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Introduction/Motivation


The visualization of four dimensional data sets is an area that is in heavy development.  The benefits to medical applications, meteorologists, and several other fields are what drive this development.  As modern computing power increases, the ability to process such heavy information gets better and better, but research is attempting to bridge that gap to today's computers instead of tomorrow's.


Typically, when talking about four dimensions, we are referring to a three dimensional object that moves or changes over time.  While it is possible to go into even more dimensions, most humans have difficulty representing this in thought.  There is still difficulty when thinking in four dimensions, as the modeling of some applications can be quite complex and have many interactions.  Visualization itself is an attempt to make data more understandable to the people viewing it, and this paper will touch on some topics that have developed as a result of this drive.

General Problems


A major problem, touched upon above, is that calculating data into the fourth dimension is very computationally expensive.  Modern day computers have rapidly improved the ability to handle such information and processing, yet no method or approach will be complete until it is at least feasible to run in real time.  Whether this a plateau we will ever reach is yet to be seen, as many experts predict Moore's Law to hit a physical wall.


Another problem deals with the data that is to be visualized.  Some data, like (?? CT OR MRI), are really only visualized well by a volume based method, whereas (THE OTHER) is better viewed through contouring.  The two techniques for 4D visualization presented here are extensions of these two methods, meaning that the approach you use may not work for the data you have.

Applications


Many areas benefit from 4D visualization.  One such area is the medical field.  For example, GE's 4D Ultrasound technology [4] attempts to show ultrasound images of an unborn child in motion.  Fischer [5] showed the application of 4D visualization as it applies to construction of facilities, as a way of showing the dependencies of different objects to be in place before other objects can be assembled.  Sheppard showed similar applications, with such major projects as Boston's Logan International Airport. [6]

Mouse Data


As part of this assignment, we were given access to a set of mouse embryo data.  There are five datasets, each taken at a different stage in the development of the mouse.  Our goal was to look at these data and determine the techniques available for 4D visualization of it.  This can be used as an attempt to “fill in” the missing time by using morphing techniques and other visualization options.  This way, you can see how elements can grow and move about over time, like how the organs expand and move to their final locations.  As with all visualization techniques, it is an attempt to represent infinite data, both time and space, in finite boundaries.  This is also known as sampling, and we are extending the sampling into another dimension.  These five datasets are the sampling points of time, and it is possible to “fill in” the information in between.  We will look at two approaches, volume morphing and 4D iso-contours, and how they can apply to this problem.

Approach: Volume Morphing


Morphing of a volumetric model over time offers a number of advantages over its preceding technique, image morphing.  Image morphing deals with creating a sequence of images between two fixed, rendered images.  While this has been thoroughly explored and made quite efficient, there are a number of problems with the technique, mostly dealing with lighting and shading information, which an image cannot generate.  3D models contain much more information and can be morphed independent of these parameters, meaning that a change in lighting will not require a complete re-computation of the 3D morph.  Lerios et. al. focused on volumetric data over geometric data, as there are some limitations with geometric data, particularly in dealing with the quality and data composition of the geometric data itself.  Also, geometric data can be converted to volumetric data that can be used in the technique proposed by Lerios et. al.  [1]


Volume morphing consists trying to take two datasets, a source and a target, and generating a sequence of volumes that depict those datasets changing into each other.  This is done over two steps, warping and blending.  Warping is the process of modifying the volume sets so that they change size of physical location, and contain a sense of realism in between the two end volumes.  This is a difficult thing to achieve, as a computer can not yet pair up elements between the source and target volumes as well as human perception can.  Blending, on the other hand, is making sure that the transition is smooth.  [1] This is analogous to image improvement with anti-aliasing, or sub-pixel hinting of fonts in order to improve appearance.  


There has been much research into the warping stage of volume morphing.  Lerios et. al. used a field-based method that is feature based. [1]  They utilized software which enabled them to define points and lines on both the source and target volumes, side by side, which correspond to each other.  This helps control the method in which the morph is generated, in order to give a realistic appearance.  However, Chen et. al. [2] discussed several different methods for performing this warping stage.  They discuss three main techniques: cross dissolving, field morphing, and mesh warping.  Cross dissolving depends on no control datasets, and is the most simplistic of the few.  This does not satisfy the general requirement that the morphs be realistic, as no data really corresponds to each other.  This could mean that a building's spire could translate into a tank's treads, as opposed to the turret, which would be the human defined logical morphing target.  Field morphing, the technique used by Lerios et. al., utilizes control datasets to specify coordinate mapping.  This was used in the software to define points and lines between the two volumes.  The third technique, mesh warping, is one that is heavily adapted from image morphing, where control datasets define volume subdivisions as well as coordinate mappings.  This paper goes into much detail about the mathematical makeups of these different transitions.


Interestingly, Chen et. al.'s paper also compares performance of the various techniques of warping.  It is of note that Lerios et. al.'s technique of using point and line field based warping only resulted in average results (on a comparative/subjective scale), and required an order of at least O(n*m), which is not optimal.  A disk field technique improved the results to good, but retained the high order of computation.  Mesh warping techniques, in particular grid warping, had good results, and was able to reduce the computing complexity to O(n+m), significantly better than O(n*m).  [2]


In addition to the warping stage, the blending stage works as a cleanup for the problems produced during the warp.  It's likely that some artifacts would be generated, possibly as a result of not enough control elements, but it could also be due to the opacity changes in the two volumes, which are inevitable.  The goal of the blending stage is to eliminate these problems by cross-dissolving them away.  There are two options with where to perform this.  One of which is to perform the cross-dissolve on images rendered from the internal morph sections.  This is generally regarded as a worse solution than cross-dissolving the volumes themselves. [1]


A volume based representation is best for the visualization of the mouse datasets, due to the internal nature of the important things.  While contouring may be able to capture some of the internal organs and things beyond the skin of the embryo, volume based rendering really allows all of this information to be viewed at once, with the ability to vary opacity and color over different values of the data.  This would also be the best method to animate these data over time.  It would require points on each of the datasets to be identified and linked up, such as each internal organ, points on the skin, etc.

Approach: 4D iso-contours


Contouring is another method that can be used to visualize data.  Also known as an isosurface, it is a set of points with identical scalar values in a scalar field.  [3]  We used this technique in the previous assignment, having one isosurface show the bone of the knee and another one showing the skin around the knee.  These surfaces were both taken from the same dataset.  It is adept for finding differences in densities, such as the difference between bone, muscle, and fat.


One of the most common implementations of isosurfaces is the marching cubes algorithm, by Lorenson and Cline.  It has been highly tuned and is very efficient, and much work is based on it.  It divides the scene into regular cubes, and find where the isosurface is and how it is modeled based on the isosurface's value in comparison to the values of the data at the cubes vertices.  Thus, the structure of the resulting surface can be computed fairly easily, and then interpolated to a correct position.  Using symmetry, the number of possible cases has been reduced to 15.  [3]


In implementation, marching cubes is done by building a lookup table of these different cases in order to determine the structure of the isosurface in each cube.  In Bhaniramka et. al.'s work, they've built a similar lookup table with another dimension added on to it.  Thinking about a cube with another dimension added on it in space instead of in time means that the number of vertices goes from 6 to 16, and increases the possible number of vertex configurations to 2^16.  With symmetry, the number of unique cases goes down to 222.  While much larger than the 15 in the normal marching cubes algorithm, it is still possible to do.  After computing this lookup table, a method similar to the marching cubes algorithm to create the shape and extended dimension of the isosurface, using an expanded set of criteria rather than just +/- on each of the vertices. [3]


In terms of the mouse datasets we have been given, the isosurfacing makes a poor choice in visualizing the data, in three dimensions as well as four.  Due to similarities in densities of the internal structure of the embryo, it is very difficult to contour everything in order to be able to see important features, such as the organs.  Even with transparency applied to a skin contour, it would have a difficult time extracting important features.  It could, however, be used to show the external skin of the embryo, and see how that changes over time.  While not providing much information, it would be interesting to see how a similar view in a volume morphing approach would compare in terms of speed and complexity.
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