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Introduction: The NASA Discovery/New Fron-

tiers/Lunar Quest Program Office is supporting an in-
novative educational experiment that seeks to train the 
next generation of scientists and engineers by provid-
ing the opportunity for them to respond to an official 
NASA Announcement of Opportunity (AO) [1].  This 
experiment, called the Academic AO Project, is di-
vided into the traditional New Frontiers roles, with the 
overall project management and engineering functions 
being lead by Drs. P.J. Benfield and Matt Turner at 
The University of Alabama in Huntsville, while the 
science teams are lead by Drs. Cassandra Runyon and 
Jon Hakkila, at the College of Charleston.  Other uni-
versity partners include ESTACA (Ecole Supérieure 
des Techniques Aéronautiques et de Construction 
Automobile) University in Paris, France, and Southern 
University in Baton Rouge, LA. 

The first iteration of this project is in the Spring 
2010 semester, with future iterations being in the 
Summer 2010 semester.  During each iteration, student 
teams will develop one of the missions from the 2009 
New Frontiers AO call – this includes all the scientific 
justifications and conceptual engineering design.  The 
end product from this project will be proposals, per the 
2009 New Frontiers AO, for each of the eight mis-
sions.  While the goal of this academic experiment is to 
teach scientists how to be scientists, engineers how to 
be engineers, and everyone how to properly communi-
cate with each other and to work together as a team, 
the authors believe that the students, with their propen-
sity to think “outside of the box,” will also design 
some interesting missions that will be valuable to fu-
ture Principal Investigators and mission planners. 

Background:  All the authors have participated in 
proposal responses to NASA Announcements of Op-
portunity.  While their specific roles have differed, and 
their AO proposal experiences cover the range from 
good to bad, all the authors agree that the process be-
hind the response to a NASA AO – interdependent 
science and engineering teams working together to 
accomplish a common goal – is a valuable tool that 
students need in order to thrive in their respective 
fields.  The Academic AO Project seeks to simulate the 
NASA AO response process in the classroom, where 
the students assume the roles of Principal Investigator, 
Instrument Lead(s), Project Manager, Systems Engi-
neer(s), Subsystem Specialists, etc. 

The engineering and project management compo-
nent of the Academic AO Project is lead by the cap-
stone senior design course in the Department of Me-

chanical and Aerospace Engineering (MAE) at The 
University of Alabama in Huntsville (UAH).  This 
class is known as the “Integrated Product Team” (IPT) 
class because the students work in interdisciplinary 
teams to solve a common design problem, and it draws 
from departments across the university, including 
MAE, Electrical Engineering, English, and Art.  Since 
1993, the IPT class has designed solutions for 25 pro-
jects, approximately half of which were from the De-
partment of Defense and 40% from NASA.  Until this 
project, the IPT class has always worked with an engi-
neering customer.  With this project, science (from the 
New Frontiers AO) is the primary objective of the mis-
sion; therefore, the IPT class needs a Science Defini-
tion Team (SDT) to define the baseline and threshold 
science objectives for each mission. 

Academic AO Organization: Consistent with tra-
ditional proposal organizations, the Academic AO Pro-
ject is divided into three branches:  (1) the Science 
Definition Team, (2) the Spacecraft Developer Organi-
zation (SDO), and (3) the Education/Public Outreach 
(EPO) activity/experiment. 

The role of the Science Definition Team will be 
filled by approximately 20 sophomore-through-senior 
level students from the College of Charleston (CofC).  
Drs. Cassandra J. Runyon, from the Department of 
Geology and Environmental Sciences, and Jon Hak-
kila, from the Physics and Astronomy Department, at 
the College of Charleston will lead their students, as 
they take on the responsibilities of Principal Investiga-
tor(s) (PI), Science Representatives, Instrument Leads, 
and Science Operations Leads.  Just as a real SDT 
would operate, these students will define the baseline 
and threshold science goals, objectives, measurement 
requirements, and instrument functional requirements, 
based on the 2009 New Frontiers AO.  The PI and 
SDT will be responsible for completing sections D and 
E in the New Frontiers AO response, as well as the 
Science Traceability Matrix, which defines mission 
functional requirements for the engineering team. 

The role of the SDO will be filled by the UAH IPT 
class, as well as senior engineering design classes from 
ESTACA and Southern University.  The SDO will be 
responsible for Program Management (PM), Systems 
Engineering (SE), Cost/Risk/Programmatics, Propul-
sion/Attitude Control, Command and Data Handling, 
Software, Power, Thermal, Structures, Telecom, and 
EPO management.  The SDO will be responsible for 
completing sections F and G in the New Frontiers AO 
response, as well as the Mission Traceability Matrix.   
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In “the real world” when a team responds to a New 
Frontiers AO, the EPO aspect  typically includes a 
component designed by university students.  Since the 
engineering and science teams for the Academic AO 
Project are university students, the EPO experiment 
will be designed by high school students.  Two high 
schools in the Decatur (Alabama) City School systems 
– Decatur and Austin High School – have been already 
been contacted, briefed, and given an initial design 
envelope for their student experiment.  These two high 
schools are part of the Alabama Engineering Academy 
Initiative, and these student design experiments will be 
part of their Spring 2010 curriculum.  The PM for each 
university design team will coordinate with the 30 high 
school students, and Drs. Benfield and Turner will aid 
the high school instructors in the teaching of the design 
process and the student experiment. 

Approach: The New Frontiers AO outlines eight 
missions of interest.  Five of these missions – South 
Pole-Aitken Basin Sample Return, Venus In-Situ Ex-
plorer, Comet Surface Sample Return, Trojan/Centaur 
Reconnaissance, and Io Observer – will be designed 
during the Spring 2010 semester, while the remaining 
three – Network Science, Asteroid Rover/Sample Re-
turn, and Ganymede Observer – will be designed dur-
ing the Summer 2010 semester.  One team (consisting 
of an SDT, SDO, and EPO) will design each mission, 
while the science PI and the mission PM will co-share 
the overall responsibility/leadership for the team. 

AO Modifications.  Because this is project is, at its 
base, an academic activity (and only a semester long), 
certain modifications were made to the New Frontiers 
AO.  For example, the Small Business Subcontracting 
Plan and the Export Control Compliance sections have 
been omitted from the Academic AO.  Furthermore, 
some of the requirements for the Master Equipment 
List and Funding Profiles have been reduced. 

Pre-Planning.  Because this project is ambitious 
for a single semester, the instructors and select students 
have been involved in the pre-planning stages.  Stu-
dents who will be the engineering PMs and the Science 
PIs have been involved in classes (at UAH and CofC, 
respectively) where they have become familiar with 
the New Frontiers AO, and the missions for which they 
will be responsible.  The Science PIs have already be-
gun work on the Science Traceability Matrix, while the 
engineering students have begun initial trades and mis-
sion definition.  They are working together to begin 
conceptualizing their respective missions. With the PIs 
and PMs being familiar with the missions and AO, the 
undergraduate teams will be able to “hit the ground 
running” at the beginning of the Spring semester. 

Two graduate classes at UAH have also been in-
volved in the pre-planning process.  The graduate Sys-

tems Engineering class has helped to define important 
aspects, such as the scope, initial trades, architectures, 
product breakdown structure, system requirements, 
functional analysis, key interfaces, margin philoso-
phies, cost factors, and key risks.  The output from this 
class will be a report detailing all these, and  systems 
engineering issues.  Because trajectory analysis is an 
advanced topic, a graduate course in Mission Analysis 
and Design spent the Fall 2009 semester finding trajec-
tories for the eight New Frontiers missions.  The class 
has used analysis tools like the Satellite Tool Kit 
(STK), and Bullsyes.  Their output will be alternative 
mission designs; and, these students will aid the under-
graduates during the Spring 2010 semester as the un-
dergraduates further define their missions (to include, 
for example, precise, or targeted. landing sites, etc). 

Lastly, as part of the pre-planning phase, instruc-
tors from CofC visited UAH to discuss the project with 
the students/instructors during the early Fall 2009 se-
mester.  Later, in the Fall, students and instructors 
from UAH visited CofC, so the PMs and PIs could 
meet and plan their projects.  Students and instructors 
from UAH also visited ESTACA, and have had video 
teleconferences with Southern University. 

Total Disclosure.  As part of the agreement with 
the NASA, the results of this class will be subject to a 
“Total Disclosure” agreement.  This can be thought of 
as the exact opposite of a non-disclosure agreement.  
All the results from the class – mission analysis/design, 
spacecraft designs, lessons-learned, etc – will be 
posted on a public website at UAH upon completion of 
the projects and oral presentation in front of a review 
board of professional scientists and engineers.  The 
authors hope that these results will benefit the PIs of 
future NASA missions. 

Summary:  The University of Alabama in 
Huntsville and the College of Charleston have em-
barked on an educational experiment, supported by the 
NASA Discovery/New Frontiers/Lunar Quest Program 
Office, called the Academic AO Project.  This project 
seeks to simulate the NASA AO response process in 
the classroom, where the undergraduate students as-
sume the roles of Principal Investigator, Instrument 
Lead(s), Project Manager(s), Systems Engineer(s), 
Subsystem Specialists, etc. The goal of this project is 
to teach scientists and engineers how to communicate 
properly and work together to accomplish a common 
goal.  Furthermore, the results/designs from this class 
will be available to the public. 
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