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What is SpaceCube?
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SpaceCube Performance
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8-Bit Integer Operations

*UltraScale results are an estimate based off of existing 

data, new metrics are in progress but not currently available NASA SpaceCube Technology Overview



SpaceCube for Many Missions!
Family of Options

SpaceCube v3.0 SpaceCube v3.0 Mini 

SpaceCube Mini-Z45SpaceCube Mini-Z

SpaceCube v2.0 
SpaceCube Family
Number of products with varying 
capabilities to support diverse set
of mission-specific needs

3U-SpaceVPX 
design with huge FPGA 
and SoC w/ lots of IO

Miniaturized SmallSat
design featuring huge
FPGA and high-speed IO

Miniaturized SmallSat
design with FPGA+CPU
SoC for low power

Miniaturized SmallSat
design with FPGA+CPU
SoC with high-speed IO

3U-cPCI design with 
extensive heritage 
for high-rel apps

2020 NASA Government Invention of the Year Runner-Up
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Current Catalog SpaceCube Family

7NASA SpaceCube Technology Overview



Key Applications
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How Does SpaceCube Help?
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SpaceCube Intelligent Multipurpose 
System Concept Overview
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Configurable Slices
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AI Case Study Overview

12

S. Sabogal, A. D. George, and G. Crum, “ReCoN: Reconfigurable CNN Acceleration 
for Space Applications A Framework for Hybrid Semantic Segmentation on Hybrid 

SoCs,” 12th Space Computing Conference, July 30 – August 1, 2019.
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Cross-Cutting Concept
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SpaceCube systems are 

enabling for varying 

types of missions!
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Conclusion
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Thank you!  Questions?
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Special thanks to our sponsors: 
NASA/GSFC Internal Research and Development (IRAD), NASA GSFC Crosscutting Technology and Capabilities 
Office, NASA Earth Science Technology Office (ESTO), DoD Space Test Program (STP)
Javier Valle from Texas Instruments and Dylan Lang from Samtec

Contact Us

Alessandro Geist
Principal Engineer

alessandro.d.geist@nasa.gov

Gary Crum
Technical Director

gary.a.crum@nasa.gov

Christopher Wilson
New Opportunities Lead

christopher.m.wilson@nasa.gov
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Benjamin Reed 
Deputy Director, Satellite Servicing Projects Division 

NASA’s Goddard Space Flight Center 
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To arrange further discussion of on-orbit servicing technologies contact 

Tammy Brown (301-286-5753 or Tammy.L.Brown@nasa.gov)

Space is vast. For the most part, when a satellite is launched, it's on its 

own, regardless of whether it ever needs assistance or not. It launches, 

operates, and is decommissioned alone, its lifespan limited by 

consumables, imperfect human design, the exceedingly harsh space 

environment, and technical obsolescence. But what if we could fix, 

upgrade, and augment existing satellites to enable more science for 

longer? Technically and economically feasible refueling, repair, and 

upgrade of satellites has remained elusive—until now. OSAM technology 

will enable more science by assisting existing telescopes, but also lay the 

groundwork for future endeavors once thought to be impossible.  

Background Graphic: OSAM technologies 

continue the legacy of the Hubble Space 

Telescope (HST) Servicing Missions, and will be 

implemented to assist astronauts span and 

expand orbiting stations like the International 

Space Station (ISS).  OSAM technologies will also 

support lunar surface and orbiting operations.  
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Appendix
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SpaceCube Performance (Expanded)
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GOPS=Giga-operations per second 

*UltraScale results are an estimate based off of existing 

data, new metrics are in progress but not currently available NASA SpaceCube Technology Overview
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Enabling NASA Lines of Business
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SpaceCube v2.0 Processor Card
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• 2x Xilinx Virtex-5 (QR) FX130T FPGAs (FX200T Compatible)
• 1x Aeroflex CCGA FPGA

• Xilinx Configuration, Watchdog, Timers
• Auxiliary Command/Telemetry port

• 4x 512 MB DDR SDRAM
• 2x 4GB NAND Flash
• 1x 128Mb PROM, contains initial Xilinx configuration files 
• 1x 16MB SRAM, rad-hard with auto EDAC/scrub feature
• 16-channel Analog/Digital circuit for system health
• Mechanical support for heat pipes and stiffener for Xilinx devices

Overview

High-Level Specifications

• External Interfaces
• Gigabit interfaces: 4x external, 

2x on backplane
• 12x Full-Duplex dedicated 

differential channels
• 88 GPIO/LVDS channels 

directly to Xilinx FPGAs
• Debug Interfaces

• Optional 10/100 Ethernet interface

• TRL9 flight-proven processing system 
with unique Virtex back-to-back
installed design methodology

• 3U cPCI (190 mm × 100 mm) size
• Typical power draw: 8-10W
• 22-layer, via-in-pad, board design
• IPC 6012B Class 3/A compliant

Back-to-Back FPGA Design
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SpaceCube v3.0 Processor Card
SpaceCube v3.0 Architecture

Processing Elements

I/O Memory

Non-Volatile 

Memory

High-Speed 

Volatile 

Memory

High-

Performance 

FPGA-1
FPGA DSP Logic, 

Embedded Soft-

core CPUs

Expansion 

Plug-in 

Module

Multi-

Gigabit 

Science 

Data

Ethernet

RS-422/

LVDS

System Monitor

Radiation 

Hardened 

FPGA

High-Speed 

Volatile 

Memory

High-

Performance 

FPGA-2
FPGA DSP Logic, 

Embedded Soft-core 

CPUs

Multi-Many Core 

CPU / High 

Performance 

Space Computer 

(HPSC)

High-speed A/D 

or other module

High-

Performance 

Multi-Core 

CPU

Non-Volatile 

Memory
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MPSoC

1x Xilinx Kintex UltraScale
• 2x 2GB DDR3 SDRAM (x72 wide)
• 1x 16GB NAND Flash
• External Interfaces

• 24x Multi-Gigabit Transceivers 
• 75x LVDS pairs or 

150x 1.8V single-ended I/O
• 38x 3.3V single-ended I/O, 
• 4x RS-422/LVDS/SPW 

• Debug Interfaces
• 2x RS-422 UART / JTAG

• Next-Generation SpaceCube Design
• 3U SpaceVPX Form-Factor 
• Ultimate goal of using High-Performance 

Spaceflight Computing (HPSC) paired 
with the high-performance FPGA

• HPSC will not be ready in time for 
the prototype design

• Special FMC+ Expansion Slot

1x Xilinx Zynq MPSoC
• Quad-core Arm Cortex-A53 processor (1.3GHz)
• Dual Arm R5 processor (533MHz)
• 1x 2GB DDR3 SDRAM (x72 wide)
• 1x 16GB NAND Flash
• External Interfaces

• I2C/CAN/GigE/SPIO/GPIO/SPW
• 12x Multi-Gigabit Transceivers

• Debug Interfaces
• 10/100/1000 Ethernet (non-flight)
• 2x RS-422 UART / JTAG

Rad-Hard Monitor FPGA
• Internal SpaceWire router 

between Xilinx FPGAs
• 1x 16GB NAND Flash
• Scrubbing/configuration 

of Kintex FPGA
• Power sequencing
• External Interfaces

• SpaceWire
• 2x 8-channel housekeeping 

A/D with current monitoring

Overview

High-Level Specifications

SpaceCube v3.0 
Dual-Card Box

SpaceCube v3.0 
Processor Card
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SpaceCube v3.0 Mini Specification

• Apply SpaceCube design approach to provide 
next-generation processor in CubeSat form-factor

• Maintain compatibility with SpaceCube v3.0
• High-performance processor of Goddard’s 

modular CubeSat spacecraft bus MARES
• Evaluation board available with common 

interfaces for rapid prototyping and debug
• Conforms to CubeSat Card Standard (CS2)
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Overview

High-Level Specifications
Xilinx Kintex UltraScale
• 1x 2GB DDR3 SDRAM (x72 wide) 
• 2x 16GB NAND Flash
• Radiation-Hardened Monitor
• External Interfaces

• 12x Multi-Gigabit Transceivers 
• 48x LVDS pairs or 96x 1.8V single-ended I/O
• 48x 3.3V GPIO
• SelectMAP Interface
• (Front Panel) 24x LVDS pairs or 48x 1.8V single-ended I/O
• (Front Panel) 8x 3.3V GPIO

• Debug Interfaces
• 2x RS-422 UART (external transceivers) 
• JTAG
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Includes several common interfaces for 
programming and debug

SpaceCube Mini Development Kit
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Mezzanine  Evaluation Card

Active Evaluation Card

SpaceCube v3.0 Mini

Active Evaluation Card

• Gigabit Ethernet 
(RJ45/SGMII)

• USB Debug / JTAG
• JTAG headers 

(Xilinx and Microsemi)
• SelectMAP Header
• 2x SpaceWire ports

Mezzanine Evaluation Card

• 3x SpaceWire Ports
• 4x RS-422 Ports
• 2x Gigabit Ethernet 

(RJ45-SGMII)
• 2x Camera Link

(Base/Medium)
• 1x USB 2.0

• 1x SATA
• 1x CAN Bus
• 8x MGT lanes

(1x SMA, 7x verSI)
• 9x LVDS
• 3x 3.3V GPIO

• 4x RS422 ports
• FMC+ Connector

• 11 MGT lanes
• 46x LVDS or 

92x 1.8V GPIO
• 22x 3.3V GPIO

Provides easy development platform to 
support SpaceCube v3.0 Mini rapid 

prototyping and design

Incorporates FMC+ Connector 
to support future Mezzanine 

and commercial vendor designs
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SpaceCube Mini-Z Specification
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Processing Capability
• Processing System (PS)

• Xilinx Zynq-7020 SoC with Dual-Core
ARM Cortex-A9 up to 667 MHz

• 32KB I/D L1 Cache per core
• 512KB L2 Cache
• 256KB OCM
• NEON SIMD Single/Double Floating Point 

Unit per core 

Storage
• 1GB DDR3 SDRAM
• 4GB NAND Flash

IO
• MIO

• 26 single-ended configurable IO into common
interfaces such as UART, SPI, CAN, and I2C

• EMIO
• 24 differential pairs and 12 single-ended IO

• Front Panel
• 12 differential pairs

Dev. Tools
• CSP Evaluation Board

• JTAG programming support
• 10/100 Ethernet 
• MIO and EMIO breakout
• 3 SpaceWire breakouts
• Camera Link breakout 

• USB-UART Board
• USB to UART Converter

Physical Dimensions
• ~82g, 620 mil thick
• <1U CubeSat form factor
• 1.6-3.6W (FPGA load dependent)

• Programmable Logic (PL)
• 85K Logic Cells
• 53,200 LUTS /106,400 FF
• 220 DSPs 
• 4.9Mb BRAM 

Overview

High-Level Specifications

• Re-envisioned and upgraded version of popular 
CSPv1 design collaboratively developed between 
NASA GSFC and NSF CHREC

• Supports additional IO and form-factor changes to 
maintain compliance with MARES (GSFC’s SmallSat 
bus) architecture 
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SpaceCube Mini-Z45 Specification
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• Apply SpaceCube design approach to provide 
next-generation processor in CubeSat form-factor

• Maintain compatibility with SpaceCube v3.0 Mini 
and Mini-Z designs

• Upgrade capabilities of Mini-Z (CSPv1) to provide 
MGTs, more FPGA resources and more memory
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Overview

High-Level Specifications

1x Xilinx Zynq 7000 System-on-Chip
• 1GB DDR3 SDRAM for ARM Processors
• 2GB DDR3 SDRAM for Programmable Logic
• 16GB NAND Flash
• Radiation-Hardened Watchdog
• External Interfaces

• 8x Multi-Gigabit Transceivers 
• 31x LVDS pairs or 62x single-ended I/O (voltage selectable)
• 28x Single-ended PS MIO

• Debug Interfaces
• 1x RS-422 UART (external transceivers) 
• JTAG

8
8

.00

91.54
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SpaceCube Publications

• C. Brewer, N. Franconi, R. Ripley, A. Geist, T. Wise, S. Sabogal, G. Crum, S. Heyward, and C. Wilson, ““NASA SpaceCube

Intelligent Multi-Purpose System for Enabling Remote Sensing, Communication, and Navigation in Mission Architectures,” 

34th Annu. AIAA/USU Conf. on Small Satellites, SSC20-VI-07, Logan, UT, Aug. 1-6, 2020.

• A. Geist, C. Brewer, M. Davis, N. Franconi, S. Heyward, T. Wise G. Crum, D. Petrick, R. Ripley, C. Wilson, and T. Flatley, 

“SpaceCube v3.0 NASA Next-Generation High-Performance Processor for Science Applications,” 33rd Annual AIAA/USU 

Conf. on Small Satellites, SSC19-XII-02, Logan, UT, August 3-8, 2019. 

• A. Schmidt, M. French, and T. Flatley, “Radiation hardening by software techniques on FPGAs: Flight experiment evaluation 

and results,”  IEEE Aerospace Conference, Big Sky, MT, March 4-11, 2017. 

• A. Schmidt, G. Weisz, M. French, T. Flatley, C. Villalpando, “SpaceCubeX: A framework for evaluating hybrid multi-core 

CPU/FPGA/DSP architectures,” IEEE Aerospace Conference, Big Sky, MT, March 4-11, 2017. 

• D. Petrick, N. Gill, M. Hassouneh R. Stone, L. Winternitz, L. Thomas, M. Davis, P. Sparacino, and T. Flatley, “Adapting the 

SpaceCube v2.0 data processing system for mission-unique application requirements,” IEEE Aerospace Conference, Big Sky, 

MT, June 15-18, 2015. 

• T. Flatley, “Keynote 2 — SpaceCube — A family of reconfigurable hybrid on-board science data processors,” International 

Conference on ReConFigurable Computing and FPGAs (ReConFig14), Cancun, Mexico, Dec 8-10, 2014. 

• D. Petrick, A. Geist, D. Albaijes, M. Davis, P. Sparacino, G. Crum, R. Ripley, J. Boblitt, and T. Flatley, “SpaceCube v2.0 space 

flight hybrid reconfigurable data processing system,” IEEE Aerospace Conference, Big Sky, MT, March 1-8, 2014. 

• D. Petrick, D. Espinosa, R. Ripley, G. Crum, A. Geist, and T. Flatley, “Adapting the reconfigurable spacecube processing 

system for multiple mission applications,” IEEE Aerospace Conference, Big Sky, MT, March 1-8, 2014. 

• T. Flatley, “Keynote address I: SpaceCube: A family of reconfigurable hybrid on-board science data processors,” NASA/ESA 

Conference on Adaptive Hardware and Systems (AHS), June 25-28, 2012. 

• M. Lin, T. Flatley, A. Geist, and D. Petrick, “NASA GSFC Development of the SpaceCube Mini,” 25th Annual AIAA/USU Conf. 

on Small Satellites, SSC11-X-11, Logan, UT, August 8-11, 2011.  

• J. Esper, T. Flatley, and J. Bull, “Small Rocket/Spacecraft Technology (SMART) Platform,” ,” 25th Annual AIAA/USU Conf. on 

Small Satellites, SSC11-VII-6, Logan, UT, August 8-11, 2011. 
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SmallSat / CubeSat Publications

• N. Franconi, S. Sabogal, A. D. George, M. Hassouneh, J. Mitchell, and C. Wilson, “A Novel RF Architecture for Simultaneous 

Communication, Navigation, and Remote Sensing with Software-Defined Radio,” 34th Annu. AIAA/USU Conf. on Small 

Satellites, SSC20-WKVIII-02, Logan, UT, Aug. 1-6, 2020.

• S. G. Kanekal L. Blum  E. R. Christian  G. Crum  M. Desai  J. Dumonthier A. Evans  A. D. Greeley  S. Guerro S. Livi K. 

LLera J. Lucas  J. MacKinnon  J. Mukherjee  K. Ogasawara  N. Paschalidis D. Patel  E. Pollack  S. Riall Q. Schiller  G. 

Suarez  E. J. Summerlin, M. Desai, S. Livi, K. Llera, J. Mukherjee, and K. Ogasawara, “CeREs: The Compact Radiation belt 
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• S. Sabogal, P. Gauvin, B. Shea, D. Sabogal, A. Gillette, C. Wilson, A. D. George, G. Crum, and T. Flatley, “Spacecraft 

Supercomputing Experiment for STP-H6,” 31st Annual AIAA/USU Conf. on Small Satellites, SSC17-XIII-02, Logan, UT, Aug 5-

10, 2017. 

• C. Wilson, J. MacKinnon, P. Gauvin, S. Sabogal, A. D. George, G. Crum, T. Flatley, “µCSP: A Diminutive, Hybrid, Space 

Processor for Smart Modules and CubeSats,” 30th Annual AIAA/USU Conf. on Small Satellites, SSC16-X-4, Logan, UT, 

August 6-11, 2016. 

• C. Wilson, J. Stewart, P. Gauvin, J. MacKinnon, J. Coole, J. Urriste, A. D. George, G. Crum, A. Wilson, and M. Wirthlin, “CSP 

Hybrid Space Computing for STP-H5/ISEM on ISS,” 29th Annual AIAA/USU Conf. on Small Satellites, SSC15-III-10, Logan, 

UT, August 8-13, 2015. 

• B. LaMeres, S. Harkness, M. Handley, P. Moholt, C. Julien, T. Kaiser, D. Klumpar, K. Mashburn, L. Springer, G. Crum, 

“RadSat – Radiation Tolerant SmallSat Computer System, “29th Annual AIAA/USU Conf. on Small Satellites, SSC15-X-8, 

Logan, UT, August 8-13, 2015. 

• S. Altunc, O. Kegege, S. Bundick, H. Shaw, S. Schaire, G. Bussey, G. Crum, J. Burke, S. Palo, D. O’Conor, “X-band CubeSat 

Communication System Demonstration,” 29th Annual AIAA/USU Conf. on Small Satellites, SSC15-IV-8, Logan, UT, August 8-

13, 2015 

• D. Rudolph, C. Wilson, J. Stewart, P. Gauvin, G. Crum, A. D. George, M. Wirthlin, H. Lam, “CSP: A Multifaceted Hybrid 

System for Space Computing,” Proc. of 28th Annual AIAA/USU Conference on Small Satellites, SSC14-III-3, Logan, UT, 

August 2-7, 2014.

• S. Palo, D. O’Connor, E. DeVito, R. Kohnert, G. Crum, S. Altune, “Expanding CubeSat Capabilities with a Low Cost 

Transceiver,” Proc. of 28th Annual AIAA/USU Conference on Small Satellites, SSC14-IX-1, Logan, UT, August 2-7, 2014.
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Additional Publications

Artificial Intelligence and Machine Learning

• J. Goodwill, D. Wilson, S. Sabogal, C. Wilson and A. D. George, “Adaptively Lossy Image Compression for Onboard 

Processing,” IEEE Aerospace, Big Sky, MT, Mar 7 - Mar 14, 2020.

• S. Sabogal, A. D. George, and G. Crum, “ReCoN: Reconfigurable CNN Acceleration for Space Applications A Framework for 

Hybrid Semantic Segmentation on Hybrid SoCs,” 12th Space Computing Conference, July 30 – August 1, 2019.
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Suarez  E. J. Summerlin, “The MERiT Onboard the CeREs: A Novel Instrument to Study Energetic Particles in the Earth's 

Radiation Belts,” JGR Space Physics, vol. 124, no. 7, pp 5734-5760, July 2019.

• R.F. Rincon, M.A. Vega, M. Buenfil, A. Geist, L. Hilliard, P. Racette, “NASA’s L-Band Digital Beamforming Synthetic Aperture 

Radar,” IEEE Transactions on Geoscience and Remote Sensing, vol. 49, no. 10, pp 3622 – 3628, Oct. 2011.

• R.F. Rincon, M.A. Vega, M. Buenfil,; A. Geist, L. Hilliard, P. Racette, “DBSAR’s Multimode Flight Campaign”, 8th European 

Conference on Synthetic Aperture Radar (EUSAR), Aachen, Germany, June 7-10, 2010
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