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Assigned Proposal Number:_______ 

Strategic University Research Partnership Proposal for FY2012 
Due Date:  December 5, 2011, by 4 PM PST 

 
1. Title of Proposal 
ALTAIR:  A balloon-borne calibrated light source fo r precision flux calibrations through the 
atmosphere. 
2. JPL Principal Investigator       
Mark R Swain – 326 
swain@s383.jpl.nasa.gov 
 
4. Total Budget Request for FY12 

 New Proposal  [x]  Successor Proposal  [  ]  

 SURP GF included [ ] 

  Multi-year Student Development Initiative [ ] 

 Budget Request: $89,000 
5. Student Participants  
Maxwell Fagin, Dartmouth College, recent graduate of 
the Vassar-Dartmouth with baccalaureate degrees in 
astronomy and engineering.  
maxwell.h.fagin@dartmouth.edu 
One other undergraduate student to be recruited. 
 

3. Co-Investigator(s)    (University and JPL Co-Is) 
Yorke Brown, Visiting Associate Professor of 
Physics, Dartmouth College.  
yorke.j.brown@dartmouth.edu 
 
 

6. Topic Area— Place a “1” next to your primary area and a “2” next to your secondary (optional) area.    
Tip:  Delete unused topical areas to recoup space. 

Next Generation Leaders and Innovators 

[2 ] Education and Training 
[2 ] Student career path development 

Earth Science 

[2] Atmospheric composition and dynamics 

Astronomy and Fundamental Physics 

[1] Origin, evolution, and structure of the universe 
[2] Extra-solar planets and star and planetary 

formation 
 

 

 

7. Objectives— State clearly and concisely the objectives of your work and the expected deliverables. 

 
Develop an order of magnitude improvement in calibration of the optical extinction due to Earth’s 
atmosphere   This improvement in photometric technique is highly relevant to astrophysical measurements 
including observations for cosmology and exoplanet characterization. The group at Dartmouth is part of a 
larger collaboration which has the objective of developing techniques of calibrating ground-based flux 
measurements of the type Ia supernovae that are used as standard candles in cosmology research.  The 
current major challenge for distinguishing among the various theories of the dark energy is our inability to 
measure the optical flux from cosmologically distant type Ia supernovae to a precision better than 1%. A 
collaboration led by Christopher Stubbs at Harvard University is addressing this challenge with a new 
approach to astrophotometry that eschews the use of standard celestial sources in favor of using much 
better characterized standard detectors. [5, 6] 
 
One of the many components of this overall challenge is to account for atmospheric extinction with 
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unprecedented spectral, spatial, and temporal resolution.  In order to break the 1% barrier we need to know 
what the specific air column above the observatory is doing at the specific time of observation, and what 
effect it is having on the spectrum of the light passing through it.  Much progress has been made in this 
effort, particularly in validating atmospheric computer models such as MODTRAN, but the question of the 
role of aerosols remains open. 
 
In order to tackle this problem, collaborators at Harvard, Dartmouth, and the University of Victoria have 
embarked on an effort to loft calibrated light sources well above the tropopause on small stratospheric 
balloons.  The Harvard group has responsibility for ground instrumentation; University of Victoria has 
responsibility for source development; and Dartmouth has responsibility for vehicle development, telemetry, 
ground tracking, and flight operations. 
 
The Dartmouth group, under the direction of Yorke Brown, has developed a prototype vehicle called 
ALTAIR (a rather tortured acronym that stands for Airborne Laser for Telescopic Atmospheric Interference 
Reduction).  With the assistance of the SURP-funded GreenCube collaboration, we successfully flew 
ALTAIR 1 in September, 2011.  Previously, GreenCube flew an ALTAIR precursor that included an optical 
source and which successfully demonstrated a preliminary technique of ground tracking.  ALTAIR 2 is 
currently ready to fly, waiting only for suitable weather.  The ALTAIR 2 gondola is shown in figure 1. 
 
This proposal seeks funding to continue the development of ALTAIR with the objective of a complete end-
to-end demonstration of the capability to fly a science payload by March 2012.  We expect to make at least 
two flights during the summer and fall of 2012.  The primary mission goal of the first flight will be to achieve 
a float profile with a plastic zero-pressure balloon.  The primary mission of the second flight will be to 
demonstrate the reliability of all flight systems and to demonstrate the utility of all ground tracking and 
science data acquisition systems.  During the winter of 2012-2013 we hope to conduct a complete end-to-
end demonstration of the entire system including a complete science payload.    Combined with the goals of 
our colleagues at Harvard and U Victoria, completion of these objectives will put the collaboration in position 
to do pioneering science flights over the PanSTARRS observatory in Hawaii during the summer of 2013.   
 
8. Technical Approach — Describe your plan to achieve your objectives.  Provide specific tasks, milestones, and 
responsibilities. 

 
The critical milestones for reaching our objectives are clearly the three anticipated flights. 
 
ALTAIR 3 
     Target flight date:  March 2012 
     Mission Objectives: 
 

1. Demonstrate float capability using a plastic zer o-pressure balloon. 
Most small-balloon activities use latex weather balloons.  These balloons are sealed and expand as 
they rise through the atmosphere, ultimately bursting at a pre-determined altitude.  The gondola then 
returns to the surface by parachute.  The problem with this system is that the continuous motion 
through the air excites complex and highly undesirable motions of the gondola.  We need stability, 
so we intend to learn to fly a vented balloon with a non-stretching polyethylene envelope.  When this 
balloon fully inflates it vents gas and quickly reaches a buoyancy equilibrium where it “floats” quietly 
at a constant altitude.  To terminate the flight we command a “cutdown” from the ground and the 
gondola releases from the balloon and parachutes to the ground.  The plastic balloons will be 
provided by Raven Aerostar.   

2. Demonstrate reliable telemetry using networked I SM transceivers and automatically tracking 
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antennas. 
GreenCube has been using amateur radio for telemetry.  This approach has serious limitations in 
bandwidth and may not even be strictly legal in the context of professional operations.  It will 
certainly be illegal for operations outside the US.  For ALTAIR we have therefore developed a 
telemetry system based on commercially available UHF transceivers that operate in the unlicensed 
international ISM band at 910 MHz.  We are still working out the details of exploiting this system, but 
it succeeded on the ALTAIR 1 flight.  At long range, this telemetry system benefits from directional 
antennas.  We used hand pointing for ALTAIR 1, but are developing automatically pointing systems 
based on GPS telemetry. 

3. Demonstrate smooth telescope tracking. 
For the near term, we expect to use 50 cm class telescopes for ground observations.  Most such 
telescopes with “go to” mount capabilities will not track at arbitrary rates, so our tracking system thus 
far has only been able to update pointing at 10-sec intervals.  Harvard has a Meade LX200 with an 
arbitrary rate slew feature.  Accurate tracking will increase signal to noise ratio at the CCD detector 
on the ground by concentrating more photons per pixel. 

4. Redesign the flight control system to incorporat e lessons learned from ALTAIR 1-2. 
These lessons learned are many and too detailed to be included here.  The upgrade includes a 
more powerful microprocessor, 16-bit A/D converters, a low-noise precision preamp for the 
photodetector, more system health monitoring features, and more robust firmware. 

5. Redesign the gondola to incorporate lessons lear ned from ALTAIR 1-2, especially with regard 
to thermal management. 
The ALTAIR 1 thermal design was predicated on incorrect assumptions about the power dissipation 
of the science payload.  We now have the actual laser diode sources in hand and need to change 
the design so as to keep critical systems—notably the cutdown battery—warm.  Our goal is a 
“shirtsleeves environment” for the science payload and flight control systems. 

6. Provide U Victoria with a (non-flight qualified)  vehicle for conducting source characterization. 
Accurate characterization of the source is the responsibility of our colleagues at U Vic, but they need 
a payload from us to do this characterization in a rational way. 

 
ALTAIR 4 
      Target flight date:  August 2012 
      Mission Objectives: 

1. Demonstrate reliable attitude sensing. 
Inevitably the optical source will have a non-uniform radiation pattern.  In order to know its intensity 
as seen from the ground telescope, we need to sense the attitude of the gondola.  We have a three-
axis MEMS attitude sensor incorporated into the payload, but we need to learn to calibrate it and 
determine its functional limitations. 

2. Demonstrate quantitative image capture with the LED test source. 
We have developed an interim source that uses a bank of high-brightness LEDs to emulate the 
performance of the laser diode source being developed at UVic.  These LEDs have a nearly 
Lambertian radiation pattern so except for their wider bandwidth, they are an excellent analog for the 
LD system, but at much lower cost.   We expect to be able to use this interim source to do complete, 
quantitative system testing while avoiding the risk of losing $20,000 worth of laser diodes, integrating 
sphere, photodetector, and painstaking calibration effort. 

3. Continue improvements to ground station software  incorporating lessons learned including 

• Improved tracking algorithms 

• GIS plotting facilities 

• Dynamic flight path prediction 
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• Dynamic touchdown prediction. 
Software is a never-ending struggle.  We expect to make improvements continuously.  Telescope    
pointing should be well-developed by this flight, so the emphasis will turn toward better flight 
monitoring and navigation.  We want to be able to predict touchdown accurately so as to expedite 
recovery.  GreenCube is currently developing improved prediction algorithms and GIS course 
plotting utilities.  We hope to be able to borrow extensively from their efforts. 

4. Develop simplified—but still rigorous—flight pro cedures. 
Ultimately, we aim to make numerous flights in the vicinity of remote observatories.  Efficiency and 
reliability of our flight and recovery procedures will be quite important.  Our GreenCube legacy is one 
of considerable discipline (which we intend to retain), but is somewhat more elaborate than we need 
for our repetitive launch cycle. 

 
ALTAIR 5 
      Target flight date:   December 2012 
       Mission Objectives 
 

1. End-to-end quantitative system operation using s cience light source. 
By this flight we hope that our vehicle and flight operations will be sufficiently well developed that we 
can fly the science payload with confidence.  If our colleagues at Harvard and UVic have made 
concomitant progress, we should be able to gather usable science data on this flight, and we will be 
in position to mount an observing campaign in Hawaii the following summer. 
 

We propose to build a team of three people at Dartmouth in addition to Mark Swain’s participation at JPL.  
Yorke Brown will direct two undergraduate students.  Currently, Max Fagin is between graduating from a 
joint degree program with Vassar and Dartmouth and the beginning of graduate school in the fall of 2012.  
He will continue in his role as hardware systems designer, with responsibility for vehicle design, fabrication, 
and test.  We expect to be able to recruit a second student whom we will train to replace Mr. Fagin when he 
departs, but who will concentrate on electronic and optical systems.  Dr. Brown will continue to take 
responsibility for system design, software and firmware development, and general direction.  As with many 
small University groups, we expect to divide tasks as needed depending on circumstances as they present 
themselves. 
 
 
 
 
 
 
9.  Award Continuity — If this is a successor proposal, describe the accomplishments of the predecessor 
award. If this is a Student Development Initiative that you would like to be considered for a multi-year award 
(up to three years), please describe the benefits of an extended award. 
 
This proposal is not specifically a successor proposal, but ALTAIR  leverages a previous SURP-funded 
effort.  Previously, the GreenCube project, directed by Tony Mannucci (JPL) and Kristina Lynch 
(Dartmouth), developed balloon payloads that tested preliminary technology in telemetry and ground 
tracking specifically for our scientific effort.  GreenCube 3 launched a payload carrying a flashing LED 
source and tracked it from the ground capturing both video and quantitative still imagery.  GreenCube3 also 
launched ALTAIR 1, which carried all-new telemetry and attitude sensing systems, and which tested 
developmental flight systems specialized for the zero-pressure balloon systems we hope to launch in the 
future.  GreenCube continues to assist with flight operations and the synergy between GreenCube and 
ALTAIR remains very strong. 
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10.  Innovative Features — Describe the new and original features of the proposed work. 
 
The core innovations in this effort are the use of sensors rather than sources as radiometric standards, and 
the use of balloons to carry calibration sources above the atmosphere. 

11. Team Strengths — Describe the strengths each member of the team brings to the proposed effort. 
 
Yorke Brown is an experimental physicist and engineer with a broad range of experience in research and 
technical systems development.  Over the past thirty years he has served on the faculties of three academic 
institutions, has managed engineering development departments at a major aerospace company, founded 
and served as vice president of a small engineering company, and has performed as a consultant in 
numerous industrial and academic projects.  Through these activities he has developed many innovative 
devices and instrumentation systems, and has mentored numerous students and developing engineers. He 
is currently a Fellow of the Department of Physics at Harvard University, a Visiting Associate Professor at 
Dartmouth College, and proprietor of Yorke J. Brown, PhD, Scientific and Engineering Consulting. 
 
Mark Swain is a recognized expert in methods for exoplanet spectroscopy and is PI of the FINESSE 
mission concept.  He is also a member (appointment from 6/11 to 6/14) of the Balloon Working Group  
which advises the NASA Balloon Program. 
 
It should be noted that our colleagues at Harvard and U Vic also contribute to the strength of the 
collaboration.  Christopher Stubbs (Harvard) is one of the discoverers of the dark energy, and is a renowned 
expert in precision measurements for the study of fundamental physical questions.  Justin Albert (U Victoria) 
has extensive experience in experimental physics, largely in elementary particles, but also in questions of 
experimental cosmology. 
 
12. Exchange of personnel — Describe any plans to have work performed at JPL by university personnel 
or at the university by JPL personnel. 
 
No ALTAIR experiment specific work will be performed at JPL.  Mark Swain plans to travel to meet with the 
ALTAIR team and participate in the March 2012 launch activities.  

13. Significance and Impact of Results on JPL Missi ons and Programs— Indicate specific 
missions/programs or types of missions. 
 
 
 
 
 
 
 
 
 
 
 
14. Plans for Follow-on Funding — Provide a realistic assessment of future funding potential.  Discuss 
how this proposal may enhance the probability of such funding. 
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The overall precision flux measurement effort of which ALTAIR is a key component is currently funded by 
NIST through programs based at Harvard University, where Prof. Christopher Stubbs is PI.  We expect this 
funding to continue in the future provided we continue to show progress.  The effort has been funded in the 
past by LSST Corporation, and since LSST has a strong interest in our outcomes we intend to seek 
additional funding there again.  Our colleagues at the University of Victoria, led by Prof. Justin Albert, are 
seeking funding from Canadian sources, including the Canadian Space Agency.   Prospects for all these 
funding opportunities will certainly be enhanced by showing progress in our ability to design, construct, 
launch, track, and recover functional near-space payloads—the responsibility of the Dartmouth group . Mark 
Swain’s expertise in precision flux calibration and atmospheric seeing will improve the quality of our work 
and facilitate progress.   Greater progress will certainly translate to greater credibility of the scientific and 
technical approach we are pursuing, and thus to improved prospects for additional funding.  
 
15. JPL Principal Investigator Signature 
Name:  Mark R Swain Signature:   
 
16. JPL PI Division Manager (or designee) Signature  
 
Name:  Dr. Harold York Signature:    
 
17. University Co-Investigator Signature 
 
Name:  Yorke J Brown Signature:   
 
18. University Representative with Signature Author ity, if required by university (signature may also 
be provided instead on a letter attached with university budget backup) 
 
Name:  Signature:    
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19.  Figures, Graphics, Tables, etc. 
(Please do not use “text-wrapping” when incorporating.) 

 
 

� [1] Swain, M. R., Deroo, P., Griffith, C. A., Tinetti, G.,  Thatte, A., Vasisht, G. et al. 2010, A ground-
based near-infrared emission spectrum of the exoplanet HD189733b, Nature, 463, 637. 

� [2] Thatte, A.; Deroo, P.; Swain, M. R. 2010, Selective principal component extraction and 
reconstruction: a novel method for ground based exoplanet spectroscopy, Astronomy & 
Astrophysics, 523, 35 

� [3] Waldman, I. P.; Drossart, P.; Tinetti, G.; Griffith, C. A.; Swain, M. R.; Deroo, P. 2011, Ground-
based NIR emission spectroscopy of HD189733b, Astrophys. J accepted ( 2011arXiv1104.0570W) 

� [4] Waldmann et al. submitted to the ApJ 2011arXiv1106.1989W 
� [5] CW Stubbs, JL Tonry, Toward 1% Photometery: End-to-End Calibration of Astronomical 

Telescopes and Detectors, ApJ 646 1436 (2006). 
� [6] Stubbs, CW, et al., Toward More Precise Survey Photometry for PanSTARRS and LSST:  

Measuring Directly the Optical Transmission Spectrum of the Atmosphere, PASP, 119, 1163 (2007). 
 
 
 
 
 
 

 
Figure 1.  ALTAIR 2 Gondola. 
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20.  SURP Budget Sheet 
Category  Year 1 Year 2 Year 3 

DIRECT COST    

1. Salaries — (Itemize) Only “itemize” the person names or job 
classifications and the number of hours for each.  Show one 
total $ salary figure for labor. 

      Itemize names and hours (or FTE) here 

$ $ $ 

2. Labor Fringe — Employee Benefits  $ $ $ 

3. Cat A Labor — (Itemize) Only “itemize” the person names or 
job classifications and the number of hours for each.  Show 
one total $ figure for labor. 

      Itemize names & hours here 

$ $ $ 

4. Procurements–PO (Equipment, Materials and Supplies)  
(Itemize) 

      Itemize here 

$ $ $ 

5.   Procurement–RSA (or PS) for University Subcontract (s) 
(Important!  See notes #1 and #2 below) 

 Itemize and indicate whether the subcontract will be a RSA or 
PS type. 

$ $ $ 

6. Procurements– PS (Itemize) 
     Itemize other (non-university) subcontracts 

$ $ $ 

7. Services — (Itemize) Include all in-house services at JPL 
      Itemize here 

$ $ $ 

8. Domestic Travel — Itemize where and why $ $ $ 

9. Other —(Itemize) (Chargebacks, etc.) $ $ $ 

10. Total Direct Costs  (total of dollars 1 through 9) $ $ $ 

ALLOCATED DIRECT COSTS (ADC)    

11. Total Allocated Direct Costs (ADC) 
 ADC rates apply to SURP proposals, but not MPS.  See your 

section administrator for help applying the current ADC rates 
for the various categories of direct costs above.  

$ $ $ 

12. TOTAL BUDGET REQUEST   ( See Note #3 below.) 
 Sum of Item #10 and #11  

$ $ $ 

 

Note #1:  You must attach a budget breakdown from each university partner.  There is no page limit and the format is 
the university’s choice.  The budget breakdown should be adequate for reviewers to understand labor, procurements, 
subcontracts, services, travel, and university overhead. 

Note #2:  Use a “RSA” type of subcontract to send funds to your university partner, except for the following 
circumstances.  If your proposal involves hardware or software deliveries or if government furnished property will be 
sent to the university, then a RSA subcontract will not be allowed.  Under these circumstances, use a “PS” type of 
subcontract.  The ADC rates for these two types of subcontracts are significantly different and it is important to make 
the distinction in your planning stages. 

Note #3:  Consider using the new institutional online Price Estimate Generator (PEG) for your budget estimation.  Type 
“PEG” in your browser and follow instructions for requesting access. 
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21.  Budget Details for University Partner(s) 

(Replace this page with your collaborator’s budget detail.  There is no page limit and the format may be of 
their choosing.) 

 


