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Overview

xe "Overview"
The Cave-X Viewer is a COMPASS program that uses OpenGL technology to display realistic three-dimensional models of caves. Because of the high-speed capabilities of OpenGL and the CaveX, the viewer can perform smooth real-time animations of relatively large and complex cave models. In addition, the program can shade and texture the cave giving the passage a smooth rock-like appearance. OpenGLS capable of taking advantage of the hardware acceleration that is available on the newest video cards. 

Features. The program has many powerful and sophisticated features that allow you to manipulate solid 3D objects in a variety of ways. Not only can it read cave files, it can apply textures, backgrounds, colors, and animate the objects. 

Meshes. The Viewer works by displaying 3D meshes. A mesh consists of a series of points that define the corners of flat faces.

[image: image1]
The purpose of a mesh is to create an image of an object. For example, you can create the image of a cube by specifying a mesh with eight points in it. You can also have much more complicated meshes that create all kinds of real world objects such as cars, planes, houses, people and even caves.
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Cave Surveys. CaveX can convert cave survey data into meshes that match the three-dimensional shape of the cave passages. In this way, it can display a realistic image of the size and shape of a cave. In addition, CaveX can fill, smooth, color, texture, highlight and shadow the passages to make them look more realistic. It can even animate an object by moving or spinning it.
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System Requirements

xe "System Requirements"
CaveX was written to use OpenGL 1.5. Most version of Windows will have OpenGL pre-installed in the operating system. I have tested the program under Window 98, Windows XP, Windows 2000 and Windows Vista. If you have any problems running CaveXO, download the latest drivers for your video card.

Hardware Requirements

xe "Hardware Requirements"

xe "Requirements"

xe "Requirements\\:Hardware"
OpenGL puts a heavy load on the computer when it draws images. In order for OpenGL to do animations, it must draw and redraw the image many times per second. For this reason, your computer and video card are crucial when you are working with larger caves.

CPU and Memory. As a minimum, I recommend a Pentium class computer with at least 64 Meg of memory. On a 90 MHz Pentium, you should be able to get acceptable results with caves up to about 10 miles in length. For caves in the 50 mile range, you will need a 500 MHz Pentium with at least 128-megabytes of memory. Caves in the 100-mile range require CPUs in 1.5 to 3.0 gigahertz range.

Note: Even if you have a slower processor, you still may be able to display larger caves. The main problem will be that the display may be unacceptably slow.

Video Cards. Displaying large, 3D graphic images require a tremendous amount processing power. To solve this problem, modern video cards have built-in graphic processors (GPU’s) that perform all the necessary operation at tremendous speed. For this reason, upgrading your video card can make a huge difference in the way a cave is displayed in CaveX. 

Top of the line Video cards typically sell for around $200 to $400, but you don’t need the most expensive card to make are real difference. A $100 card from ATI or Nvidia will do a very nice job of display even the largest caves.  Try to get a card with lots of memory. The more memory, the more the card can do without interacting with the CPU and thus slowing down the display.

Getting Started

xe "Starting"
Starting The Program. After you install CaveXO, you will find a new icon CaveXO icon on your desk top. Double click on it to start the program. 

Understanding CaveX. If your are running the program for the first time, it is useful to familiarize yourself with the way CaveX works. The easiest way to do this is bring up some of the Test Objects and experiment with the features. This will make it easier to understand what is happening when you work with more complicated features. 

Once you have a basic familiarity with the way the program works, try loading a standard Compass cave file (PLT). I have included a copy of Fulford Cave. It is about the right size to give good animation rates, even on a slow machine. To load a cave file, select the "File|Open Plot File" option from the menu bar. 

There are several options that control the way the caves appears on the Tool Panel on the left hand side of the screen. For example, the program can automatically smooth and texture the cave, using a limestone photograph as the texture. To do this, select the "Rock Texture" checkbox on the left panel. 

Test Objects

xe "Objects"

xe "Objects\\:Test"
To allow you to experiment with simple objects, the program allows you to create some simple geometric objects. You can create a cube, a tetrahedron or a torus by selecting the "OptionsTest Objects" menu option. The cube and the tetrahedron are self explanatory, but the torus deserves a little bit of explanations. 

The torus is a donut shaped object. The program allows you to control the number of Sections and Sectors in the torus. Sectors are the number of pieces going around the circle of the torus and the sections value controls the number of faces around each sector. 

Manipulating 3D Objects

xe "Manipulating 3D Objects"
Once you have displayed an object, you can manipulate it in a variety of ways. Here is a detailed description of various ways to manipulate objects:

1.
Left Mouse Button. Clicking on an object with the left mouse button allows you to rotate the object. For example, if you click on the object and move the mouse to the left, the object will rotate to the left.
2.
Right Mouse Button. Clicking on an object with the right mouse button allows you to move the object around the screen. For example, if you click on the object and move the mouse to the left, the object will move the left.
3.
Right and Left or Middle Mouse Button . The middle mouse button allows you to zoom in or out of the object. For example, if you hold down the middle mouse button and move the mouse forward, the program will zoom in on the object. (If you don’t have a middle mouse button, holding down both the right and left buttons will have the same effect.)
4.
Flying-Through. If you move the mouse side-to-side while you are zooming with the middle mouse button, the image will move from side. By zooming and moving side-to-side at the same time, you get the illusion that you are flying toward and through the object.
Note. You can also manipulate an object using the tool bar buttons. 

Tool Bar Controls

xe "Tool Bar Controls"
There are 17 items on the CaveX tool bar. These items allow you to control and manipulate the 3D images. (Note: these controls generally work on the central image in the scene. You can manipulate sub-objects of the scene like the lights, using the XXX options.) Here is a complete description of each item. 

1. Zoom In/Out Buttons. These two buttons make the image appear bigger or smaller. They work by moving closer or further away from the cave.

2. Pan Buttons. These are the "arrow" buttons and they move the image up, down, right and left. 

3. Yaw, Pitch and Roll  Buttons. These buttons rotate the image. The yaw buttons rotate the image around the vertical axis. Pitch button tips the top of the image toward and away from the person looking at the image. Roll spin the cave like turning a faucet.

4. Increment Control. This controls the percentage of change that happens when each button is pressed. Increasing the number causes larger changes. Decreasing the number causes smaller changes. For example, if the value is 10, each time you press the Zoom button, the image expands by 10%. 

5. Reset Scale Button. This button resets the pans, zooms and rotates to their original values. 

6. Animate and Stop Buttons. These two buttons allow you animate the image on the screen. Click Here for more information on animations.

7. Capture Button. This button controls the capture of images for movie files. Click here for more information about capturing animations.

Status Display

xe "Status Display"
The status of CaveX is displayed on at bar at the bottom of the screen. Here is detailed explaination of the each field:

1. Position. This item displays the position of the object in three-dimensional space. There are three sub-items:

a. X-Position. The first number displays the x-position of the object. This is the position in the left-right direction. Moving the object left, decreases the value and moving the object right increase the value. In the case where the object is a cave, the x-position corresponds to the East and West directions.

b. Y-Position. The second number displays the y-position of the object. This is the position in the up and down direction. Moving the object up increase the value and moving the object down decreases the value.

c. Z-Position. The third number displays the z-position of the object. This is the position moving in and out of the screen. Moving the object away from screen increases the value and moving the object toward the screen decreases the value.

2. Rotations. This item displays the rotations of the object. The rotations are specified as Yaw, Pitch and Roll. Yaw is the rotation around the vertical axis. Pitch, the tilt forward and backward around the left-right axis. Roll is the rotation around an axis that runs in and out of the screen toward the eye of the viewer.

3. Triangles. This is the number of triangles that are used to create the mesh of the object. Triangles are the fundament unit of the mesh. (Even when a mesh has rectangular faces, they are actually constructed from pairs of triangles.) The more triangles in an object, the longer it will take the computer to display the image. 

4. Triangles Per Second.  This is the number of triangles per second the program is currently displaying. A fast graphic card can display several million triangles per second.

5. Frames Per Second. This is the number of frames per second the program is displaying. 

It is a measure of the speed of your computer and your video card. For smooth animations, you need 20 to 30 frames per second. However, frame rates of one or two frames per second is still useful for viewing a cave.

The frame rate is effected by the speed of your computer, your video card and the amount of memory available. It is also effected by the object that is being displayed. Objects with more triangles take longer to display.  Also, enabling features like texturing, and shading slows the frame rate. Finally, the frame rate is effected by the video mode you are using. On some older video cards, using high color modes tends to slow the frame rate. 

Tool Panel

The Tool Panel appears on the left side the program window. It contains options that allows you to control the appearance of the cave. The Tool Panel can be collapsed and moved so you have more screen space by sliding the divider between the panel and the cave image. The Tool Panel is divided into two pages. Here is a detailed description of each page:

Cave Options Page. This page contains items that allow you control the appearance of the cave. Here is a detailed description of each item:

1. Color By Depth. Enabling this option causes the cave to be color by depth. The deepest part of the cave is colored Blues and Purples. The highest parts of the cave are colored Reds and Yellows.

2. Rock Texture. Enabling this option textures the cave with a real photograph of limestone rock. This makes the cave look more natural.

3. Show Passage Walls. This is the default setting and when it is enabled, the programs shows the passage walls as reconstructed from the Up, Down, Right and Left survey measurements.

4. Show Shots. When this option is enabled, the program displays the shots lines. If you have the "Show Passage Walls" enabled, you may not be able to see the lines because they will be inside the passages. You can make the passage walls transparent to view the station markers. (See below.)

5. Show Stations. When this option is enabled, the program displays the locations of stations as small cubes. If you have the "Show Passage Walls" enabled, you may not be able to see the stations because they will be inside the passages. You can make the passage walls transparent to view the station markers. (See below.)

6. Show Bounding Box. When this option is enabled, the program displays the smallest rectangular box that completely encloses the cave.

7. Show Rose Diagram. If you have created a "Rose Diagram" for the cave, enabling this option will hide the cave and display the rose diagram.

8. Transparent. Enabling this option makes the passage walls transparent so you can see the shots and station markers inside the passages. You can also adjust the degree of transparency by moving the "Slider" right and left.

Colors Page. The Colors Pages allows you to set the colors of the Passage Walls, Shot Lines, Stations Markers, Bounding Box and Screen Background. To change a color, simply press the button to the right of the color sample and select a new color.

Lighting

These options allow you to control the way cave images are lighted and the way light is reflected off of the passages. To access these options, select the "Options|Lighting" item from the menu bar. 

The window is divided into three pages. Here is a detailed description of each page: 

I. Object Properties. This page controls the way light interacts with objects such as the cave passages.Here is a detailed description of each item that you can control:

A. Select Object. This option controls which object the changes you make will effect. This list will display all the objects that are displayed with cave including the Passage Walls, the Shot Lines, the Station Markers and the Bounding Box. Choose the item you want to change.

B. Emission. This options controls how much light comes from inside the object. The more light that comes from inside the object the more the object appears to glow.

C. Shininess. This option controls how well reflects off the object. The more light that is reflected off the object the shinier and more metallic the object appears. 

D. Specular. When light reflects off an object, there is often shiny spot where the reflection appears brightest. The Specular option controls the size of the reflected bright spot.

II. Point Light. The Point Light is a light projected on the scene from a single source. By changing the position of this light, you can change the way shadows fall on the scene. You can move the Point Light by setting the each X, Y and Z position. You also have the option of dragging the red dot in the graphs to position the light. It is much easier and quicker than setting the individual X,Y and Z values.

III. Ambient Light. The Ambient Light Settings controls the amount of light that hits the objects from all directions. It tends to control the contrast of the objects. The more ambient light, the less pronounced the shadows will be. 

Rendering Options

A cave in CaveX is made up of thousands triangles that are connected together into a mesh. The mesh describes the shape of the  passage walls. There are several different ways to display the mesh depending on the how you want the passage to appear. To control the way the mesh is displayed, select the "Options|Rendering" item from the menu bar. 

There are three different rendering modes:

1. Wire Frame Mode. In Wire Frame mode, the triangles are displayed as lines that show the outline of each face. The mode allows you to see inside the passage walls. (You can also do this with the transparency option.) It is also faster to display.

2. Flat Mode. In flat mode, each face is filled in so the object appears to be solid. Each filled face can also be colored and textured to give it a more realistic appearance.

3. Smooth Mode. In Smooth Mode, each face is shaded so it appears to be rounded and smooth. This give it a more realistic cave-like appearance.

Flying Through an Image

xe "Flying"
One of the more interesting effects that CaveX is capable of is “flying” through the image. CaveX views the world through an imaginary "camera." Flying through the image involves moving the camera through scene. This different from the normal pan, zoom and rotate operation which are accomplished by moving the image rather than the camera. 

Mouse Buttons. By holding down the middle mouse button (or both right and left), moving the cursor up screen "flies" the camera closer to the image. Likewise, moving the cursor down the screen moves the camera further from the image. Moving the cursor left or right moves the camera left and right moves the camera left and right. These motions give the impression flying around the objects in the scene. 

Going Through Objects. As you fly very close to an object, you will notice that parts of the object will seem to disappear. This is because parts of the object are protruding through the imaginary lens of the camera. Remember that you can reposition and rotate the object on the screen using the other mouse buttons. Once, you get good at manipulating the mouse buttons, you can easily fly around and through any object.

Animations

xe "Animations"
If you click on the "Animation" button and drag the object with the left mouse button, the object will continue to rotate after you have released the mouse button. The object will continue to spin until you release the "Animation" button. 

Cave Data

xe "Cave Data"
The Viewer can read COMPASS Plot files (PLT) and render the passage walls as smooth solid objects. To do this, simply select "File|Process Plot File" from the menu bar and then open a plot file. The program will now display a dialog box that allows you to control the way the cave mesh is configured. Here is a detailed description of the options:

Select A File. To select a cave for processing, press the “Open File” button. The program needs a Compass Plot File (PLT), so you may need run the Compass Project Manager to generate the proper file. 

If this is your first experience with you may want experiment with Fulford Cave, which is included with program. It is a good test file. It is about the right size to give good animation rates, even on a slow machine.

File Analysis. Once the file is selected, the program analyzes the files and displays the result. The most important information about the file, is the memory size. This is the amount of computer memory that will be required to hold the cave mesh. If this value exceeds the available computer memory, the program will display a warning message. You can still attempt to process the file, but it will likely take a very long time to load, and can even crash the system. Larger caves put more demand on your system. Click here for more information on dealing with large caves. 

Options. There are several options for how the passages will be rendered. Different options use different amounts of memory, and memory totals display will be updated whenever you change settings. 

A. Passage Shape. This option allows you to control the cross section shape of the passages. The square options constructs square passage shapes. The diamond option constructs diamond shaped passages. The octagon option constructs eight sided passage shapes. The octagon shape produces smoother more realistic passage models, but there are also twice as many faces.

C. Corner Rounding. Corner Rounding works by subdividing the passage at passage corners. By adding extra shots at the corners, the program produces a smoother, more natural appearance to the corner. There are Corner Rounding options:

1. Rounding Depth. This option controls the amount of corner rounding that is applied. If the option is set to "One Pass", the program adds one short segment of passage to round the corner. If the option is set to "Two Pass", the program adds three short segments of passage to round the corner.

2. Corner Angle Threshold. Corner Rounding is only necessary when the corner is sharp. Without corner rounding, sharp corners look unnatural. On the other hand, if the corner isn't too sharp, the program can just connect the passages and the corner will look completely natural. The Corner Angle Threshold is used to determine the threshold at which the program will begin rounding. For example, if the angle is set to 20 degrees, only corners that turn more than 20 degrees will be rounded. 

D. Seal Passage Ends. This option controls whether the ends of each passage are covered. Leaving the ends uncovered allows you to see into the passage.

E. Substitute Dimensions. In many instances, survey data will be missing the Left, Right, Up and Down measurements (LRUDs) that defines the size of the passage. Without these dimensions, the CaveX will be unable to construction a passage model and there will be blank spots in the cave image. For this reason, CaveX allows you to substitute other dimensions for the missing measurements. Here is a description of the options:

1. Expand Passages. This option handles the situation where a passage dimension is missing because there is a side passage intersecting the main trend. Surveyors normal mark this down as “Passage” and omit any measurement. If the “Expand Passages” option is enabled, the program will look at the surrounding LRUDs to find the nearest valid value. This value is then substituted for the missing information.

2. Substitute Missing LRUDs. This option handles the situation where all the LRUDs are missing from a survey. This makes it impossible for the program to find a substitute LRUD nearby. When the “Substitute Missing LRUDs” the program substitutes a default dimension for each missing measurement. 

3. Substitute Diameter. This option set the default to be used when LRUDs are missing.

F. Vertical Passages. When a passage is near vertical, the normal Left, Right, Up and Down dimensions cease to have meaning. For example, in a vertical shaft, the Up measurement would be the entire vertical extent of the pit. As a result, cave programs can have problems displaying vertical passages. For this reason, CaveX has options that allow it to deal with vertical passages differently. Here is a description of the options:

1. Vertical Prisms. When this option is enabled, CaveX treats the Left, Right, Up and Down measurements as West, East, North and South respectively. This creates a much more realistic passage model. 

2. Vertical Threshold. This option sets the angle at which CaveX treats a passage as vertical. Usually this value will be something greater than 45 degrees. As the inclination of a passage exceeds 45 degrees, the distortions become greater and greater.

Large Caves

xe "Device Drivers"
CaveX creates passage models by creating "faces" or "polygons" that represent parts of the passage walls. Each survey shot can generate between 4 and 28 faces. Thus very large caves can generate lots of faces. If the faces count exceeds 64,000, CaveX will split the cave up into more than one mesh. This enables CaveX to deal with very large cave system. 

The amount of work that CaveX has to do is governed by the number of faces an image has. For each face, CaveX has to position, color, texture, smooth, light, shade, and draw a separate image. With large caves, this can put a heavy load on your computer and your video card. For example, Lechuguilla Cave, which is about 100 miles (160KM) in length, can generate nearly 1,000,000 faces. Imagine how much work has to be done to display this image 10 times per second. Here is a detailed description of some of the issues you need to be aware of. 

1. Memory. Windows has two types of memory: physical memory and virtual memory. Physical Memory is the actual hardware memory that is installed on your computer. Virtual memory is additional "pseudo" memory that Windows creates by saving data to the hard disk. 

Modern video cards require that the entire image fit into physical memory. Otherwise, the program would be slowed down by having to read from the disk all the time. Before you display a cave, CaveX warns you if the image will exceed physical memory. You can reduce the amount of memory required to display the image by choosing a simpler model. You can do this by choosing a Square or Diamond model instead of an Octagon or by choosing no Corner Rounding. You can also solve the problem by installing more physical memory. 

If you choose display a cave where the size exceed physical memory, the computer my grind to a halt trying to display the image. If the image only exceeds physical memory by a small amount, you may get away with it, because there is a certain amount of compression that takes place before the image is displayed. 

2. Speed and Faces. As the size of the image exceeds 64,000 faces, certain operations slow down dramatically. For example, it may take a minute or two to set up the image for displaying. Also, things like texturing, coloring, or changing various display modes may take a long time. 

Even so, the actual animation rates can be surprisingly high for large caves. For example, I get animation rates of 10 frames per second and 2,000,000 polygons per second when displaying Lechuguilla Cave on my 450 MHz PIII. On my latest computer, a 2.8 GHZ Pentium IV, I get over 25 frames per second and more than 5-million polygons per second.

4. Video Cards. The Video Card in your computer can have a dramatic effect when you are working with large caves. The newest video cards have special hardware to accelerate the drawing of complex images. They can also have up to 256 megabytes of on board memory, which helps the card deal with large meshes. You may find it useful to upgrade your video card if you are dealing with large caves.

3D Rose Diagram
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xe "3D Rose Diagrams"
Cave passages often develop along fractures in the bedrock. As a result, cave passages can display a pattern that reflects the underlying geology and speleogenesis. For this reason, CaveX allows you to display 3D Rose/Depth Diagrams 

Rose Diagrams. A Rose Diagram is a circular graph that looks like the petals of a flower. Each petal represents passage direction. The longer the petal, the more passages in the cave that run in that direction. Unfortunately, the typical rose diagram does not show any information about the depth of the passage. As a result, you can miss major trends in passage direction because they only occur at a specific depth.

3D Rose-Depth Diagrams. The Compass3D Rose/Depth diagram shows both the depth and orientation of the passages. This allows you to see passage trends at various depth in the cave. They are also 3D objects, so they can be panned, zoomed and viewed from any angle. 

Displaying A Rose-Depth Diagram. Before you can display a 3D Rose, you must load a cave plot file. Once the file is load, select the “Cave|3D Rose Diagram” option from the menu bar.

3D Rose-Depth Window. The program will now show the 3D Rose Window. There are several options that can be used to control the analysis and display of the passage trends. Once you have selected the options you want, just press the “Create Rose” button and the 3D Diagram will be created.

3D Rose-Depth Options
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xe "Options\\: 3D Rose"
The following options control the analysis and appearance of the 3D Rose-Depth Diagram: 

Minimum Length. The purpose of generating these graphs is to analyze the trends of the passages. Thus, when the program analyzes azimuths and inclinations, part of the assumption is that shots go in the same direction as the passage. However, in many surveys, the shots zigzag down the passage, with many shot running across the passage trend. For this reason, the program can be set to ignore shorter shots. The rational is that short shots are more likely to be cross-passage shots, whereas longer shots are likely to more closely match the passage trends.

To set the program to ignore shorter shots, set the “Minimum Length” option to a value like 3 meters. This will cause the program to ignore all shots less than 3 meters and only evaluate the longer shots.

Use Slope Length. This option determines the way the program figures the length of each shot. If the "Slope Length" feature is turned on, the program uses the actual shot length as measured by the tape. If the "Slope Length" feature is turned off, the program converts the shot length to the horizontal distance as projected onto a horizontal plane. This means that higher angle shots are de-emphasized. The idea is that higher angle shots don't travel along the length of the passages and so don't follow the fracture patterns and geology of the cave. The feature only applies to the Azimuth Rose Diagrams and Depth Histograms. The Inclination Roses only use the Slope Length.

Show Base Diagram. When this option is enabled, the programs displays a “card” at the base of the Rose Diagram that show the directions and compass angles. This allows you to see the angle of each petal in the Rose.

Graph By Length/Frequency. This option controls how the sizes of the “petals” or bars on the graphs are determined. With the Length option, the size of the petal is determined by the total length of the passage at a particular orientation. With Frequency option, the size of the petal is determined by the total number of shots at a particular orientation. Graphing by Length tends to bring out patterns in long passage trends. Graphing by Frequency tends to emphasize small maze passages. 

Rainbow Colors. This option causes the diagrams to be drawn with a set of 24 rainbow colors. The colors are arranged so that reds represent the highest areas and purples represent the lowest areas. This can make the individual bars and petals easier to see and make the graph more attractive. 

Number Of Petals And Petal Angles. This option controls the number of "Petals" around the Rose diagram. As the number of petals around the rose increases, the width of each petal decreases. Narrower petals give a more detailed and precise display of the passage trends. The width of each petal in degrees is displayed to right of the number of petals.

360/180 Roses. When you make a survey shot, the compass angle depends on which direction you are surveying. For example, if you are surveying in an east-west passage, the compass angle could be 90 or 270 depending on whether you are going east or west. For this reason, the Viewer offers two types of Rose diagrams: 360 and 180 degree version. In the “360 degree Rose,” passages are graphed based on the direction they were actually surveyed. This give an arbitrary graph based on the whims of the surveyors rather than on the cave geology. In the 180-degree version, all angles greater than 180 are reversed and so all passages that are on same fracture-line are grouped together. This setting also does a similar reversal for the Inclination Rose Diagram. 

Water Flow. This option allows you to see the direction water would flow in the cave. It is useful for analyzing how the cave was formed and later modified by water flow. Normally the 360-Degree Rose Diagram chooses an angle based on the direction the passage was surveyed. With the "Water Flow" option, the inclination of the passage is used to make all Petals point in the downhill direction. This means that the largest petals show the primary directions that water would flow through the cave. 

Layers. This option controls the numbers of layers and the thickness of the layers in the Rose Diagram. More Layers means thinner layers and this gives you more finely detailed information about the distribution of passage depth. Fewer Bars mean thicker bands and this gives you more general information about the distribution of passage depth. You can individually adjust either the number of bands or thickness of each band, depending on your needs. 

Printing

xe "Printing"
OpenGL itself will not render directly to a printer. As a result CaveX doesn't have a specific print routine. Until I write a print routine, you can use the Windows clipboard. If you hit the "Print Screen" button, the screen image will be copied to the Windows clipboard. You can then paste it into "MS Paint" and print it. Before you do this, you may want to set the background color to white. A black background it can cause an inkjet printers to soak the paper.

Exporting 3D File formats
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xe "AutoCad"
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xe "Exporting Shapefiles"

xe "ArcView Files"
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xe "VRML\\: Exporting"
Currently, Compass can export cave data in three different 3D formats. These are the AutoCad DXF format, ESRI Shape files and VRML Files. 

DXF Files. DXF files were originally designed to exchange data with AutoCAD programs. Since AutoCAD is so widely used, DXF files can be imported by virtually every drawing and CAD program.

Shapefiles. Shapefiles files were original designed by ESRI for use in their GIS program such as ArcView and ArcInfo. They are widely used GIS programs.

VRML. VRML is an open standard used to distribute 3D modeling information across the Internet. As a result, it can be used to create 3D displays that can be viewed on virtually any browser. VRML files can also be viewed on a variety computer without using a browser.

To export one of these formats select the “File|Export 3D Formats” from the menu bar. This will take you to the 3D Exporter. Detailed information on 3D file formats and exporting 3D Files can be found in the help menu for the 3D Exporter.

Saving Screen Images
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xe "Saving Images"
You can save the current image displayed in CaveX to a bitmap file. This allows you export any CaveX image to word processors, publishing programs and drawing programs. 

To save an image as a bitmap, select the "File|Save Image As Bitmap" from the menu bar. Next, select a filename and a folder where the image will saved. 

Capturing Movies

xe "Capturing Movies"
CaveX allows you to capture the scenes and actions that appear on the screen to a Windows AVI movie files. Windows AVI movie files are useful because they can be viewed with the Windows Media Player, usually just by clicking on the file. They can also be viewed by other movie viewers and you can convert them to MPEG files which can be viewed over the internet. 

Begining Movie Capture. To capture the CaveX scenes and animations select the "Edit|Arm AVI Capture" option from the menu bar. Next, you will select a file to save the movie to. This operation "Arms" CaveX, making it ready for video capture. It does not actually begin capturing video. 

Triggering Movie Capture. Once the video feature is armed, then you just push the Capture Button on the tool bar. This makes it easy to setup your scene and start the animations before you start making a movie.

Ending Movie Capture. You can stop video capture by clicking on the Capture Button again. Also, the program will stop capturing movie frames when you reach the preset frame limit (see below.) 

Movie Capture Options. There are several options that allow you to control the way movies are captured. To change these settings, select the "Settings|Capture Options" from the menu bar. The following a description of the options: 

1. Frames Per Second. This option controls the rate at which frames are saved and the rate at which frames will be played back in a movie viewer. This rate is measured in frames per second (FPS). The higher the FPS setting, the smoother the motion will be. However, more FPS, means larger movie files. A rate of 18 FPS is a good compromise. 

2. Compression. This option controls the amount of compression that is applied to the images in the file. The higher the number, the more compression and the smaller the movie file. However, the more you compress the file, the poorer the quality of the image. A compression of 35 is a good compromise. Compressions over 50 usually produce poor quality images. 

3. Size Limits. AVI files can get very large, especially if you allow the capture to run for a long time. For this reason, CaveX allows you to set a limit to the size of the AVI file. That way, if you accidentally leave the Screen Capture on, the file won't over flow your hard drive. 

To enable size limits, check the "Limit Movie Size" checkbox. The limit is specified in the number of frames. Depending on the frame rate, this translates in a specific time length for the movie. 

Notes: CaveX attempts to save a new frame everytime a new animation image is drawn on the screen. In order to match the specified frame rate, CaveX will only save a frame if enough time has passed. For example, if CaveX is drawing 100 FPS and you are saving at 10, only one in every 10 frames will be saved. 

Conversely, if CaveX is displaying less FPS than you have specified for your movie file, CaveX will save every frame. For example if you are saving at 10 FPS and the CaveX is only display at 5 FPS, CaveX will save every frame. However, since CaveX is saving fewer frames in the same time period, the movie will be speeded up when you play it back. 
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