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  Overview of Interplanetary Small Spacecraft 

Planetary small spacecraft (e.g. CubeSats) that fly as secondaries and are deployed at 

destinations to perform missions and communicate via mothership or direct to Earth 

Å Planetary Science and Exploration Value: 

Å Enhance primaryôs science objectives 

Å Enable new science and exploration in new, potentially dangerous environments 

Å Novel Technology Demonstrations: 

Å Mature technology (TRL) of new instruments or measurements  

Å Accept higher risk by exploring dangerous/unknown environments 

Å Relatively low cost ($10-$25M, < 5-10% of primary mission costs) 

Å Low additive mass (5-20 kg with deployer, <10% of primary mission) 

 

Å Interplanetary CubeSats leverage: 

Å CubeSat community hardware/software heritage, experience 

Å Miniaturized instrumentation (imagers, sensors, etc.) at << 1 kg 

Å Autonomous operations and telecommunication technologies 
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  Active Interplanetary CubeSat Projects Provide Heritage 
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1JPL/NASA Planetary Science Division, 2JPL, 3NASA's Advanced Exploration Systems (AES) 

JPLôs Current Deep Space 

CubeSat Line 

INSPIRE- Navigation 

demonstration with Iris 

beyond Moon 

I&T Complete, Awaiting 

Launch 

MarCO - InSight 

Insertion real-time 

Mars relay 

Launch March 2016 

to Mars 

NEAScout- Asteroid 

Detection Mission &  

Lunar Flashlight - Lunar 

Orbiter to search for ice 

Launch ~2018 to NEA/Moon 

Å DSN Telecom 

Å Cold Gas ACS 

Å Star Tracker 

Å C&DH w/Watchdog 

Å VHM Magnetometer 

Å High Data Rate DSN Telecom 

Å Cold Gas TCMs 

Å Reaction Wheels + Star Tracker 

Å Upgraded Electrical Power 

Å C&DH Upgrades 

Å High Resolution Imaging 

Å Agile Science Image Processing 

Å Optical Navigation 

Å High Performance, Rad Tolerant 
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  Unique Challenges Faced by Interplanetary CubeSats 
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Areas New Challenges in Deep Space Solutions 

Power Å Solar collection low a >1 AU 

Å High power requirements 

(telecom, propulsion) 

 

Å Low-power modes 

Å Power cycling  

Å Higher energy 

      storage capacity 

Telecom Å Direct-to-Earth (DTE) 

challenging at large distances 

Å Mothership relay cooperation 

 

Å On-board data compression 

Å Dedicated deployer telecom  

Å Disruption tolerant networking (DTN) 

Orbit & 

Attitude 

Control 

Å Limited mass, volume, power 

Å Reaction wheel e-sats outside 

Earthôs geomagnetic field 

 

Å Off-the-shelf, ACS  

Å Cold gas thrusters  

   (propulsion and de-sats) 

Autonomy Å No direct link for long times Å Onboard autonomous operations 

Å Agile science algorithms 

Lifetime/ 

Environment 

Å Long duration cruises 

Å High radiation, severe thermal  

Å Rad-tolerant C&DH; shielding 

Å Short mission durations 

Programmatic Å Potential risk to primary Å Aligning with strategic goals of PI  

Å Standard deployer, ȹV tip-off 

Conventional spacecraft design approaches are not applicable to small sats 

Å Cannot increase size, more propellant, thicker structure walls, etc. 

Å Multi -functional component/ subsystems (Iris, cold gas thrusters, imagers) 

Clyde Space 

30 W Solar Panels 

Blue Canyon XB1 Bus 

Iris Transponder 
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  Hardware Technology Infusion 

Deep Space Deployable Payloads Architecture & Disruption Tolerant Network 

Provides common housing (heating, power, data), telecom relay at target 
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IntelliCam   

 

Modular intelligent 

camera that 

supports optical 

navigation 

(Justin Boland) 

New Miniaturized SrI2 Gamma Ray Spectrometer 

(PSI/Fisk U/ JPL) 

Standard Deployment (PDCS) 

Payload Data and Communications System provides common 

housing (data, power, thermal), telecom relay at target   
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Agile Science Software enables autonomously maximizing science return  
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On-board autonomous 

rapid feature detection, 

adaptive sampling rate, 

data analysis  

 

B 

A 

 

As demonstrated on TextureCam, 

NASA ASTID, EO-1 

Dynamic Gain Setting, Autonomous Dust 

Detection, Data Downlink Prioritization 

? 

1 2 3 

Disruption Tolerant Network (DTN) 

  Software Technology Infusion for Science Missions 

 

Agile Science Reference: D. R. Thompson, S. A. Chien,  J. C. Castillo-Rogez 

Maximizes chance of 

successful data return and 

minimizes scheduling 

burden for networks 

without continuous 

connectivity 
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  Technology Infusion for Small Bodies Missions 

Primitive Bodies and Terrain-Relative Navigation 
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Primitive Bodies Nav 

Terrain Relative Nav 

To enable autonomous navigation, trajectory planning, descent and 

landing, in unknown/ poorly understood gravitational environments. 
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  Planetary CubeSat Portfolio Overview 

Mission Architectures: short-lived single free-flyers, small body hoverer, pair of 

CubeSats flying in coordination, two landers/penetrators at small bodies, and two 

independent, long-lived CubeSat missions 

 

Technology Demonstrations: mothership-daughtership telecommunication 

architectures, autonomous navigation and operations, miniaturized 

instrumentation, and software for on-board processing of science data. 

 

Science Applications/Instruments:  

Å Measuring magnetic fields, high-resolution images at low altitudes 

Å Searching for volatiles and water ice (mini spectrometer)  

Å Acquiring acceleration profile optimized with agile science algorithms 

Å Performing controlled dust adhesion investigation (SKGs) 

 

Parameter range for secondary CubeSats 
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Parameter Ranges 

Dormant Cruise Duration 100-2200 days 

CubeSat Mission Duration Most 1-7 days, one 30 days, one 3 years 

Sun Range 0.75-3 AU at destination 
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  Designs Leveraged CubeSat Component ñLibraryò 
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Subsystem Design Solution 

Computing  Rad-hard LEON processor (dual core, 200 MIPS), which 

supports on-board autonomy and agile science algorithms 

Telecommunication UHF radio or Iris transponder (DTE); low, medium, or high gain 

antennas; reflect-array antennas  

Attitude Control XACT BCT attitude control unit (star trackers, reaction wheels, 

IMU) 

Orbit Control VACCO cold gas thrusters (0.25-0.5U; æVÒ80 m/sec) 

Power Systems Solar arrays, primary/secondary batteries (average consumption: 

1-5 W) 

Structure  3U-6U Al CubeSat structure  

Carrier/ Deployer PDCS and avionics (5-10 kg for 3U-6U) 

Designs leverage 

components and design 

from MarCO and other 

JPL CubeSats 

Components from JPL 

CubeSat Database 
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