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Future space missions can benefit from processing imagery onboard to detect science events,
create insights, and respond autonomously. One of the challenges to this mission concept
is that traditional space flight computing has limited capabilities because it is derived from
much older computing to ensure reliable performance in the extreme environments of space,
particularly radiation. Modern Commercial Off The Shelf (COTS) processors, such as the
Movidius Myriad X and the Qualcomm Snapdragon, provide significant improvements in small
Size Weight and Power (SWaP) packaging and offer direct hardware acceleration for deep neural
networks, although these processors are not radiation hardened. We deploy neural network
models on these processors hosted by Hewlett Packard Enterprise’s Spaceborne Computer-2
onboard the International Space Station (ISS). We find that the Myriad and Snapdragon
DSP/AIP provide speed improvement over the Snapdragon CPU in all cases except single
pixel networks (typically >10x for DSP/AIP). In addition, the discrepancy introduced through
quantization and porting of our JPL models was usually quite low (<5%). Models are run
multiple times, and memory checkers are deployed to test for radiation effects. To date, we have

found no difference in output between ground and ISS runs, and no memory checker errors.
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I. Introduction

Deep space missions have limited contact with ground operations teams, making it difficult to account for a
dynamic environment. This is due, in part, to the finite number of Earth-based ground communication stations and
geometric constraints. Surface missions are typically commanded daily or every few days, and orbiters are typically
commanded only weekly. Onboard autonomy can mitigate this by enabling spacecraft to autonomously respond to
a changing environment in between command cycles. However, traditional space flight hardware has very limited
computational capabilities. A new generation of embedded processors, such as the Intel Movidius X [1], and the
Qualcomm Snapdragon 855 [2]], enable fast onboard inference by supporting neural networks directly in hardware [3].
This technology potentially offers more powerful onboard autonomy with edge processing.

We benchmark deep learning inference on Movidius Myriad X and Snapdragon processors on the ground, as well
as onboard the ISS. Hosting of these processors onboard is enabled by Spaceborne Computer-2 (SBC-2) by Hewlett
Packard Enterprise (HPE) [4]. Previously, these models have been deployed on the ground on laptop, desktop, or cluster
computers only. Here, we port these models to the Myriad and Snapdragon edge processors, and run inference on the
ground and onboard the ISS. Although the radiation on the ISS is not as great as onboard a satellite, the radiation
is higher than on Earth. We run onboard inference with these models at various times to see if errors occur, and in
addition, run algorithms specifically designed to find memory errors, to quantify potential radiation effects. Models
benchmarked cover a range of the types of algorithms we may want to run onboard a spacecraft in the future.

The ISS deployment is a step towards running such models operationally on a satellite, lander or rover. This would

enable onboard data analysis, targeted downloads, commanding of space assets, and onboard science interpretation.

I1. Experimental Setup and ISS Deployment

Two Snapdragon 855 development boards (with radios disabled) and two Movidius Myriad X Processors were
integrated with the Hewlett Packard Enterprise (HPE) Spaceborne Computer-2, which was launched on February 20th,
2021, as part of the Cygnus NG-15 resupply mission to the ISS. The Snapdragons receive the required 12-V DC power
from a standard PCI slot via a 2 pin power cable and communications via a standard internal USB connection. The
Mpyriad X processors are connected through a USB connection. There is no third party hardware involved in the
integration, and the processors do not become space-grade when hosted in the HPE computer. Uplinks are possible
periodically to load new software.

An additional two Snapdragon 855 boards and two Myriad X Processors were included in HPE’s ground testbed.

We show our experimental setup in Figure[I] Jet Propulsion Laboratory (JPL) and Ubotica port the models to the
edge processors, develop and test locally on the ground. JPL tests on HPE’s Ground Testbed. JPL sends HPE a test
harness script, and they run the tests on their Flight Testbed on the ground. Once the models have been verified, HPE

uploads and deploys the models on SBC-2 onboard the ISS. Results are then sent back to JPL for interpretation. All
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Fig. 1 Experiment Setup. 1: JPL and Ubotica port the models and test locally on the ground. 2: JPL tests on
HPE’s Ground Testbed. 3: HPE tests on their Flight Testbed, which is located on the ground. 4: HPE uploads
the models and data to the ISS and tests. 5. HPE sends results back to JPL for interpretation. SBC-2 imagery
courtesy of HPE; ISS Image Credit: NASA.

Snapdragon and Myriad X processors used in this experiment, are the same versions and do not have any radiation
hardening. In addition, the same models and data are tested on all the processors, whether they are local, on a testbed, or
on the ISS.

The Snapdragon and Myriad X processors on the ISS receive more radiation than on Earth; the ISS is in a low Earth
orbit, with an apogee of 420 km, perigee of 380 km, and a 51.6 degree orbital inclination. The ISS does not go over the
Earth’s polar regions, where it would be subject to increased radiation due to reduced Van Allen Belt protection [35]] [6].
In addition, the processors are shielded by the ISS itself.

Trained deep learning models are ported to formats that can be run on the Myriad X and/or the Snapdragon.
Snapdragon deep learning models are ported using the Qualcomm Neural Processing Software Development Kit [7] to
DLC (Deep Learning Container) format. We also test some scikit-learn 8] models ported to the Snapdragon (CPU

only) using Python-for-Android by Kivy [9]. Myriad models are ported using OpenVINO [10] and the CogniSat-TK.

A. Processors

The Qualcomm Snapdragon 855 has multiple subsystems, which include a CPU, GPU, Compute Digital Signal
Processor (DSP), and an Al Processor (AIP). The CPU subsystem is made up of a heterogeneous cluster of § ARM
cores. One core operates at 2.8 GHz, three at 2.4 GHz, and four at 1.8 GHz. The Snapdragon also includes an Adreno

GPU, which operates at 585 MHz and is geared for floating-point processing. In general, GPUs have been used widely
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