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1.  New Developments
The most interesting new development in this project is the interest that the Lasen Company has expressed in working with us on a UAV solution for methane leak detection.  As a first step we met here at the University of Colorado and discussed next steps in a joint collaboration.  First Bill Emery secured a statement by Ball Aerospace that they are presently not interested in collaborating with Lasen and second Ball is not interested in a UAV based methane leak sensing solution.  This further opens the door for CU to collaborate with Lasen on this project.
As described below the first step in this collaboration will be for Lasen to deliver to Ashwin Yerasi some of the data from their system with the specifics regarding customer removed.  Ashwin will see how well his model generalizes to the longer midrange infrared wavelengths that are used by Lasen compared with the shorter near-infrared wavelengths we are anticipating using for the UAV system.  Both Ashwin Yerasi and Bill Emery has signed non-disclosure agreements with Lasen to allow this collaboration to go forward.  
Lasen has also reviewed any of the progress made by Bill Tandy in the actual physical design of the system.  We discussed with Lasen exactly what we think it would take to get a fully operational prototype UAV system for testing and evaluation.  We believe that by working together we can complete this system in the next couple of years.
One of the most interesting developments is the FAA Ruling #107 which opens the skies to more commercial UAV operations.  It still maintains the 400 ft elevation limitation and line-of-sight requirement but for underpopulated areas this line-of-sight can be provided by someone in a moving vehicle rather than in a fixed position on the ground.  The FAA expect 600,000 new commercial UAV operations by the end of 2016.
2.  Modeling and Analysis Work by Ashwin Yerasi
(a) Status Update of Past Quarter Activities
In this quarter, Ball provided Ashwin with some data collected from a test of their Advanced Leak Detector Lidar – Natural Gas (ALDL-NG) instrument. The ALDL-NG is an airborne LIDAR system that operates near 1.65 µm in a pulsed integrated path differential absorption configuration. Its wavelengths are specifically tuned to detect methane gas. The data features measurements of the DIAL signals transmitted towards the ground as well as some internal system calibration measurements. It also features geographical data that identifies the physical location of the instrument. With this information, it is possible to calculate the path-averaged methane concentration between the plane and the ground and to georeference it.
Ball developed an inversion algorithm to retrieve methane concentration from the ALDL-NG data. The data that Ashwin received also featured the concentrations as calculated by Ball, but he was not given any specific information about their algorithm itself. Ashwin attempted to develop his own inversion algorithm independently and compare the results to those of Ball. The values that he calculated were regularly 10-15% higher than the values Ball retrieved. It is believed that there is some kind of scaling factor between these two algorithms that is causing this consistent difference. At this time, it is unknown which algorithm is “correct” since there was no particular control target involved in the tests, but it will certainly be explored as the project progresses.
Ashwin was given two datasets: one from over an oil well and the other from over an auto service shop. He georeferenced the path-averaged concentration data obtained from Ball’s algorithm, interpolated and rasterized it, and placed it above Google Earth imagery of the observed areas. The figure below depicts these concentration maps.
(b) Description of any Problems/Challenges
It is uncertain what order of magnitude methane concentrations near gas leaks can have, but it is known that the ambient methane concentration in the troposphere is about 1.8 ppm. So to be safe, any measurement above 3.0 ppm will be viewed with suspicion for now. Pixels with such values are colored red in the images below (Fig. 1). When the ALDL-NG scanned over the oil well, it seemed to have detected a significant amount of methane. This is a promising sign because oil wells produce methane as a byproduct. It is an indication that the instrument does indeed work and its principle of operation is actually practical. However, it can also be seen that as it scanned over the auto service shop, it spuriously detected methane at some seemingly random spots. That is problematic because parked vehicles are not particularly known for being methane sources. It is believed that misalignment in the LIDAR channels’ footprints and the heterogeneity of the ground reflectance is causing these false positives. Ashwin’s task for the next few weeks is to characterize this type of error and figure out how to mitigate it.
As mentioned earlier, CU recently began a partnership with LaSen to try and develop the UAV-based leak detection system further. To assist with this development, LaSen plans to provide Ashwin with some data that they have collected from their own surveys. However, the main challenge is that LaSen’s instrument operates near 3.3 µm band whereas CU’s proposed system will operate near 1.65 µm. The types of laser technology at these two bands are completely different and it is unknown whether Ashwin’s modeling efforts can be applied to both of them. Nonetheless, it is believed that the underlying theory should still match. Once Ashwin receives LaSen data, he will be able to investigate any differences between these two types of instruments.
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Fig. 1.  Methane concentration over oil well (left) and auto service shop (right).

3.  Modeling and Design Work by Bill Tandy
My focus this quarter has been on understanding the importance of wavelength separation when looking at reflection equivalence. The practical component of this is the detailed analysis of reflectance values in a DIAL system with JPL's material database. This database has over 2,000 materials with specimens ranging from black paint to calcite to lunar regolith. By running all of these materials through the DIAL equation, acceptable error thresholds can be investigated and long-held assumptions about wavelength selection challenged. The attached figures show the result of all of the materials being compared against all of the wavelengths and over a range of +-6 nm respectively. The intention is to wrap up this paper for publishing by the end of October.
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Fig. 2. Percent of materials with 5% or less error:  offline wavelength versus online.
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[bookmark: _GoBack]Fig. 3. Percent of materials with 5% or less error: offline wavelength versus online.
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