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Introduction

AI-Aided-XR: AI Aided VR/AR Applications and VR Aided ML
ESA AO/1-11249/22/D/AH

Ob]ectlves of the study:

Identification of the use cases where the interaction of the two \\\\\\\“‘“ esa
technologies of Artificial Intelligence (AI) and Extended Reality XR) \K‘
shall be beneficial for the space domain /
« Demonstration of the benefits via implementation of software - ‘ \
prototypes, where: gw éE
» AI Serves XR g )

> XR Serves Al

The AI-Aided-XR Project Team is formed by: [gry 'J [gIM aJ

« GMV-UK acting as prime contractor

« GMV-Poland acting as sub-contractor

«  GMV-SES acting as sub-contractor (CTTTTT :

- University of Valencia, ARTEC group, acting as expert consultant to | () VIVERSITAT S :
. I

GMV-SES
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Al & XR Design Methodology

Cyclical relationship between Al-based
synthesis and XR serving AI

Highly customizable XR environment
through user input and parameters

Two parallel use cases: XR serving
AI, and AI serving XR

‘ XR serving Al

In the case where XR is serving AI, we
expect some data to be generated and
then consumed by the Al

In the case where Al is serving XR, we
expect some AI to be informing the XR
or providing some kind of service
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AlI-Aided-XR Framework Architecture

« Architecture is based on two main
components:

« XR Environment
« Al Platform > ESA Alnabler

XR Environment

« Communication managed by a nertace - REST A

R E ST A P I Captured Images l T Params T Processed Images

Interface - REST API

« The user primarily interacts with
the AI Platform, but access is B Anabier - Kubeflow
available to XR environment also

Images

] Kubeflow Ul
User parameters

« Captured images in the XR
environment are sent to the AI
Platform for processing
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AI Platform based on ESA Alnabler

Platform-as-a-Service (PaaS) infrastructure hosted by
ESOC, established by the ESA 'AI40ps’ activity

Based on Kubeflow, AInabler is an Open-Source MLOps
platform for Kubernetes-based container orchestration

Kubeflow Pipelines approach selected for ML workflow
modelling, providing:
« End-to-End orchestration

 Easy experimentation

 Easy reuse

Individual operations/algorithmic steps modelled as
tasks, connected in a graph.
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Use Case Analysis

Two branches of use cases studied

AI-XR

« Virtual Environment Generation
« Data Extraction & Augmentation

« Data Optimisation
« Natural Language Processing

XR-AI
+ Data Generation
« Data Performance
« Data Analysis

A similarity table helped the
team visualise the cyclicity of
use cases
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XR4AI-UC-1.1

Al Serving XR
Use Cases

uc
uc-2
Env‘;rlrg::em Data Extraction
Generation & Augmentation
uc-1.1 uc-21
Generation of Modified Perceived Inverse Rendering to Extract
Environments/Objects/Terrains from Object Shape and Basic Material
Video/lmage i Estimation from Images

uc-2.2

from

uc-1.2
Generation of Terrains based on
Fractals and i i

Networks (GAN)

*‘ 3D Material
Eerir o
Images

uc1.3 uc-2.3
Generation of Inverse Rendering fo
“*|Environments/Objects Terains based Re-illuminate
on Learned Procedural Objects nvironments/Objects/Terrain

Increasing|availability of data.  Increasing|

uc-3
Data
Optimisation

uc-31
Neural
Compression of
Signals / Data
uc-32
Neural
Compression of
Neural Networks)
UC-3.3
Generative Model

as Dataset / Data
Source

XR Serving Al
Use Cases

uc4
Natural
Language
Processing

uc-4.1
Astronaut
Training

uc4.2
Augmented Reality
for Maintenance
and Training

uc43

Speech Recognition for

Machine Translation and
Communication

uc4 uc-2
Data Data

Generation

Performance

quality of data.

Data Analysis

c
sl
("

Using data.

uc1.1

uca.7
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uc1.4

Landing Point
Localization

anv

-
uc-z1 uc-31
Comet Nucleus Earth Simulation Verification for | Astr ulI .
L izati Observation Rover Traverses stronaut Training
- / - / -
uc1.2 UC1.6 uc22 uc-3.2
Surface Asset ¥ Terrain GAN Performance — Surfa_ce
Localizatif Classification Testing Operations
= J = _a
- UC3.3
uc1.3 uc1.5 uc.23 La[  mission
Object Pose Hazard Verification and Planning
Estimati Detection Validation (V&V)
- /
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SW Prototype 1: AI Serving XR

Generation of Terrains based on Fractals

This prototype consists of two main IS ST SR
components: e L e
- AI Terrain Learning - where a terrain| || — 1 —— o
learner will generate the terrain y V\mmmmi Yy m:l
characteristics based on a dataset sent ¢ [1 R
from the Al platform (for example, a : — m";n | g J«
scene with dense clusters of rocks) s I ,\f"";"';"l";”fc" L
- 3D Scenario Procedural Generation b K"T%’
- where the learned parameters are /J%
passed through a fractal terrain WMWWW
generator and the scene is rendered ]
with configurable camera models —
Generated synthetic data (images,

Rest API

depth data, labels) are then returned to
the AI platform for ML training

PLANETARI TERRAIN CLASSIFICATION

RESTAPI
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SW Prototype 1: AI Serving XR

Generation of Terrains based on Fractals

Al4XR Project Demo

Rock denSity, Eesa 9™V RTIC ) ]
Size —— Terrain

istz ~—m= arams
distances are = Eonfigurator
all learned e = :
from the Al ===t _componen
learner step -~ Y allows users

— -

to fine-tune

L specific
terrain
features

Parameters set by the user in the
Al environment from Kubeflow
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SW Prototype 1: AI Serving XR

Generation of Terrains based on Fractals

Light 459 Light 200 Light 100

Example:

Controlling both e

diffusion and regolith
parameters \

Diffuse

Regolith

Diffuse + Regolith

In combination
— with light angles

Diffuse Diffuse + Regolith Results in the following renders
5 VNIVERSITAT
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SW Prototype 2: XR Serving Al

Planetary Terrain Classification

- Data availability of rover-perspective lunar
imagery is scarce -> even less with labels/
Ground Truth!!

 Training dataset is provided by GML POL as
an extension to their ESA LHDAC activity

« This dataset is procedurally generated in
Blender

 Provides operators with automatically-
labelled segmentation masks and the ability
to create new classes (slopes, caves)

Crater
Slope (10 degrees) Sky

Note: classes are subject to change as model is
developed further
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SW Prototype 2: XR Serving Al

Planetary Terrain Classification

XR Environment

Interface - REST API

Earams T Captured Images T

Annatations

Frocessed Images

Interface - REST API

Captured Images
Annotations

Params

Kubeflow Ul Params
User Initialisation
parameters

Params
Processed Images

Predictions

Frocessed Images Terain Classification
Nodel Inference

Images Images

Preprocessing

minlQ Object Storage

Local Storage Processed Images

Web

Processed
Images

Training

Alnabler

~—

Synthetic images are continually fed to the training component,
incremental learning allows the model to test itself against older versi
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[1]: S. Kay, et al., "Al Enabled Computer Vision
Framework for Automated Knowledge Extraction in
Planetary Rover Operations", In Proceedings of the 17th
Symposium on Advanced Space Technologies in
Robotics and Automation (ASTRA), 18-20 October 2023

Inherits the DeepLabV3+ model from the ESA
VIBEKO activity[1], in which a 90%+ accuracy
rate was achieved on a Martian landscape

Lunar landscape is very different and will require
different hyperparameters and preprocessing
steps

Investigating Incremental Learning approaches
to complete the harmonious cycle between XR
and Al
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Conclusions & Future Work

AI-Aided-XR is an activity funded by ESA to investigate the symbiotic and harmonious
relationship between XR and AI technologies

Investigated use cases were varied in scope, ranging from Exploration to Space Debris
and Astronaut training scenarios 2> Exploration was selected given the consortium past
experience

AI-Aided-XR is the natural extension to the recently completed ESA VIBEKO activity,
which identified the lack of good ML training data for Rover Exploration scenarios
(synthetic or real)

This project is still in development with ~6 months to go, and the final solutions may
evolve. The team aim to develop these SW prototypes and architecture up to TRL 4

This project is a demonstrator of GMV’s expertise in AI and XR applications in the space
domain, and we are looking at new and exciting ways to further build on the ESA AI-
Aided-XR and previous ViBEKO activities
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Thank you

Steven Kay (GMV-UK)

skay@gmv.com
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