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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 students Ashwin Yerasi and William (Bill)  Tandy.  Ashwin made a second presentation to his PhD committee and received approval to proceed with his PhD research activities.  Bill had his comprehensive exam where his committee approved of his project and gave him the go ahead to work on his PhD research.  Thus, they are now both PhD candidates and are working on complimentary aspects of this project.  Ashwin continues 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.

(b) Status Update of Past Quarter Activities –

1. Ashwin Yerasi’s progress
 
In the earlier design stages of this project, the manner in which the UAV-based DIAL system would search for gas leaks was rather simplified.  It was previously assumed that the UAV would always fly directly over pipelines and the instruments would always point in the nadir direction.  It was also assumed that the leaks would only emanate from the ground straight above pipelines.  However, these assumptions are not practical.  In reality, it would be unlikely for the UAV to fly so stably.  Also, leaking gas may emanate from the ground some distance off to the sides of pipelines, especially ones that are buried deep underground.  Therefore, it was necessary for us to investigate how the system’s scan method could be modified so that no spots would be missed.
This quarter, Ashwin began developing a simulation of the airborne DIAL system as if it were operating with a cross-track scanning mechanism.  The figure below illustrates how the pipeline would be scanned as the UAV flies above it.  It is an overhead view of the ground.  The bold black lines represent the pipeline and the blue circles with red dots in their centers represent the footprints of individual measurements.
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It appears that with cross-track scanning, the pipeline can be completely covered and then some.  This would be especially useful if the UAV were flying slightly off to the side of the pipeline. However, the simulation is incomplete.  Various elements such as the UAV tilting and wobbling, flying at varying speeds and altitudes, etc. still need to be incorporated.  Also, further investigation is necessary to determine how cross-track scanning could be implemented practically.
In the previous quarter, Ashwin put much effort into studying the minimum amount of energy that the transmitted lidar pulses would require in order to produce reliable gas concentration retrievals.  This quarter, he studied the maximum amount of energy that the transmitted pulses are allowed to have.  Knowing this quantity is important because if the pulse energy is too high, then the backscattered signal will be too strong and can potentially damage the receiver subsystem.
One way to address this issue without compromising the measurement reliability too much is to have the lidars transmit more pulses with less energy.  Ashwin is currently exploring how to balance the pulse repetition frequency with the transmit power in order to still produce optimum retrievals.  This study ties into the aforementioned scanning study.  In the figure above, each footprint corresponds to single measurement.  Notice that a given spot on the ground can fall into multiple overlapping footprints. Thus, it can be estimated how many times that spot can be sampled at a certain pulse repetition frequency.  In turn, this information can be used to estimate what the ideal transmit power should be.

Description of any Problems/Challenges
Perhaps the biggest challenge that Ashwin faced this quarter was serving as a teaching assistant for an undergraduate course while also trying to contribute to this project.  Nonetheless, he was still able to keep up with what was happening. After the semester ends in early May, he will be able to work on this project full-time.

2.  William Tandy’s progress

	Questions at his comprehensive exam in February have been resolved and a design has been settled on that we hope will fit within our funding envelope.  We realize that we can’t afford the new lasers that would be needed to build a flight version of this instrument so we anticipate a ground test only to verify the performance of the instrument.  For this ground test we will use the lasers that belong to Ball Aerospace.  Initial hardware purchases are underway to buy some of the critical pieces to build the instrument.  William has managed to get a company to build us 3 optical Bragg gratings for a reasonable cost.  These will be used to filter the LIDAR wavelengths as shown in Fig. 1.   This figure represents the current design of the instrument. It features a series of optical gratings to filter out the wavelengths needed to measure the methane concentrations and does so in a small, lightweight package. The consistent optical path for all light sources also minimizes error sources. Adjustments are being made to the way optical paths come together by using collimated lenses instead of fiber optic couplers.  We plan to use precise temperature control to separate the wavelengths to give us on the on and off wavelengths for the detection of methane.
	Bill is currently investigating data inversion methods for plume characterization, including leak rates and locations.  One key parameter being studied is the quantitative analysis of the required measurement swath width around a pipeline and how this width drives uncertainty in the measurements.  In addition, he is study the need for the characterization of wavelength separation requirements when discussing ground reflectivity.  For instance, can the online and offline wavelengths be larger than a nm if you know beforehand that the terrain is largely desert, or does it always need to be sub-nm?  Understanding the reflectivity performance as a function of wavelength may drive future designs for the next generation of remote sensors.

[image: ../../../../Desktop/image.png]
Figure 1

	This is Bill’s last semester of classwork and after this he can devote his energies to doing research on this instrument.  It is likely that he can complete his research by early next summer.

Summary

	Both students will be working full time on this project over 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.  We have one new student coming this fall to work on the project.  We plan for a new CAAP proposal to supply 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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