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The simulations group began their work studying the CHomP program from Rutgers, which is used to study homology of a dynamical system as the name implies (Computational Homology Project). The ChomP program introduced us to the concept of a Betti Number and the connectivity of an image. Difficulties with the ChomP program led Paul to write his own code that went from computing Betti Numbers for a single image to Betti numbers for sets of images, as well as ending with some Persistence theory.


With the introduction of Betti numbers we learned that the quantity of Betti Numbers is analogous to the dimensions of the image: ie a 3d image has 3 Betti Numbers B0, B1 and B2. The Betti numbers relate to the number of “holes” in an image. As our colleague Matt Albano says, we have to rethink our idea of a hole. In 2 dimensions, which we mostly worked in, where black represents low force on a particle, B0 is the number of connected dark components and B1 is the number of white regions completely surrounded by black regions. In 3 dimensions, B0 is the same, B1 are tunnels and B2 are cavities. With the understanding of Betti Numbers out of the way we were able to move onto processing simulation data and experimental data.

The CHomP program takes as parameters an image file and the level of threshold to evaluate the Betti Numbers. The threshold level in a grayscale image works as follows: any pixel whose grayscale value is below the threshold gets forced to the color black, while any color above the threshold gets force to white, resulting in a black and white image. Because there are 256 possible grayscale values (0-255) a single image needed to be run through chomp 256 times. Thus Kelly wrote shell scripts to automate the process. This script, bmp2betti.sh (see email attachment) takes an image or series of images and outputs a plaintext file for the Betti Numbers. This can then be used in Matlab, Excel, etc. to plot the Betti Number vs. Threshold graphs. The problem with the CHomP program is the length of time it takes to process all 256 threshold levels for the Betti/Threshold graph. The large amounts of time, coupled with image sets of 30-40 pictures, result in hours of waiting for results, leading Paul to write his own code.

While Paul was developing his code, Kelly worked with implementing time as a third dimension to attempt to gain more information from the plots, using scripts and built-in functions of the advanced CHomP suite. Using grayscale pictures obtained from the experiment group or Prof. Kondic, we used the script "bmp2cub.sh" (see email attachment) to create .cub files (see Kelly’s CHomP manual) for the image(s) at each threshold or a specific threshold. The .cub files are not only processed by the CHomP program, but also by the advanced CHomP suite via the “showcubes” function, which shows a three dimensional image. With a three dimensional image our goal, Kelly wrote more scripts to add a third dimension to the coordinate in the .cub file. The .cub file lists the locations of the particles and we can create the time scale by saying each picture in a set is a difference of one time step. Thus we can assume t = 0 for picture 1, t = 1 for picture 2, etc. Kelly added this third dimension with the script “findreplace.sh" after removing unnecessary information with two other scripts, “rml2.sh" and "rmf3.sh." With the appropriate .cub files with a third dimension, calling CHomP shows 3 Betti Curves per threshold and “showcubes” shows the three dimensional cube images which Kelly has available on his website.

Meanwhile, Paul began work on Chomp2, which would calculate the Betti Numbers for a two dimensional image. Upon discovering how long it was taking Kelly to get Betti plots for a single image, he realized it could be done faster. The program starts with each pixel as a singleton set, and then proceeds to merge all adjacent pixel sets that are on the same side of the threshold. Once that’s done, you have a set for each connected component. By looking for a single pixel from each set, you can determine if whether the set contributes to B0 or B1. Repeating this process for all thresholds yields the data needed to make the plots of Betti numbers vs. threshold. Chomp2, according to Paul, was relatively easy to write.

Upon Chomp2’s completion, Paul focused his attention on a new program, MultiChomp. This would prove to be a more difficult program, being able to take a series of images, compute Betti Curves for all of them and output the result into a movie format, with Betti Curve side by side next to the original grayscale image. The Betti calculation is the same algorithm, but the output requires Mathematica and AVISynth for the graphs and video respectively. Mathematica is a computer algebra program able to generate and export plots, and AVISynth is a video scripting language that allowed the combination of images in the appropriate visual format, the side by side configuration. The command to convert the AVISynth script to an actual AVI movie is avs2avi and the HuffYUV codec was used to losslessly compress the video for maximum quality and storage. With the Betti Number processing complete, we looked to analyze the curves and look into other techniques such as Persistence, which was shown to us near the end of April.


The Betti Curves were quite helpful in analyzing global properties of the image. We noticed that darker images would produce overall lower magnitude B1 numbers, thus meaning less holes per average threshold. The most important correlation was the Betti Numbers to the force. Concentrating on the B0 curves, steep drops were related to lower average force per particle. Similarly, more gradual slopes of the B0 curve could be seen to prescribe higher average force per particle. Betti Curves were helpful in getting an idea on the global properties of the system, but we were always looking for more local properties. The theory of Persistence was introduced and Paul quickly set off to add one last piece to the MultiChomp suite before the semester ended.

In Persistance theory, a threshold/threshold graph is produced, with the X-coordinate marking the threshold at which the particle appeared and the Y-coordinate marking the threshold at which the particle merged with another threshold, termed birth and death respectively. How Persistance was calculated by Paul is as follows: First, the pixels in the source image are sorted by gray level (white to black), and the program iterates through each group of equally gray pixels. In a given group, all adjacent pixels are joined to get the connected components that are all the same level of gray. Then the program checks the border of each connected component for any preexisting components that are whiter than it. If none are found, then the component is a new cluster, and added to the output array with its birth threshold logged. If exactly one is found, then the component is just an extension of a preexisting cluster, and nothing is done. If more than one is found, then the component will merge the neighboring whiter components, and all but the oldest will logged as dead. The clusters must already be in the output array, as they must have been born some time, so they are located, and have their death threshold logged, as well as their current size in pixels before they were merged. Once all thresholds have been iterated through, there will be exactly one cluster left, which is left unlogged. The program then follows the same steps as before to transform the data into a nice compact AVI movie. 


Although Peristance theory looked promising and Paul’s program delivered, it was introduced too late in the semester to have an impact on our studies. The graphs have a high level of detail, recording not only thresholds but the size the particle reached. No comparisons were made as the time of this writing, but surely there must be a different meaning between Persistance graph having clusters of larger or higher average radii than a graph who’s overall radii is smaller. What can also be looked at is the magnitude of the distances from the line y = x, which would be analagous how long the particle was “alive” before it collapsed into another set of particles.

Betti Numbers, Betti curves, and Persistance graphs were all extremely new to the three of us prior to this course. It might have even been assumed that these chain like structures would not exist in such a situation as a grain silo, rather than having equally propogating forces. Through analysis of the connectivity of components and a close inspection of the threshold levels we were able to gather information about the systems such as average force per particle, number of holes in a system and total connectivity of components. There is much work to be done with the idea of Persistance, and perhaps one can bridge Betti Numbers to this theory or birth and death of particles.

