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a) A short summary of the goals of the project that clearly articulates the innovation and payoff to NASA if successful
Atmospheric aerosols play a crucial role in the Earth’s radiation balance and may hold the key to combating global warming. However, more knowledge is needed about aerosol sources, distributions and properties. This requires continuous observations from satellites, networks of ground-based instruments, and dedicated field experiments. The existing Ames airborne sunphotometers have contributed significantly to such field experiments by making sunlight transmission measurements at 6 or 14 discrete wavelengths. An airborne instrument that measures a continuous spectrum of the direct solar beam and of the scattered sunlight as a function of angular distance from the Sun will deliver considerably more information on atmospheric aerosols and gases but does not currently exist. The envisioned instrument is targeted for autonomous operation on small or unmanned aircraft.

In the project we address key technical challenges we encounter when designing the smaller, lighter, fully autonomous, more capable instrument described above. The challenges are

a) Dynamic range of the detection system,
b) Suppression of unwanted stray light when measuring sky radiance a few degrees away from the Sun,
c) In-flight self-cleaning of the optical window.
Demonstrating solutions to all these challenges using DDF funding will enable us to finalize the mechanical, electrical and optical design of an instrument that can win more extensive funding from NASA HQ to build and fly the complete instrument. 
b) A discussion of the progress made to date on the project, e.g. progress towards milestones given in original proposal
Our approach is to develop a low-cost functional ground-based prototype system to address the technical challenges listed above. The prototype has azimuth and elevation motors and a quad sensor for accurate solar tracking or sky scanning (see Figure 1). A Y-shaped fiber optics cable leads from two separate entrance optics, one for direct solar beam one for sky radiance (yellow barrels in Figure 1), to the rack-based Zeiss spectrometer. The rack also houses all non-moving parts such as power supply, motion controls, data acquisition PC, etc.
After receiving funding authorization on May 23, 2004, we established the schedule shown below. We are happy to report that up to this point the project has been proceeding on schedule. The tracking/scanning unit has been designed, fabricated and assembled. The design of the two separate entrance optics (yellow barrels in Figure 1) is about 90% complete. Virtually all other hardware and software has been delivered (fiber cables, spectrometer, data acquisition PC, motion controller). The project is now in its hardware integration stage, followed by software integration. Additional design work is necessary for the window cleaning mechanism.
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Figure 1: Left: Pro-E model of prototype (moving portion only, fiber optics cables not shown). Right: assembled mechanical portion of prototype standing on top of rack that holds non-moving parts. Also on rack: Y-shaped fiber cable and spectrometer in red plastic protective bag.
c) What is the return-on-investment (ROI), which could include future follow-on funding opportunities or commercial spin-offs of the work? 
Our team envisions building a smaller and lighter (compared to our current airborne sunphotometer) and fully autonomous instrument with increased observational capabilities targeted for small aircraft or UAVs. This is very much in line with the recent mandate from NASA HQ to migrate airborne research from large and costly platforms to smaller, more innovative platforms including commercial aircraft, and especially UAVs. Ames has been a leader in the applications of UAVs and this instrument would expand our lead role.
The ground-based prototype we are building in this project is a very important first step towards the envisioned airborne instrument. We have received very encouraging signals from NASA’s Radiation Science Program funding manager (Dr. Hal Maring) that a well written proposal to design and build the airborne version would have excellent chances of getting funded. We are planning to submit such a proposal in February 2005.
The resulting instrument would permit Ames to play a unique and valuable role in many Earth Observing System data calibration and validation experiments. It will also enlarge our contributions to the study of aerosol effects on Earth’s climate sponsored by different agencies, a prime objective of the division.
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d) Why second-year funding should be granted 

With second year funding we will be able to complete the ground-based prototype system according to the above schedule. Hence, we will be in a position to demonstrate solutions to the challenges the envisioned instrument poses. Without second-year funding, it will be very difficult to win more extensive funding from NASA HQ to build and fly the complete instrument.

e) Deliverables from the first year of research such as publications, and expected deliverables if second-year funding is approved.

Dr. Redemann (Co-I) presented our new instrument designs to the science team for CALIPSO (a space based lidar to be launched in spring 2005). The science team is counting on our group’s current and future instrumentation for validation of the CALIPSO instrument.

We plan to present measurements made with the prototype developed here at international meetings that focus on optical instrumentation in atmospheric research.
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