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Assembly VR

PointClouds VR




® Integration w

® Secure Collaboration

* VR/Desktop /AR (Hololens 2)

/3 Developed in Unity /C#



https://github.com/nasa/Mixed-Reality-Exploration-Toolkit

DRIVE MODELS FROM REAL-  PROJECT BASED TOOLFOR  COMMON TOOLSET, E.G.,
TIME TELEMETRY. INTEGRATES ~ RAPIDLY BUILDING XR MOVE, MEASURE, DRAW,
WITH GMSEC, ROS, NASA ENVIRONMENTS FOR NASA  VOICE, NOTES, ANIMATION...
IOT, MATLAB, SPICE, AND 42  DOMAIN PROBLEMS




Other Toolkits
MATLAB
SPICE
Virtual
Data

= Explorer

RAPID MODEL (VDE)

IMPORT TOOL

Integration with the Robo egration with NASA Internet Integration with NASA Open

Operating System to get of Things (loT) Platform to get Source tool to convert on-

robotic telemetry industry standard telemetry demand CAD models to GLTF

spclcecraft/instrument and control /interact with (XR Ready file format)

elemetry and secure XR
systems
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MRET is GMSEC-Compliant

Other GMSEC Components can drive XR,
e.g., provide situational awareness by
subscribing to real-time telemetry messages
to drive 3D models of spacecraft

MRET can use GMSEC for collaboration,
allowing collaborative sessions on secure
networks, even over VPN
Situarional Awdreness, AuTomarion)

Automation Situational
Tools Tools
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Messages

GMSEC Message Bus Middleware
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Phase C/D

Design & Science
Mission Ops &

Data Analysis

Phase A Phase B
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Analysis Development
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Conceptual Studies
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Image credit: Jonathan Holden, NASA citizen scientist
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Pre-MRET Application - most
functionality replicated in
MRET



https://github.com/nasa/PointCloudsVR
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https://skyandtelescope.org/astronomy-news/citizen-scientists-detect-dusty-disks/
https://www.scientificamerican.com/article/planetary-debris-disks-discovered-with-citizen-scientists-and-virtual-reality/
https://iopscience.iop.org/article/10.3847/1538-4357/ac649f
https://www.nasa.gov/feature/citizen-scientists-and-vr-software-help-find-new-insights-in-nasa-data
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Planning
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Walk-throughs
Pre-Viz







NUMERICAL CLIMATE MODELS

Traditionally, earth scientists view and analyze the result of
calculated or measured observables with static 1-D, 2-D or 3-
D plots.

Difficult to identify, track and understand the evolution
of key features due to poor viewing angles and the
nature of flat computer screens.

Numerical models, such as the NASA Goddard Earth
Observing System (GEOS) climate model, are almost

~__exclusively formulated and analyzed on Eulerian grids

“jth points fixed in space and time.

\\\ However, atmospheric phenomena such as
\‘\convective clouds, hurricanes and wildfire smoke
plumes move with the 3-D flow field, and it is
often difficult and unnatural to understand these
phenomena in an Eulerian reference frame as
opposed to the Lagrangian reference frame in
which nature operates.
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0 ge for use in

GEOS model runs .
0\
* Working closely with two universities to infuse ..
_. improved human factors paradigms into the
ESTO AIST 2021 2 Year Project visualizations and interactions in XR

ending this calendar year
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WHAT IS GEOS

Chem )
GWD
Moist

Ocean Bio Radiation
Surf (9

OGCM 7
Oradbio Turb <1)

GEOSgcm oot

Data Dyn

®* GEOS is a highly modular Earth modeling system based upon the Earth System Modeling
Framework (ESTO funded)
® Data assimilation

®* Weather forecasting
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® Chemistry transport, etc.

® Additional modules that model physical processes can be readily incorporated with a thin
component wrapper that conforms to GEOS conventions.
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Diabatically (approximately along isentropic surfaces, while
using diabatic heating fields to move the particles vertically)

®* GigaTraj has been wrapped as an Earth System Modeling
Framework (ESMF) component in GEOS
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Integratic

failed (UMBC) -

Unity Shader Language

compared to GLSL

Two previous attempts to translate GLSL to
HLSL have failed (UMD and UCLA)

Third attempt on-going



https://github.com/SFraissTU/BA_PointCloud/commit/674a172c1f7ff88ba0ca19a330fbb4470e9fcdff
https://github.com/SFraissTU/BA_PointCloud/commit/674a172c1f7ff88ba0ca19a330fbb4470e9fcdff
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patial Consortium (OGC)

es™ (i.e., WMS, WFS, WCS, etc.),

pen Data Dissemination (NODD) Program,
and Grid Analysis and Display System (GrADS) Data
Server (OPeNDAP protocol)

* Support is limited to the data needed right now, but will expand
in the future



d interacting with
to become a true tool for

scientists

® More than likely, the XK eed

®* XRis an adjunct tool to help the scientists understand the dc first and then use traditional tools later for deeper understanding
and publication
o ® Leveraging the NASA open source MRET software and pursuing a multi-stakeholder approach has been
successful at GSFC







MRET is GMSEC-Compliant

Other GMSEC Components can drive XR,
e.g., provide situational awareness by
subscribing to real-time telemetry messages
to drive 3D models of spacecraft

MRET can use GMSEC for collaboration,
allowing collaborative sessions on secure
networks, even over VPN
Situarional Awdreness, AuTomarion)

Automation Situational
Tools Tools
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AAS
ACM
ADAPT
AGCM
AIAA
AIST

AP

AR

CAD
CCRS
CIF
COTS
CTA
DCOTSS
DEM
ESMF
ESTO
ESTO
ExIS
GEOS
GeoTIFF
GIS

q GMAO
GMAT

\ GMSEC
GSFC
GuUI
'HUD
1/O

|EEE
IRAD
IS&T

American Astronomical Society
Association for Computing Machinery

Advanced Data Analytics Platform

Atmospheric General Circulation Model

American Institute of Aeronautics and Astronautics
Advanced Information Systems Technology
Application Programming Interface

Augmented Reality

Computer-Aided Design

Capture, Containment and Retrieval System

Center Innovation Fund

Commercial Off-the-shelf

Cognitive Task Analysis

Dynamics and Chemistry Of The Summer Stratosphere
Digital Elevation Map

Earth System Modeling Framework

Earth Science Technology Office

Earth Science Technology Office

Exploration & In-space Services

Goddard Earth Observing System

Georeferenced Tag Image File Format
Geographic Information System

Global Modeling and Assimilation Office

General Mission Analysis Tool

Goddard Mission Services Evolution Center
Goddard Space Flight Center

Graphical User Interface

Heads Up Display

Input/Output

Institute of Electrical and Electronics Engineers
Internal Research & Development
Information Science and Technology

JPEG
JPL

LD
LIDAR
MRET
NASA
NCAR
NCCS
netCDF
NSPIRES

OSAM-1
PCD

PDL
PNG

PY
ROSES
RMIT
SED

TRL
UMBC
UMD
UMIACS
UNT
VALIXR

VR
XR

Joint Photographic Experts Group
Jet Propulsion Laboratory

Lagrangian Dynamics

Light Detection and Ranging

Mixed Reality Exploration Toolkit

National Aeronautics and Space Administration

National Center for Atmospheric Research

NASA Center for Climate Simulation

network Common Data Form

NASA Solicitation and Proposal Integrated Review and Evaluation

System

On-orbit Servicing, Assembly, and Manufacturing 1

Point Cloud Data

Product Development Lead
Portable Network Graphic

Program Year

Research Opportunities in Space and Earth Sciences

Rapid Model Import Tool

Software Engineering Division

Technology Readiness Level

University of Maryland Baltimore County

University of Maryland (College Park)

University of Maryland Institute for Advanced Computer Studies
University of North Texas

Visualization And Lagrangian dynamics Immersive eXtended

Reality Tool (VALIXR)
Virtual Reality

Extended Reality (AR/VR/MR)
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