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Interplanetary PicoSat Design Course
l Two semester capstone design course for grad 

students – concept to build  to flight test
n Geology, astrophysics, systems, mechanical, electrical, 

aerospace engineering



Facilities



Mission in a Nutshell

From an orbiting mothership, deploy a 1-U 
satellite that will conduct a geophysical 

investigation of the surface and interior of 
Apophis
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Apophis
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Primary Science Mission Objectives

l Determine the physical characteristics of the 
regolith at Apophis
n Grain sizes
n Morphologies
n Grain size distribution
n Sorting
n Alteration materials



Secondary Science Mission Objectives

es.ucsc.edu/~fnimmo/CODEP/
planetarygeolog.blogspot.com/2013/09/mining-astroids-not-just-any-asteroid.html

l Determine the internal structure of asteroid Apophis



Instruments

l Imagery
n Observe physical characteristics 

of regolith
l Penetrometry

n Identify grain sizes
n Regolith layering or sorting

l Seismology
n Modeling the interior structure 

of Apophis

• Pixel Size: 14µm x 14µm
• Array: 2592 x 1944
• Lens Size: ¼ inch
• Operating Temperature:                 

-10 C to 55 C
• Company: ArduCam

Component (diameter)
1. Base (9 mm)
2. Fiberglass Shaft (6 mm)
3. Al Friction Sleeve (7 mm)
4. Strain Gauges
5. Macor Washer (6 mm)
6. Piezo Force Sensor (6 mm)
7. Tip (7 mm)



Instruments - Seismology



System
l Mass: 1 kg
l Volume: 10 x 10 x 10 cm
l Battery:  72 Wh (LiSOCl2)
l Instruments:  

n Camera
n Penetrometer
n Seismometery  (3 deployables)

l Mission Life: ~12 hrs max
l Propulsion: Cold Gas (N2)
l ACS:  3-axis Reaction Wheels
l Computer:  Tyvak Intrepid



System
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Concept of Operations



System Budgets



Power Architecture



Computer Hardware/Comm Architecture



Software Architecture



Prototype Development



Seismometer Experiments



Propulsion



Propulsion



Reaction Wheel  System



Discussion

l Ongoing work to simplify & parallelize mission 
concept

l Quantify science products
l Determine effectiveness of science instrument and a 

descope plan 
l Challenges in navigation/localization
l Flight qualification of critical components



Conclusion

l A low-cost approach to asteroid exploration 
proposed using a 1U short duration mission

l Soft and/or powered landing followed hopping on 
asteroid surface to perform science

l Miniaturization of science instruments promising –
challenges in determining effectiveness

l Awaiting flight qualification testing opportunity.
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