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Deep Learning on and above Earth

https://www.deepmind.com/research/highlighted-research/alphago
https://openai.com/dall-e-2/
https://bearresearch.org/
https://earth.esa.int/eogateway/documents/20142/37627/1D2+CRS-PhiSat-VHRODA_v1.0.pdf/8e022a29-9f41-c7e5-73b7-68e1b706a361
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Deep Learning for Deep Space
Emerging need for more complex space operations
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Software for Earth, Moon and Mars
Mission Control innovates to make advanced software viable for use in space.

Confirmed Mission Contributions

2022 : Rover-lander radio shipped for a lunar mission

2022 : AI demo on ESA Ops-Sat

2023 : AI terrain classifier demo on lunar surface

2023 : Operations software to support a lunar rover mission

HQ in Ottawa, Canada

Competencies in space, robotics, 
software, science, and operations

Founded in 2015

Moonyard
Rover and robotic arm test facility 

Small T-Vac
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Mission Control Software

Connect to Spacecraft
Seamless transition from testing to flight

Robotic Systems and Payloads
Rapid prototyping and operations testing

Secure web-based interfaces
Robotics and payload operations

Mission Control Software 
cloud-based platform

Local deployments for 
scenarios without internet

Developer-friendly SDK
for easier integration
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Building Robust Deep Learning Pipelines

Hidden Technical Debt in Machine Learning Systems (neurips.cc)
ReproducibilityChecklist-v2.0 (mcgill.ca)

People + AI Research - Welcome (pair.withgoogle.com)
Machine Learning: The High Interest Credit 
Card of Technical Debt – Google Research

Challenges

Tools

https://proceedings.neurips.cc/paper/2015/file/86df7dcfd896fcaf2674f757a2463eba-Paper.pdf
https://www.cs.mcgill.ca/~jpineau/ReproducibilityChecklist.pdf
https://pair.withgoogle.com/guidebook/
https://research.google/pubs/pub43146/
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Mission Control Deep Learning Pipeline

Imagery

Raw Data Sources

Video

Text
Other 

Sensors

Datasets

Ground Truth 
Labels

Training & 
Testing data

Dataset 
Documentation

ProductionLabelling

Data QA

Training

Model

Model QA

P
re

-p
ro

ce
ss

in
g

New pre-processed data



©2022 Mission Control Space Services Inc.  RESTRICTION ON USE, PUBLICATION OR DISCLOSURE OF PROPRIETARY INFORMATION 8

Accessibility starts with Documentation

Google Cloud Model Cards

Model Cards for Model Reporting (arxiv.org)

https://modelcards.withgoogle.com/about
https://arxiv.org/pdf/1810.03993.pdf
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Addressing Pain Points in Deployment

Survey and Benchmarking of Machine Learning Accelerators

Towards the Use of Artificial Intelligence on the Edge in Space Systems: Challenges 
and Opportunities

User Defined 
Model

User Selected

Edge Device

High-level user 
model

Acceleration

Deployment

Multi-stage 
compiler and 

runtime

https://arxiv.org/pdf/1908.11348.pdf
doi:%2010.1109/MAES.2020.3008468
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Deep Learning in Flight

Emirates Lunar Mission 
Segmentation Network for 

Terrain Classification

OPS-SAT
SmartCam Image 

Classification for Satellite 
Earth Observation

Credit: ESA

User Defined 
Model

User Selected

Edge Device

High-level user 
model

Acceleration

Deployment

Multi-stage 
compiler and 

runtime
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Lunar Surface AI Demonstration

Emirates Lunar Mission 
Segmentation Network for 

Terrain Classification

Credit: ESA

Moonyard training images
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Acceleration on ESA OPS-SAT

ESA - The Discovery Campaign on OPS-SAT experiments

OPS-SAT
SmartCam Image 

Classification for Satellite 
Earth Observation

https://www.esa.int/Enabling_Support/Preparing_for_the_Future/Discovery_and_Preparation/The_Discovery_Campaign_on_OPS-SAT_experiments
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Distributed Deep Learning with ESA FRIENDS

Open Space Innovation Platform - OSIP - Campaign: Cognitive Cloud 
Computing in Space (esa.int)

https://ideas.esa.int/servlet/hype/IMT?userAction=Browse&templateName=&documentId=7f238b42cad1ff72084f38e6db72e28d
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Where do we go from here?

Navigation & 
Mapping

Credit: CSA

Communications & 
Operations

LIBS

Multi-
spectral
imagerThermal IR

imager

Planetary Science
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Where can we take inspiration from?

https://ml-ops.org/content/mlops-principles

Mission Critical AI 
Applications

Fundamental AI 
Research

Introducing Pathways: A next-generation AI architecture (blog.google)

AI Operations

Pay Attention to What You Need: Do Structural Priors Still 
Matter in the Age of Billion Parameter Models? (neurips.cc)

https://ml-ops.org/content/mlops-principles
https://blog.google/technology/ai/introducing-pathways-next-generation-ai-architecture/
https://neurips.cc/virtual/2021/tutorial/21891
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linktr.ee/missioncontrol

Andrew Macdonald
Product Owner & AI Specialist
macdonald@missioncontrolspaceservices.com

Enabling Autonomy for Deep Space Planetary Science

• Greater perception and autonomy can maximize 
science and mission return

• Sustainable deep learning for planetary science 
requires a holistic approach to user needs, data, 
software, flight hardware, and models

• Please reach out for a demonstration of our 
software in a lunar analogue environment

• Stay tuned for the first commercial demo of 
deep learning on the lunar surface in 2023


