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1. Please highlight your scientific progress from year 1, where did you hope to be after year 1?

(a) Scientific progress from year 1


Equipment

(
The computer lab cluster was successfully upgraded to fiber optics, and the file system structure was completely overhauled. This took quite a lot of effort and time that took from model development.

(
A new 7 tesla horizontal bore animal MRI scanner was installed, radiofrequency coils constructed, and animal protocols obtained. Rapid imaging sequences have been tested and are now used routinely for collecting dynamic data on this project.  

Modeling

(
An advanced lattice-Boltzmann algorithm for more accurate moving wall boundary conditions than previously applied was developed an implemented.
(
A 2-D lattice Boltzmann code developed and validated against analytical model of peristaltic transport using lubrication theory.

(
Passive scalar was put into the 2-D code. It was tested and works very well, and is being validated against analytic solutions.
(
Our first 3-D lattice Boltzmann code developed.
(
An analytical wall geometry model was developed and is currently being applied to analysis of gut mixing.

(
A macro-micro mesh coupling strategy based on work described in the literature was developed and implemented successfully in 2-D. The transition between macro and micro is perfect, and validation is in process. Code is currently being developed for the macro-micro gut problem

MRI Developments, Experiments

(
MRI fast imaging technology (>5 images per second) was developed  for imaging gut motion in rats. Oral gavage of a gadolinium contrast agent was followed by rapid 3D imaging enables visualization of the GI tract for localized imaging.
(
A number of large data sets (~1000 images) have been acquired for subsequent image analysis.

Image Analysis

(
Thorough search of literature for relevant image analysis methods for our problem, and testing of primary techniques potentially useful: (1) 2-D Live Wire or “Intelligent Scissors” for Image Segmentation, (2) 3-D Live Wire Segmentation, (3) Canny and Snakes Algorithms, (4) Gradient Vector Flow, (5) Live-Wire with Gradient Vector Flow.

(
Implementation of 3-D Live Wire Segmentation technology developed at Penn State by Lu & Higgens, and integrated with Snakes and Gradient Vector flow.

(
Complete segmentation of one dataset.

(
Development of two different “Proper Orthogonal Decomposition” (POD) strategies for model decomposition of time-resolved gut wall motions into primary modes. Application of one of the POD strategies. The mathematical structure of the other (preferred) strategy has been developed and is in the process of implementation.
(b) Where did you hope to be

Naturally, we hoped to be a little farther along, however learning curves have now been transcended an developments much more rapid than the first several months

With the modeling, we had hoped to have carried out the series of 2-D mixing studies with the model we are just initiating in order to move into 3-D by the end of the year. However, a difficulty was that there was a cut in the budget that reduced research personnel to only a new PhD student. He and a postdoc on another project upgraded the lab (see above), and dealt with a major disk crash (see below), which took quite a bit of unwanted time from the model development. He is now up to speed, and we recently received a supplemental award and hired a postdoc, so progress is rapid.

2. What challenges did you experience?

The challenges were more-or-less as expected with no major surprises. We feel that the program initially laid out is on tract and in process, we are breaking new ground, in the modeling, in the application of MRI technology, and in image analysis and segmentation.

The one unexpected major problem was a major disk crash in the computer lab that took several weeks of time to repair. The files systems were completely restructured as a result and an automated backup system installed.

3. What unexpected outcomes did you encounter?

Nothing too unexpected, really. We discovered a susceptibility of gut motility to the type of anesthesia, which has lead to additional protocols with different anesthesia to explore the relationship between contractile activity and anesthesia. 

4. What are the major advances that have occurred in your field this year?

Lattice-Boltzmann methods: there have been advances in implementations of moving boundary conditions that we have taken advantage of. MRI: we have produced the advances.
The MRI results represent, to our knowledge, the first systematic studies of dynamic gut motion in animal models
5. How successful were your proposed tools, and did you adopt new tools?

So far, development has gone more-or-less according to plan and we are happy with progress and developments. New tools: We purchased Amira, a commercial visualization suite.

6. Please share your individual experiences of collaborating with the broader community.

Interactions have been through the working groups. The only collaboration, per se, has been with Michela Taufer, who is interested in the may in which computer architecture and manner of running code on massive parallel machines may alter the outcome of the calculation. We have provided her some code and example runs for her use. This is not directly related, however, to the MSM program, but relevant indirectly.

7. Please highlight your plans for year 2.

(
Complete the imaging, segmentation, and thorough analysis of macro-scale contractile motions at the macroscopic scale in the rat gut using proper orthogonal decomposition (POD).
(
Quantify systematically mixing vs. transport properties of simulated mixtures of peristaltic and segmental gut motions.

(
Determine the mixing vs. transport characteristics associated with each of the principle components determined from POD of gut motion, and characterize quantitatively the mixing of nutrient molecules at the macro-scale in the gut. 
(
Extend the above simulations to 3-D.

(
Complete the development and application of our macro-micro coupling algorithm with the lattice-Boltzmann method (LBM) for nutrient transport from the macro to micro scale motions in the got.

(
Apply macro-micro LBM coupling strategies to study systematically the potential effectiveness of micro mixing in transport of nutrient to the epithelium.

(
Continue to develop, and apply strategies from micro-scale MRI imaging of the gut villi along the epithelial surface in the rat gut.

(
Develop image analysis methods for quantifying from the MRI images the motion of gut villi.

(
Apply quantification of villi motion in simulating macro-micro scale mixing in the gut, and effectiveness of villi in transport of nutrient for absorption at the epithelium of the gut mucosa.
8. What is your primary MSM Working Group?


Primary:

WG1: Filament dynamics, coupling molecular dynamics and continuum dynamics 

WG7: Multiscale Imaging and Geometric Modeling


Secondary:

WG 3: Cardiovascular and Pulmonary – hemodynamics and fluid dynamics

WG5: High-Performance Computing Group, computational issues and algorithms

(I have actually been participating in WG5 at a higher level than WG1. It turns out that the modeling that others in WG1 are interested in is not as relevant to my applications as I thought they would be.)

9. Please comment on your MSM Working Group(s), and what needs to be improved?

We are all working hard on our research. The working groups do provide some useful interaction, and it is great to hear other’s comments and discuss with the human voice (email does get tiring). However, by-in-large I would say that we are all trying to maximize the time and effort we spend moving our research programs forward, advancing out technologies, and getting interesting scientific results that tell a good scientific story. To date, the working group interactions have not yet been tremendously useful, with the exception of learning about how the teragrid efforts are structured and potential future use of the tera, and later peta grid.

10. How do you foresee logical linking of models with others in the MSM?

To be honest, I do not see this happening except in special cases where two researchers are working together, or on very closely coordinated scientific or technological issues. The concept of code sharing is warm and fuzzy, but the reality is that advanced research involves pushing the envelope of the state-of-the-art, so that there will not be as much direct overlap as perhaps envisioned. Bits of software exchange here and there I can see. Some data exchange I can see (especially image data). However, advanced researchers will generally not want to give up (or use) brand new code that has not been fully tested, broken, cleaned up, etc.. Generally researchers move on to do more research and advance code to new levels of sophistication, rather than making existing code robust, fully bug-free and clean, as required for “commercial” use.

11. Are you writing grants?

Yes. As a result of this project, I am developing a proposal with a colleague at AstraZeneca, Sweden, on drug dissolution, mixing and transport in the gut, that will be submitted in January to the AstraZeneca hierarchy. With 3 other co-PIs, developed and submitted a $7.5M program project grant to NIDDK in October.

12. Are you finding new collaborations?

I always am finding new collaborations, wherever and whenever it makes sense. In this program, I have struck up good relationships with Michela Taufer and Rob Kunz. Other useful contacts that have come out of the working group discussions is with Tony Ladd and George Karniadakis.

