire chapter. Chapter6 describes how to read time-dependent data and how to control and display time invisualization windows.You can synchronize two spaces by dragging the clock icon from one into the iconcorral of the other.Creating visualizationsThe easiest way to create a visualization for a dataset is to select the dataset within theDatasets window and press the Visualize button. SciAn will examine the dataset, pick areasonable default visualization for the dataset, and open it in a new window. You can

SCIAN USER�S MANUAL4 VISUALIZING DATASETSSUPERCOMPUTER COMPUTATIONS RESEARCH INSTITUTE39FLORIDA STATE UNIVERSITYalso drag a dataset icon into the corral of an existing visualization window to add itsdefault visualization to the window.A greater choice of visualization techniques can be obtained by pressing the VisualizeAs button. SciAn will bring up a window that looks like Figure 4-5.

Visualize As 1 Visualize Z as...

"! _{Mesh Template 1}

Z 2-D slice

$#_{Contours}

! _{Mesh}

’&_{Isosurface}

*)_{Arrows}

Visualize Show Controls

Figure 4-5. Visualize As windowAt the top of the window is a horizontal series of icon buttons. Each button representsa visualization technique within SciAn. You may need to move the scroll bar belowthe buttons to see all the buttons in the field. Below the buttons is a corral containingways of applying the selected visualization technique to the data. The contents willchange depending on which button has been pressed.SciAn may need to apply data modifiers to the datasets before they can be visualizedusing the chosen technique. The different icons in the corral represent different waysof modifying the data before visualizing it. For example, if you try to visualize a 3-Dscalar field as a 2-D slice, SciAn will automatically apply an orthogonal slicer to thedata. The kind of modification that has been done appears on the line below the nameof the icon. If the 3-D scalar field were named Z, for example, this line would appearas Z 2-D slice.To visualize any of the new objects, select them and press Visualize or drag them toexisting visualization windows. Normally, when an icon is dragged from one windowto another, the object will exist in both windows. However, the icons in the VisualizeAs window are actually templates for visualization objects, which work differently.When you drag them to other windows, new copies of the objects are created.This is handy when making several slightly different visualization objects. UseVisualize As to bring up the visualization technique you want. Click on the icon andpress Show Controls to set up the parameters. When they have been set up correctly,drag the icon to the window. Then change the controls and drag the icon to the

SCIAN USER�S MANUAL4 VISUALIZING DATASETSSUPERCOMPUTER COMPUTATIONS RESEARCH INSTITUTE40FLORIDA STATE UNIVERSITYwindow again. The two visualization objects will be set up with their own controlpanels initially set to be like the template.Visualization objectsSciAn provides a variety of visualization objects for visualizing data. Each object canvisualize one or more datasets. One dataset, called the main dataset, provides the basicshape and appearance of the visualization object. Other datasets may control aspectsof the visualization, such as color.All visualization objects have control panels, which you can show by selecting theicon for the object and choosing Show Controls from the Object menu. The controlpanel for every kind of visualization object has a column of icon buttons at the right.You may need to scroll down using the scroll bar to see all the icons. Each buttonbrings up a different control panel, which controls a set of attributes of the object.The button on the top brings up the top level control panel, which controls the mostspecific attributes of the particular visualization object and its main dataset. Once avisualization object has been created, its main dataset cannot be changed. Othercontrol panels control more general attributes. These panels may have icon corrals foradditional datasets, which may be changed. Each visualization object has a differentset of control panels.This section gives a brief description of the basic visualization objects within SciAnand gives the top level control panel for each. Chapter 5 gives more information onthe possible other control panels each object may have.IsosurfaceThe Isosurface visualization object is used to produce isosurfaces, or surfaces ofconstant value, from 3-D scalar fields. Isosurfaces can be made from structured scalardata fields defined over grids with three topological and three spatial dimensions.Isosurface can also be made from vector fields, in which case the absolute value of thevector is used.Figure 4-6 shows the isosurface control panel. On the left is an icon corral containingthe main dataset from which the isosurface is calculated. The slider in the center andeditable readout on the left control the level at which the isosurface is calculated. Atthe lower left are two radio buttons which control whether the isosurface is intended toenclose values higher or lower than the isovalue.

SCIAN USER�S MANUAL4 VISUALIZING DATASETSSUPERCOMPUTER COMPUTATIONS RESEARCH INSTITUTE41FLORIDA STATE UNIVERSITY

Isosurface 1

! _{Isosurface} $#_{Missing Data} ’&_{Surface} *)_{Lines} -,_{Dots}

10/_W

Source Field

0 5 10 15 20 25 30 35 40 45 50

Isovalue:

1.55 Enclose

Low values

High values

Get Normals

From Geometry

From Data

Figure 4-6. Isosurface control panelMeshThe Mesh visualization object is used to show a color mesh, or carpet plot of a 2-Dscalar field, structured or unstructured. Figure 4-7 shows the Mesh control panel.

Mesh 1

! _{Mesh} $#_{Missing Data} ’&_{Deform} *)_{Surface} -,_{Lines}

Color Cells

Around Data Points

Between Grid Lines

None

10/_{Terrain}

Mesh Field

Figure 4-7. Mesh control panelAt the top left is an icon showing the main dataset. At the right is a series of radiobuttons which determine how the color cells are formed. When the None button isdown, no color cells are produced. Between Grid Lines is the most common setting.When this button is down, data points on the grid are used as vertices of polygons.When the Around Data Points button is down, polygons will be formed around thedata points and the center of the polygons will be colored.

SCIAN USER�S MANUAL4 VISUALIZING DATASETSSUPERCOMPUTER COMPUTATIONS RESEARCH INSTITUTE42FLORIDA STATE UNIVERSITYNote

How the color cells are formed interacts with how they are colored. When the color cellsare between grid lines, it is most accurate to use smooth color shading. When the colorcells are around data points, it is most accurate to use flat color shading. Othercombinations will result in data interpolation to find vertex colors, which may hide data.The mesh object is a deformable object, so it has a Deform control panel as describedin Chapter 5. Normally, the mesh is automatically deformed by the same field used togenerate the cells and the colors, unless the deformation would be large compared tothe size of the mesh.See Chapter 5 to find out how to change the color field and shading.ContoursThe Contours visualization produces regularly spaced line contours of 2-D scalardatasets defined over structured grids. The Contours control panel is shown in Figure4-8.

Contours 1

! _{Contours} $#_{Missing Data} ’&_{Deform} *)_{Surface} -,_{Lines}

10/_{Terrain}

Contour Field

Origin: 0

Minimum: -Infinity

Maximum: Infinity

Major Step: 0.5

Minor Divisions: 5

Figure 4-8. Contours control panelAt the top left is a corral containing the field used to generate the contours. The textboxes below the corral control the choice of contour lines.Contours are calculated starting at an origin and moving up and down by a step valueuntil the minimum or maximum is reached. The Origin text box specifies the origin,and the Minimum and Maximum text boxes specify the minimum and maximumcontour values. Normally, they are set to —Infinity and Infinity.The Major step text box gives the step size of the major contours. The MinorDivisions text box gives the number of minor divisions between each major division.For example, if Minor Divisions is 5, then one major contour will appear every 5

SCIAN USER�S MANUAL4 VISUALIZING DATASETSSUPERCOMPUTER COMPUTATIONS RESEARCH INSTITUTE43FLORIDA STATE UNIVERSITYminor contours. The origin is always a major contour. Currently, major and minorcontour lines look the same.Hint

Contours are especially effective when used along with mesh objects. Try using differentcolor schemes to color each object. You can deform contours using a scalar field just asyou can deform meshes.See �Coloring visualization objects� in Chapter 5 to find out how to change thecolor field and shading.ArrowsThe Arrows visualization object is a simple way of visualizing vector fields withshaded arrows. Arrows can be applied to any vector field. Planes and lines of arrowscan easily be shown using Visualize As. Each arrow is based on a data point andpoints in the direction of the field. Figure 4-9 shows the arrows control panel.

Arrows 1

! _{Arrows} $#_{Missing Data} ’&_{Geometry} *)_{Surface} -,_{Lines}

10/_{testoVec}

Arrows Field

Arrow Length: 1

Shaft Radius: 0.095

Head Radius: 0.19

Head Length: 0.57

Arrow Style

Solid

Flat Wire

Line

Figure 4-9. Arrows control panelOn the left is a corral containing the main dataset. Below this are four text boxes forentering numbers. The Arrow Length text box controls the length of the arrows. Themagnitude of the vector is multiplied by this value to determine the length of thearrows. The Shaft Radius box controls the radius of the arrow shaft. The HeadRadius and Head Length boxes control the shape of the arrowhead.Hint

To get arrows that are shaped like pencils, make the head radius the same as the shaftradius. To get arrows that are shaped like long thin needles, make the head lengthinfinite. Just type the word �infinity� into the text box.Point CloudThe Point Cloud visualization object displays clouds of colored points, each pointlocated at a data point. It is a simple and fast way of displaying an entire field at once.

SCIAN USER�S MANUAL4 VISUALIZING DATASETSSUPERCOMPUTER COMPUTATIONS RESEARCH INSTITUTE44FLORIDA STATE UNIVERSITYA point cloud can be made of any scalar dataset defined over a structured orunstructured grid. Figure 4-10 shows the Point Cloud control panel.

Point Cloud 1

! _{Point Cloud} $#_{Missing Data} ’&_{Dots} *)_{Color} -,_{Bounds}

10/_W

Points Field

Show Missing Data

Random Jitter

Figure 4-10. Point Cloud control panelThe Show Missing Data check box at the upper left controls whether missing datapoints are shown. If checked, missing data points are shown using the missing datacolor, which initially is a dull gray. If it is not checked, missing data points are notshown at all.The Random Jitter check box controls whether random jittering is applied to thepoints. Normally, points are drawn exactly where they are located within the grid.This is precise, but the regularity of the grid usually results in an excessively regularappearance which may distract from the information in the dataset. If this check boxis checked, each data point is randomly jittered within a box the size of a data cellaround the data point. This results in a smoother appearance which may be better forgetting an impression of what is happening within the field.GeometryThe Geometry visualization object displays geometric objects directly as read from afile. Geometric objects are made of lines, polygons, spheres, and conical frusta.Geometric objects can be colored by a fixed color, by scalar fields, or by themselves.By default, they are colored by themselves. The colors of individual geometricprimitives can be controlled by bringing up the color palette of the object. All thebase colors used in primitives are located in the color palette.See Chapter 5 for more information about coloring objects and about the waygeometric objects are displayed. Also see the NFF file reader in the reference manual,Chapter 4, �File Formats.�

SCIAN USER�S MANUAL4 VISUALIZING DATASETSSUPERCOMPUTER COMPUTATIONS RESEARCH INSTITUTE45FLORIDA STATE UNIVERSITYNumbersThe Numbers visualization object produces a numeric display of a single scalar value.The numeric display appears on the front space panel and behaves very much like aclock display or annotation (see Chapter 7). Figure 4-11 shows the control panel of anumbers object.

Number 1

! _{Number} $#_{Slice}

(’&_W

Number

Text

Color Valu

Background

Color Value

No Background

Format: W=%g

Figure 4-11. Numbers control panelAt the top right is a format string which is used to print the number. It works verymuch like the format for p r i n t f in the C programming language. [Kernighan andRitchie, 1978.] For more information on the format, see the discussion on timeformats in Chapter 7.At the bottom of the panel are two groups of controls to set the text and backgroundcolor. By default there is no background, so you can see through the text box wherethe text does not appear. Uncheck the No Background check box to change this.The text font, size, and alignment can be changed by selecting the text box within thespace and using items in the Text menu. For more information, see Chapter 7.