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AI IN SPACE CYBER-PHYSICAL SYSTEMS (SATELLITES)

Autonomous operations [1]

• Orbital collision hazard avoidance

• Asset reconfiguration

• Dynamic mission planning and 

reconfiguration [2]

Fault detection, Isolation, and 

Recovery (FDIR) [5]

Object detection and scene understanding

• Phi-Sat-1: AI-based image selection for 

cloud filtering [3]

• MANTIS AI: Cubesat for AI cloud 

detection and filtering [4]

Real-tim
e edge data processing ->

Computing power

Fault T
olerance and Reliability

Research (industria
l/academic) ->

Open platforms

https://www.sciencedirect.com/science/article/pii/S0376042123000763
https://www.sciencedirect.com/science/article/pii/S0094576524004892
https://link.springer.com/chapter/10.1007/978-3-031-25755-1_10
https://en.wikipedia.org/wiki/Phi-Sat-1
https://en.wikipedia.org/wiki/Mantis_ai_satellite
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RISC-V FOR APPLICATIONS IN SPACE

Lack of open platforms to speed up academic and industrial research for space

https://github.com/pulp-platform

https://www.google.com/url?sa=i&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FFile%3ANASA_logo.svg&psig=AOvVaw3EDn8u2JwSBfgUYxdsXqdn&ust=1686043628989000&source=images&cd=vfe&ved=0CBEQjRxqFwoTCOjF6o_oq_8CFQAAAAAdAAAAABAE
https://github.com/pulp-platform
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Wide research team spread across 

University of Bologna and ETH Zurich
https://pulp-platform.org/team.html

THE PULP TEAM

https://pulp-platform.org/team.html
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ASTRAL SOC – UNLEASH AI ACCELERATION IN SPACE

First-of-a-kind mixed-criticality

heterogeneous platform

• Fault tolerance – architectural

extensions for redundancy, error

correction, and real-time recovery

• Fully open-source – all IPs are 

open-source and released under 

Apache-like license

• Highly parametric – straight-

forward integration of additional IPs

• Ease of programmability – boots 

full-fledge Linux OS

• Performance&Security – powerful

multicore accelerator + Root of 

Trust

• Development - Plug&Play flow for 

AMD Xilinx Ultrascale+ VCU118
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• Linux-capable multicore (1 - 4) cache-
coherent cluster of 64-bit CVA6 cores 
based on the ACE protocol

• Runtime-programmable redundant 
grouping of the CVA6 cores to balance 
reliability and performance

• Less then 100 clock cycles fault 
recovery with hardware extension

• SEC-DED extension of the CVA6 TLBs and 
Branch Predictor

• ECC extension of the L1 data cache of 
the cores for SECDED

• ECC extension of the L2 cache for single 
error automatic correction, and cache 
re-fetch/IRQ notification in case of 
multiple errors on clean/dirty lines

ASTRAL SOC – HOST DOMAIN ARCHITECTURE
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• 32-bit Octa-core cluster with DSP extensions for 
transprecision computing

• Shared multi-bank interleaved scratchpad memory
+ DMAC and peripherals

ASTRAL SOC – ACCELERATOR DOMAIN ARCHITECTURE
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• Hybrid Modular Redundant cluster for runtime
reconfiguration (TMR/DMR/Independent)

• Less then 30 clock cycles fault recovery with 
hardware extension

• Extension of the cores’ FPUs with temporal
repetition with detection + correction of internal
faults

• L0 + L1 instruction cache protected with parity for 
lines replacements in case of errors

• Memory subsystem protected with SECDED from 
the cores and accelerators branches down to the 
memory banks (storing ECCs) + memory scrubbers

ASTRAL SOC – ACCELERATOR DOMAIN ARCHITECTURE
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Coupling performance with reliability

Wide accelerator subsystem for on-chip inference
and training acceleration

• FP16 TensorCore accelerator extended for fault-
tolerance for on-chip matrix-multiplication boost

• Transprecision Integer Neural Engine for onchip
CNN inference acceleration

• FP16 SoftMax accelerator for transformers 
acceleration

ASTRAL SOC – ACCELERATOR DOMAIN ARCHITECTURE
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• OpenTitan: open-source Root of Trust from 
lowRISC

• Provides secure-boot services verifying the security 
of the Host domain CVA6 code

• Internal DMAC

• Speed up data transfer during secure boot stage

• Efficiently serving internal encryption/decryption
accelerators

• Refer to OpenTitan docs for more details
(https://opentitan.org)  

https://github.com/pulp-platform/opentitan

             

 
   

 
  
 
   

  
  
 
 
 
 
 
 

    

    

   

    

    

              

           

        

         

          

        

         

    

     

       

   

    

    

   

      

         

      

    

 
   

 
  
 
 
 
 
 

       

           

      

            

              

    

    

ASTRAL SOC - SECURE DOMAIN (OPENTITAN INTEGRATION)

https://opentitan.org/
https://github.com/pulp-platform/opentitan
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TAS-I proved Astral allows simple integration of 
proprietary IPs

• Telemetry (TM - CCSDS 131.0-B-5 ) and 
Telecommand (TC - CCSDS 231.0-B-4) 
peripheral interface

• SpaceWire (ECSS-E-ST-50-12C Rev.1) IP

• IPs libraries easily integrated in the SoC
software stack

• Functionally validated through RTL simulation
and FPGA prototyping

                        

               

               

         

        
        

    

                 

     

         

      

           

      

                

                      

    

      

ASTRAL SOC – TAS-I PERIPHERALS INTEGRATION
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ASTRAL SOC – FPGA IMPLEMENTATION RESULTS
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ASTRAL SOC – PERFORMANCE RESULTS
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ASTRAL - BORN ON THE EARTH, BUILT FOR THE STARS

• Astral is THE fully open-source platform for 

AI in space

• Natively fault tolerant -> modular 

redundancy + ECC and real-time fault 

recovery (< 100 clock cycles)

• Parametric -> straight-forward integration

of open-source or proprietary IPs

• AI acceleration -> 14.5x and 9x boost on 

FP/INT AI workloads respect to SW

• Flexibility -> Linux OS support with FPGA 

deployment flow
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Riccardo Tedeschi (riccardo.tedeschi6@unibo.it)

Luigi Ghionda (luigi.ghionda2@unibo.it)

Andrea Belano (andrea.belano2@unibo.it)

Andrea Fenzi (andrea.fenzi@thalesaleniaspace.com)

Dario Pascucci (Dario.Pascucci@thalesaleniaspace.com)

Gianluca Aranci (Gianluca.Aranci@thalesaleniaspace.com)

Angelo Garofalo (angelo.garofalo@unibo.it)

Luca Benini (lbenini@iis.ee.ethz.ch)

Davide Rossi (davide.rossi@unibo.it)
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