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About the Team

* Presentation on behalf of the
CAE Systems Environment Team |
« Tasked with supporting the efforts of
engineers and scientists at NASA JPL

« Establishing and maintaining multi-disciplinary
integrations of tools and methodology
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NASA Jet Propulsion Laboratory (JPL)

* L ocated in Pasadena, CA

* NASA-owned “Federally-
Funded Research and
Development Center”

 University-operated
« ~5,000 employees

Contract
Negotlatlons

Program
Direction & Funding &
Reportmg OVGI’SIght
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Computer Aided Engineering (CAE)

« Computer Aided Engineering provides the
Laboratory's Engineering Staff and Scientific
communities with tools and technical expertise

* Four Environments:
— Systems Environment
— Software Environment
— Mechanical Environment
— Electrical Environment
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OpenCAE Vision

* Provide an open portfolio in a shared environment
that seamlessly connects engineers developing
missions and systems.

— Open - Processes, code, apps, services and artifacts are
accessible by JPL users as well as vendors and partners

— Shared - The diverse community of users, developers
partners and vendors are able to contribute

— Connected - Collaboratively construct and analyze the
same precision products needed to develop Missions and
Systems at JPL using the CAE environment.
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OpenCAE Mission

« Develop the CAE environment from a user centered
architecture leveraging vendor partnerships using
robust life cycle processes.

— Vendor partnerships — Crucial feedback and insight into how

Vendor products are serving the needs of engineers and
developers

— User centered — Architecture for CAE is driven by the needs
of the practitioners and projects

— Life-cycle process — Provide the integrity of the the
applications services and support
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Model-Based Engineering applied by Projects for
delivering Engineering Products

Projects: Products:

* Europa Clipper « MELs, PELs

« Europa Lander mission * Resource allocation analysis
concept . System decomposition,

* InSight « Libraries / Reusable models

« Mars 2020

« Mars Sample Return
(MSR) — potential
missions concept

« Thirty Meter Telescope
« Ground Data Systems
 Psyche

« MAIA
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OpenCAE provides the engineering platform

« A platform for engineering tools to work together

 Incorporate tooling from systems, software,
mechanical, and electrical domains

» Platform integrates heterogenous data sources
 Emphasize standards for data interchange

 (Case studies inform the architecture of the
engineering environments

 Multi-model environment
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CAE Systems Environment Provides Integrated
Life-Cycle Support

@ enkins O ¥IIRA %L

@ MapleMBSE
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OpenCAE evolves through User Centered
Design

« User Centered Design steers the development of the
OpenCAE infrastructure

e Continuous communication with users to understand
their experience in the OpenCAE enwronments |

» Users evaluate solutions before they are
implemented

* Following standard UX practices
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OpenCAE engages the User Community

* Mailing lists generated by tool license use

« Slack channels per each tool for general questions
(with vendors)

« Technical Working Groups held biweekly with
vendors for tool-specific questions

. OpenCAE Systems Envwonment Team Offlce H@'f'
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OpenCAE develops requirements through
Case Studies ™\

* Requirements Management
 Interface Management

* Design Management

« Trade Studies

* Interdisciplinary Integration
* Analysis Management

* Resource Management
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Inte fa"ctions Within CAE Systems Environment

cae e workatubon : CAL SE Engmeering Werksisson
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CAE delivers an integrated Systems Environment

DOORS NG

Analysis Multi-Machine
Orchestrator Analysis

I Syndeia

ModelCenter Syndeia Artifactory
MapleMBSE Cloud Cloud
Analyses Maps Artifacts
| MagicDraw Tom Sawyer
MPS MMs  Teamuork ~
I MATLAB I Timelines Indices Models DIY Web App I

Web Senvices
View Editor

| OpenCAE DevOps




CAE Systems Environment:
Cookbook and Template Model

8 MagicDraw 18.5 - OpenSE Library.mdzip [/Users/sherzig/Downloads/JPLSECookbook/]
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Template models to be used by projects
as a starting point, with recommended
organization, model libraries, etc. i e

Zehnder interferometer phasing sensor. It is mounted on a breadboard and consists of a shutter, a
r filter wheel. a neutral density filter wheel, an nslation stage which carries a

e, able to move in the X and Y directions,

ated after the p

ty Filter wheel
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CAE offers project and domain specific
adaptions

« CAE provides the same environment to all its
customers (engineers and scientists)

 Embedded roles work directly on projects to adapt
the standard environment specific to the project
goals or methodology

 Embedded roles capture needs in general case
studies which inform the CAE architecture
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Mars2020 Embedded Role

« Ground Data System (GDS) Consolidation
Flight System Model integrity

Integration for generated artifacts
Customized documents support

Testing and Deploying various customizations of
CAE Systems Environment
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CAE delivers an integrated Systems Environment

DOORS NG

Analysis Multi-Machine
Orchestrator Analysis

I Syndeia
- - <
ModelCenter Syndeia Artifactory
MapleMBSE Cloud Cloud

Analyses Maps Artifacts

- -
MPS

Timelines

Indices

Web Senrvices

| OpenCAE DevOps




NESC MBSE Pathfinder Embedded Role

* Apply Best Modeling Practices

Investigate and use various workflows in
environment In a restricted environment

Specified Training and Tutorials
Team meetings and evaluation support
On Call Support

o
.\ ¥
S
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CAE delivers an integrated Systems Environment

DOORS NG

Analysis Multi-Machine
Orchestrator Analysis

I Syndeia

ModelCenter Syndeia Artifactory
| MapleMBSE o] o
Analyses Maps Artifacts
- S ————— <
TMS IgS Cloud
I MATLAB I Timelines Indices Models Analyses DIY Web App I

Web Senrvices

| OpenCAE DevOps




Europa Lander Embedded Role

 Need:

— Generate orderly and palatable diagrams from a
system model describing the Lander

— SE products should never be out of sync with the
system model

* Approach:

— Leverage Tom Sawyer plugin for MagicDraw
development effort

— Supply reguirements directly from the project to
the vendor

— Coordinate with CAE development team on the
use case for Tom Sawyer integration with
DocGen and View Editor
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CAE delivers an integrated Systems Environment

DOORS NG

Analysis Multi-Machine
Orchestrator Analysis
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Managed Excel 2/3
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Managed Excel 3/3
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Europa Clipper Embedded Role

 Need:

— Publish artifacts to CAE services (MMS, TES,
Artifactory)

'+ Approach:

— Express the REST API endpoints of these
servers in OpenAPI standard specification

— U§e Swagger codegen to generate clients for
specific analysis environments
« Mathematica, MATLAB, Python, Java

» More than 20 other languages available
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CAE delivers an integrated Systems Environment

DOORS NG

Analysis Multi-Machine
Orchestrator Analysis

ModelCenter Syndeia
Cloud Cloud
Analyses Maps Artifacts

Teamwork
Cloud
Timelines Indices Models

Web Services
View Editor

I Syndeia

| MapleMBSE

| MagicDraw

DIY Web App |

OpenCAE DevOps




Europa Clipper Embedded Role

 Need:

— Formalize analysis workflows related to the
Clipper Flight System

— Want to capture the workflows in a model, but
also want them to be executable

* Approach:

— Use Phoenix MBSEPak plugin for MagicDraw to
translate the workflow parameters into Phoenix
ModelCenter

— Configure ModelCenter to use shared
components in the Analysis Library of
ModelCenter Cloud
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CAE delivers an integrated Systems Environment
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OpenCAE: What F

- Domain specific adaptat
— Managed Services with ve
— Embedded roles
- Server-side operations preferred
— Easier to update a server than many “
— COTS connections between services
« Speak the same language (SysML, FMI)
* OpenAPI REST specification
— Generate clients for users’ preferred languages
— Enforces OpenAPI on environment services
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Core Integration of MMS, MDK, and VE

-

class Post Segment-Exchange Alignment Post-Segment Exchange Augnmeny

«views
Use Cases

Model of Document in
MagicDraw

«views
Post Segment-E xchange Alignment

+pupose of use case

aviews
Pupose of use case

+typica) observing parameters

aviews
Typical observing parameters

+entrance and

aviews

Entrance requirements and
conditions

«Expose:

+use case activity

«views
Use case activity

+exit conditions

Optical Performance Requirements

aviews

«Exposes

+time to execute

«views
Time to execute

T =
|«E xpose»
|

Duration Analysis

«Expose»

«Exposes

| Model Development Kit

fos(-gegmem Exchange Capture Range Requirement

«Efpﬂfﬁ Use Case: Post-Segment Exchange Alignment

>Post-Segment Exchange Optical Performance Requirements

APS Operational Blackbox Post Segment Exchange

Post-Segment Exchange Alignment Timing Analysis Results

—

B 2.2.2 Typical observing parameters
B 22.3 Entrance requirements and con|
22.4 Use case activity
I 2.2.5 Optical Performance Requirem
B 2.2.6 Time to execute
~ [ 2.3 Rigid Body M3 Alignment
B 231 Pupose of use case
B 232 Typical observing parameters
i 2.3.3 Entrance requirements and con
B 23.4 Use case activity
I 235 Optical Performance Requireme
B 2.3.6 Time to execute
v [ 2.4 Off-Axis Measurements
B 2.4.1 Purpose of Use Case
I 2.4.2 Typical Observing Parameters
B 2.4.3 Entrance Requirements and col
I 2.4.4 Use Case Activity
I 2.4.5 Optical Performance Requireme
B 246 Time to Execute

Model Repository
(MMS)

@BDASHEOARD ESSHORTCUTS @SUPFORT  FEEDBACK FUAT @ASOUT ®LOGOUT
TASK master ~ TAG

z o+ 8B EB2e <>

Rendered and editable document in

latest +

ants
-~ - @
3 Time to execute W I nt rf V E lt r
1+ below shows our current bottom-up time estimate for each of the activities that make up this use case. The total time estimate is ~96 (TBR) minutes, which is to be compared with our ¥
ent of 120 min (as shown in the figure below).
()

we routinely perform post-segment exchange alignment in 120 minutes or less. However, at Keck the segment shapes are measured in a separate test, with each segment measured separately,
tment of the segment warping hamesses is manual and occurs the next day. We will measure the TMT segment shapes in parallel as part of the rigid body and segment figure activity and imidiatly
> segment shapes during the night via the motorized warping hamesses and iterate the control at least once. Given our bottom up estimate and our Keck experience we have a high degree of

:e we can met the 120 minute requirement.

TRt ot s

ot Fer i By Spa - B ke TR SRR TSR TRES R THD:Res

Post-Segment Exchange Alignment Timing Analysis Results

This table shows the results for the post segment exchange duration analysis.

[ Pokage Sveiasi AP paraional Bacior ot Segran xcarge )|

«TMT Requrements
Post-Segment exchange alignment timo
Text="APS shall be able to perform on-axs
alignmentin less than 120 minutes (ata
single elevation angle) when all optics are
within the post-segment exchange
specifications.”
TMT ID = 'REQ-2-APS-0016"

ocks
APS Black Box Specification TMT

«Specitios
ppc : Peak Pow or Limit Requirement TMT

ocks «TMT Requirements

APS Operational Blackbox Specification JPL.

Text = "Discussion: This does not include any time
needed for MICS (o other) sensor calibrations at
multple elevation angles.”

s : Peak Pow or Limi Requirement JPL
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“Open Model Based Engineering Environment §

* OpenMBEE is a community for open-source
modeling software and models

— Number of open source software activities
— Number of open source models

« JPL is a participant and adopter of OpenMBEE
software and models

« Along with Boeing, Lockheed, OMG, NavAir,
Ford, Stevens, GaTech, ESO

* Vendor participants
« ~200 members
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