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Goal: Sharing research/ knowledge, brainstorming, exploring new ideas. 

 

Outline 

2:40-2:50  Intro 

2:50-3:00 Concept ID (in teams) 

3:00-3:20 Concept Sharing (as class) 

3:20-3:50 Mission Ideas (individual) 

     -Brainstorming “Crazy” Ideas (as class) 

     -Sharing & Voting (as class) 

3:50-4:15 STM* Generation (in Team 1 groups) 

4:15-4:25 Technology Development ID (in teams)  

4:25-This week Mission Capture (in teams) 

 

Task: Will always appear in dark blue and underlined 

 

*STM: Science Traceability Matrix 

 

What are we doing today? 

Key 

elements for  

NASA 

proposals 
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• We are a team of peers- including YOU 

• Foster trust & respect 

• Crazy ideas, not crazy people 

• Build on the ideas of others 

• Everyone in the room participates 

• Make an effort to listen more than you speak 

• Don’t ask for permission, plenty of forgiveness 

• Encourage wild ideas, they inspire innovative ideas 

• Discovery is key- learn something new! 

• Have at least one “bad” idea- and many more “good” ones! 

 

 

Innovation Jam Culture 2:40-2:50  

Picture Credit: http://ericnyquist.blogspot.com/2011/04/nasa-jpl-rapid-mission-architecture.html 
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Break into groups according to chart below. 

 

 

 

 

 

 

 

 

 

 

 

 

Task: Discuss most interesting findings from your research this weekend 

• What was the most interesting/ surprising thing you found?   

• Did you already know a lot about this?  Why? 

• Jot all ideas on Post-its, everyone should have at least 3 unique ideas 

 

Concept ID (in teams) 2:50-3:00  
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Task: As a class we will rapidly share ideas. 

The idea is to generate a lot of ideas and bounce ideas off your classmates. 

If you think of new ideas, jot them down and jump in! 

 

I need 4 volunteers to help “organize” responses for following areas: 

1. Where do we want to explore?  Why? (Teams 1, 2, 3, 4+) 

2. What is it like to visit a small body? (Teams 3, 5+) 

3. What are the major challenges? (Teams 3, 5, 6, 7, 8+) 

4. What are creative solutions to overcome challenges? (Teams 8, 9, 10, 11+) 

 

 

Concept Sharing (as a class) 3:00-3:20  

Photo credit:  Wikipedia commons, 

Moons_of_solar_system_v7.jpg 
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1) Brainstorming (individually):  

Task: Think of at least 5 ideas of: 

• Science Missions to Interplanetary Locations 

• Technology Development Missions (in LEO, GEO, or beyond) 

Answer: What are you doing and why? 

 

Note, these can (and should) include: 

• Novel mission architectures, ways of overcoming mission challenges 

• Crazy/ new ideas for interplanetary exploration 

 

2) Sharing (as a class): share your ideas with the class 

I need 5 volunteers to help “organize” responses for the areas above. 

The idea is to generate a lot of ideas and bounce ideas off others. 

If you think of new ideas, jot them down and jump in! 

 

3) Voting/ Candy time (individually):  

Come and “vote” on your favorite ideas. 

 

 

Mission Ideas (individually, as a class) 3:20-3:50  

Photo credit: http://crazyideafactory.com/ 
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Science Traceability Matrix (in teams) 3:50-4:15 

What is a Science Traceability Matrix (STM)? 

• Simple, quick description of mission goals and implementation 

• Overview of what the mission will accomplish (science/ technology) 

• Demonstrates traceability- how downstream decisions are driven by program, 

mission, and science objectives 

• Famous JPL quote: “Who is Mr./ Mrs. Moneybags?”  

 (usually drive program objectives) 

 

• Elements of STM: 

 

 

 

 

 

 

 

 

 

Program 

Objectives 

Mission and 

Science 

Objectives 

Measurement 

Objectives 

Measurement 

Requirements 

Instrument 

Requirements 

Science/ 

Technology 

Products 

Spacecraft , Ground 

System, Mission 

Operations 

Requirements 

What are you 

trying to  do? 
How are you going to 

accomplish it? 

Reference available on CTools here:  AEROSP 483 001 W12 Resources / Readings and References / Mission Design/ 

WEISS_Science Traceability Matrix_JPL_2009.pdf 

Photo credit: http://www.mmodesigner.com/?p=253 



 Example STM: DUST Mission 

Mission and 

Science 

Objectives 

Measurement 

Objectives 

Measurement 

Requirements 

Instrument 

Requirements Science/ Technology Products 

Spacecraft 

Requirements 

(ex.) 

 A) Study 

atmospheric 

density in LEO to 

re-entry altitudes 

Measure  global 

atmospheric 

density on a 

small-scale 

Multiple 

spatial/temporal in-situ 

measurements 

(accuracy ~10-12 

kg/m3 ?) * 

Wind Temperature 

Sensor (WTS)* 

measures neutral 

density  

Spatially and temporally distributed 

measurements  to generate 

Maps/Models of atmospheric 

densities (particularly at low 

altitudes) 

Supply sufficient 

power to payload, (1 

W average), attitude 

knowledge (to 1 

deg),. 

Measure 

atmospheric 

density on a 

large-scale 

Knowledge of s/c 

attitude (passive 

control/determination?)

, Multiple in-situ 

measurements 

GPS and/or Ground-

based tracking to 

100m accuracy 

Spatially and temporally distributed 

measurements of satellite locations-> 

drag effects->Maps/models of 

atmospheric densities (particularly at 

low altitudes) 

GPS receiver, 

Sufficient power, (1 

W average),  

B) Study electron 

density which 

interfere with 

communication/G

PS in LEO to re-

entry altitudes 

Measure global 

electron density 

on a small-scale 

 electron temperature, 

electron density, and 

electric potential Langmuir probe 

Spatially and temporally distributed 

measurements  to generate 

Maps/Models of electron densities 

(particularly mid-latitude), 

plumes/scintillations, small scale 

instabilities (particularly at low 

altitudes) 

Sufficient power, (1 

W average), attitude 

control (1 deg), 

knowledge (0.1 deg), 

*WTS (from WINCS) is a miniature instrument to measure the wind, temperature and atomic densities of the local neutral atmosphere. This instrument includes a unique “imaging” capability which can measure 

the number density across a 16 pixel fan, allowing the determination of not only the composition of the local atmosphere, but also the presence of any horizontal cross-track winds 

Program Objectives: Study space weather with multiple in-situ satellites 
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3:50-4:15  

Task: Develop an STM for the Mission concept you are assigned  

See example below: 
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Identify technologies that needs to be developed for your mission 

 

Task: 

• Make a list of technologies needed in STM 

• For each technology (look at the most interesting in class now): 

• Is it really needed?  Are there ways of eliminating it? 

• Is it Heritage (something similar exists) or New? 

• If Heritage: 

• Estimate current TRL 

• Outline steps to increase TRL 

• If New:  

• Outline steps to prove technology 

• Identify risks and costs 

 

 

 

Technology ID (in teams) 4:10-4:25  

CMOS active-pixel sensor, "camera on-a-chip”  

Photo credit: solarsystem.nasa.gov/ 

NASA Technology Readiness Levels 

Photo Credit: Wikipedia 
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To capture the day’s activities, you have assignments: 

 

1. Complete STM for mission and submit (as a team) 

2. Complete Tech questions for at least two technologies (as a team) 

3. Complete survey on today’s session (To be assigned) 

(this will be sent out in more detail) 

 

Deadline: Wednesday, 2/22  

Submit everything on CTools (folders will be created, survey sent out) 

 

 

 

Mission Capture (homework) This week 

Portrait of a Doomed Asteroid 

Photo Credit: http://www.nasa.gov/ 

http://www.nasa.gov/


 Back Up Slides: Prep Assignment for Project 2 

Project 1 

Team Theme Question 

1 Decadal Survey 
Review the Decadel Survey in the context of the topic of interplanetary exploration.  What kinds of science can be accomplished by nanosatellites?  Bring copies of 

relevant parts of the Decadel Survey with key points highlighted. 

2 

What other 

missions have 

been proposed? 
Review past small body rovers.  What were mission challenges?  How were they overcome?  What were lessons learned?  [Hint: Review Minerva, Hayabusa, Blast Pod, 

and Muses-CN] 

3 
Where can we go? 

Review comets, asteroids, planets, and moons that may be interesting to visit.  Why are they interesting to scientists/ others?  Why would they be challenging to visit? 

4 
What can we do? 

What is the relevance of investigating dust in space and on small bodies (i.e. why are scientists interested)?  What instruments can be used? 

5 

Challenges/limitat

ions 
Describe forces which act on a satellite visiting a small body (i.e. gravity, solar radiation pressure, magnetic forces, etc.).  How do they differ from the forces on a satellite 

orbiting the Earth? [Hint: Review work by Sheeres at U of Colorado (formerly U of M)] 

6 

What are major engineering challenges of a small satellite visiting a small body relative to being in LEO?  Think about the (potentially dangerous) environment, 

communication/ power challenges, position/ attitude challenges.  Try to quantify these challenges- i.e. how much harder is it at an interplanetary body relative to a satellite 

in LEO? 

7 What are the major risks in visiting an interplanetary small body?  Consider asteroids, comets, planets, and moons.  Provide at least 10 risks. 

8 
Make a list of instruments which have flown on CubeSat missions which could be used for interplanetary exploration.  Brainstorm ways the instruments/ components may 

need to be modified for use in interplanetary missions. 

9 Creative Solutions Brainstorm ways to maintain communication between interplanetary bodies and the Earth.  Describe existing and new technologies/ architectures that may be needed.   

10 

Possible 

architectures 
Describe at least three possible mission architectures for visiting a small body.  Describe advantages/disadvantages and limitations of each.  [Hint:  Consider mothership-

daughtership architectures.] 

11 
Launches Research launch opportunities and methods to integrate small satellites to launch vehicles for interplanetary missions.  Make sure to review the P-POD specification and 

other potential launchers. 

Extras 
What is the relevance of investigating surface properties of small bodies (i.e. why are scientists interested)?  What instruments can be used?  Discuss interesting physical 

and chemical investigations. 

Brainstorm ways to collect and store power at interplanetary distances further from the Sun than the Earth.  Describe existing and new technologies/ architectures that may 

be needed.   

What is the relevance of investigating radiation on small bodies (i.e. why are scientists interested)?  What instruments can be used? 

What is the relevance of investigating gravity structure and water on small bodies (i.e. why are scientists interested)?  What instruments can be used? 

What is the relevance of investigating elemental composision (e.g. neutron density) and isotropic ratios (e.q. mass spectroscopy) on small bodies (i.e. why are scientists 

interested)?  What instruments can be used? 

How do we maintain a battery charge with a several year cruise? 

How do we localize without GPS? 

If we baselined RAX for an interplanetary mission, what would need to change? 

Review available thruster technology and compare to what is necessary to perform interplanetary maneuvers.  What can be done? 


