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  When creating an isosurface the overall topology of the surface is crucial to accurately depicting the original. Medical imagery is a prime example of when the surface created needs to be topologically correct, otherwise it is difficult to differentiate a medical problem from a computer graphics problem. In this project MRI scans of a brain are used to generate an isosurface and then the topology is checked. Two of the most popular methods for generating an isosurface are used; Marching Cubes and Marching Tetrahedron. Surfaces created from both algorithms are checked for topological problems and compared
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Algorithm: Marching Cubes



Link to the data set you have used:
Data set source not known
A short summary of the data set:

Data: High resolution T1-weighted MRI scan. The voxel size is 1 x 1 x 1 mm




A short description on what you intend to visualize: To test Marching Cubes on a 3D dataset of a human Skull. When creating an isosurface the overall topology of the surface is crucial to accurately depicting the original. 
The visualization software used: Using 3D Doctor 

A
Snapshot 1
Snapshot 2
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B
Snapshot 1
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The scalp, skull, and dura were stripped from the volume using a combination of edge-based, threshold-based and manual approaches. 

The major blood vessels were removed by a method that employed a co-registered proton density scan of the same subject.
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Algorithm: MIP



Link to the data set you have used:
Data set source not known
A short summary of the data set:

The images presented here have been initially acquired on a Picker Edge 1.5. Tesla magnetic resonance imager and MIP'ed




A short description on what you intend to visualize: The MIP technique, most often used for angiography data, belongs to the volume rendering family. Here, only the 'brighter' voxel along a ray is kept in the visualization projection.
The visualization software used: Vistar XL commercial imaging workstation

A
Snapshot 1
Snapshot 2 : clearer view, MIP plus level lines
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   Volume rendering includes techniques for visualizing 3D scalar fields. One common technique is isocontouring, which extracts constant valued surfaces from 3D scalar fields. Another alternative is to directly render the 3D data. Methods which directly render scalar volume data are generally referred to as forward projection or backward projection methods. Forward projection methods project samples of the 3D field to the screen, usually using traditional graphics techniques commonly found in hardware. Such techniques are sometimes referred to as splatting techniques. Backward projection methods determing the color of each pixel by finding the subset of the 3D field which project to the pixel being colored, and combining them in one of several ways. Such techniques are commonly referred to as volume raycasting methods.
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Algorithm: Ray Casting



Link to the data set you have used:
Data set source not known
A short summary of the data set:

Data: Data volume was 512 x 512 x 400.




A short description on what you intend to visualize: Rendered by volumetric raycasting with transparent skin and bone transfer function. 
The visualization software used: . Computation was distributed over a cluster of 4 SGI and Sun workstations

A
Snapshot 1 – a look at the bone
Snapshot2 – a closer look at the brain
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   Splatting is a volume rendering technique that can generate 3-D images of the inside of the body with data collected using medical scanning devices. Splatting is a popular technique with researchers because it works fast, rendering realistic 3-D images on computer workstations. In a computer model, splatting also lets scientists and engineers investigate the relationship between two or more variables, cloud cover and downward solar radiation, for example. The technique makes this possible by integrating cloud and radiation data into a single 3-D image with texture.
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Algorithm: Splatting



Link to the data set you have used:
Data set source not known
A short summary of the data set:

Data: Data volume was 512 x 512 x 400.




A short description on what you intend to visualize: This technique allows for high quality rendering of point-based surfaces, volumes, and images. It provides anisotropic texture filtering at reasonable computational expense. This images show clearly imges of the head with reduced blurring


The visualization software used: . Computation was distributed over a cluster of 4 SGI and Sun workstations

A
Snapshot 1
Snapshot2  - a closer look the eye area
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Additional Information

Volume Visualization
Direct volume rendering is a technique for visualizing 3-D data by modelling the transmission of light through the volume data. Light rays are sent into the data, and values encountered along the ray are treated in different ways. Several techniques exist: 

· Maximum intensity projection (MIP). Only the maximum along the ray is projected. 

· Composite. Several properties, such as colour and opacity, are assigned to the voxels. For CT data, these properties can be derived from physical substances, such as bone, soft tissue, and fat in the musculoskeletal system. The use of opacity facilitates the understanding of the spatial relations between objects in the data, since one object can occlude another. 

· Summation. All the values along the ray are summed. The result looks like an X-ray image. We use this technique in the wavelet splatting method. 
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Splatting

The splatting algorithm contains the following steps: 

· Reconstruction of a continuous function from the discrete data by convolution with a reconstruction filter. This is necessary, because the lines parallel to a given viewing direction passing through the pixels of the view plane do not necessarily pass through the grid points of the original 3-D data set. 

· Mapping of the continuous function to the image plane as a superposition of building blocks called splats or footprints. These footprints are view dependent. 

Wavelets
Wavelets can be used as a mathematical tool for decomposing functions hierarchically. The wavelet transform describes a function in terms of a course shape and details. The Haar basis is the simplest basis. 

The approximation coefficients are computed by averaging. The information that is lost is stored in the detail coefficients. These are obtained by computing differences. The original values can be restored by combining the approximation and detail coefficients. The decomposition process can be repeated recursively on the approximation coefficients, either until there is only one coefficient left, or for a fixed number of decomposition levels. 

Wavelet Splatting
The wavelet splatting method 

· uses wavelets as a reconstruction filter 

· makes it possible to compute images at different levels of detail 

· can compress the volume data up to 80% without visual artefacts 

Algorithm

1. Preprocessing. Perform a 3-D wavelet transform (depth L) of the volume data 

2. Actual volume rendering. For each viewing direction do: 

· compute footprints at level L in the viewing plane 

· from these, compute footprints for lower levels by scaling and downsampling 

· compute a low resolution image as a summation of scaled and translated footprints weighted by the approximation coefficients 

· refine image successively with the detail coefficients, yielding approximations at level L-1, L-2,...,0 

Motivation

· There is a growing interest in the visualization and exploration of digital data representing large 3-D volumes. 

· Interpretation of the interior of volumes by viewing individual slices is hard. Volume visualization techniques have been developed for viewing these data from different viewpoints. 

· Visualization of the data sets is time consuming due to their large size. This motivates the need for visualizing the data incrementally in order to achieve a reasonable response time for a user. 

· Multiresolution models allow the systematic decomposition of the data into versions at different levels of resolution. Wavelets are a natural candidate for this approach. 
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