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Business and Activity Section

(a) Generated Commitments – 
All of the work done this quarter were in terms of work by the two PhD candidates Ashwin Yerasi and William (Bill)  Tandy.  Ashwin continued his model development to guide the instrument development and to also provide opportunities to validate the performance of the equipment including the system being developed by Ball Aerospace for fixed wing aircraft implementation.  He has concentrated on design and operational aspects of both the Ball larger scale unit and the smaller scale unit being developed by Bill Tandy.  Bill Tandy has ordered the first parts to build the smaller DIAL unit using his design.  He has also spent a good portion of the summer developing a methane plume model to characterize the plume that will be measured by both the Ball fixed-wing aircraft unit and by the smaller CU unit designed for a UAV.

(b) Status Update of Past Quarter Activities –

1. Ashwin Yerasi’s progress
 
(b) Status Update of Past Quarter Activities
In order to properly invert DIAL signals and retrieve accurate methane concentrations, one must know beforehand how much gas molecules absorb light at both the online and offline frequencies. Ashwin spent part of this quarter exploring this concept. His goal was to develop a more accurate way of quantifying the methane absorption cross section. In previous quarters, the methane absorption was obtained from the Pacific Northwest National Laboratory (PNNL) vapor phase infrared spectral library. Those absorption values were obtained experimentally in a controlled laboratory environment. Although the PNNL data was a good place to start with the modeling efforts, it could not be used to account for varying temperatures and pressures. Because methane absorption is heavily dependent on environmental parameters like weather, it was necessary to find another way of estimating absorption that also takes them into consideration.
Ashwin thus began to look into the High Resolution Transmission (HITRAN) database. HITRAN, which is maintained by the Harvard–Smithsonian Center for Astrophysics, features data on the transition lines of many gas molecules commonly found in the atmosphere. Because the UAV platform is flying relatively close to the ground, it was assumed that the broadening of the lines would be dominated by gas molecules colliding, so Lorentzian profiles were used to describe the absorption lines. By adding up the absorption effects from each line, Ashwin was able to compute the absorption cross section spectrum of a methane molecule as a function of frequency. This type of information will be invaluable when trying to simulate DIAL signals.
In addition, Ashwin has also been working on modeling the ground reflectance of the scattered lidar signals. In an ideal situation, the reflective effects of the ground should get canceled out in the process of inverting the DIAL signals. However, as apparent from a trial run of the ALDL system, misalignments in the lidar transmitter may cause the footprints from the online and offline signals to not be illuminated equally. This effect can be especially problematic when the ground target is a heterogeneous surface. In such an instance, the reflectance of the two signals will not be equivalent and will thus not cancel out in the inversion process. It is important to consider this phenomenon so that the system can know which data points should be eliminated.
Ashwin is currently developing a numerical method of modeling ground reflectance. His model will spatially break down the lidar signal footprints into a grid. Each piece of the grid will have a certain value for incident radiation and reflectance. The purpose of this is to simulate the nonuniformity of the footprint illumination and the ground target. The reflections from each piece will be totaled to simulate a given measurement. This model is still in its earliest stages and thus assumes ideal Lambertian reflection. As development continues, the plan is to also incorporate more complex reflection patterns.

(c) Description of any Problems/Challenges
One of the greatest challenges that Ashwin faces right now is getting access to actual DIAL data to which he can compare his model and ultimately validate it. Because the ALDL is considered intellectual property of BATC, it will be difficult for them to share their data with CU. However, it might be possible for them to provide us some high-level data along with the system’s basic design characteristics. With this information, Ashwin can at least know in which areas his model can be improved.

2.  William Tandy’s progress

(d) Status Update of Past Quarter Activities

Bill Tandy has been working on developing a real-time plume analysis algorithm suite to detect leak levels order of magnitude faster than current methods. The concept is to apply machine vision algorithms to the problem of plume estimation. By using eigenvectors, databases, pyramids of results, and chi-squared type comparisons, he is able to solve within 5% of the correct answer in less than a second. Tests with traditional approaches such as Monte Carlo and Non-linear Least Squares have similar error rates and take up to 5 minutes. Thus, his early simulation results are showing three orders of magnitude improvement in speed with negligible loss in accuracy.
Ball Aerospace is considering partnering with this effort by providing real world data from their airborne methane instrument. The simulation data analysis is nearing completion. I'm looking forward to working with real data to determine the real world applicability of my approach. The paper should be written fairly soon after that wraps up.
On the hardware side, the critical optical components of the instrument design have been purchased and now delivered. These are the Volume Bragg Gratings that will be used to filter and direct the wavelengths of interest. Work on the hardware will begin once the plume analysis paper is completed.

(c) Description of any Problems/Challenges
Future work will also be looking at NASA provided reflectance data for ground surfaces to determine the sensitivity of wavelength separation on DIAL instrument error. I have the NASA data and a good feel for how I want to cleanly display my results. However, the majority of the work will need to wait for my paper on plume analysis to be completed.

3. Summary

	Both students will be working full time on this project over the rest of the summer and both expect to get a lot of their research work done.  Ashwin has set a goal of completing his PhD by Dec., 2016 and Bill Tandy hope to finish next spring.  Due to a lack of additional we will not have one new student coming this fall to work on the project.  We no longer expert to be able to purchase the lasers needed for a real flight test of this instrument as we feel that only a flight test can establish whether or not this is a viable implementation of this technology.
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