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NASA Jet Propulsion Laboratory (JPL)

e Located in Pasadena, CA

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

« University-operated
« ~5, OOO employees

Contract
Negotlatlons

Program
Direction & Funding &
Reporting Oversight
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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.

12 April 2018

Open - The portfolio that CAE provides is open in every sense of the
sprit of open source. Our processes, code, apps, services and artifacts
are accessible by JPL users as well as vendors and partners.

Shared - CAE is more than a collection of licenses and tools, its a
shared environment for engineering. The diverse community of users,
developers partners and vendors are able to contribute innovation and
work more effectively by reducing the overhead.

Connected - the CAE Environment connects engineers allowing them to
collaboratively construct and analyze the precision products needed to
develop Missions and Systems at JPL using the CAE environment. This
Is done without the overhead of traditional manual exchanges of
information. Engineers can connect with each other and find relevant
engineering data and information reducing redundancy and increasing
value of the engineering products and analysis produced by the flight
project.
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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 — CAE works closely with Vendors
providing them crucial feedback and insight into how their
products are serving the needs of engineers and
developers

— User centered architecture — to achieve the vision of Open
CAE, the technical architecture for CAE is driven by the
needs of the practitioners who use the environment and
the needs of the projects that are served by it

— Life-cycle process — the life-cycle processes for CAE
provide the integrity of the the applications services and
support provided by CAE
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Applications of Model-Based Engineering at JPL

eering Products
actice in several projects « MELs. PELSs

« Missions to Europa
— Europa Clipper
— Europa Lander

« Missions to Mars
— Mars 2020
— InSight
— Mars Sample Return (MSR)
« Thirty Meter Telescope
« Ground Data Systems
« Psyche
« MAIA

* Resource allocation analysis
« System decomposition,
 Libraries / reusable models
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OpenCAE: Realization

« A platform for engineering tools to work together

* |ncorporate 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

12 April 2018 For Planning and Discussion Purposes Only 9



OpenCAE: User Centered Design

» User Centered Design steers the
development of the OpenCAE
Infrastructure

« Continuous communication with users to
understand their experience in the
OpenCAE environments

» Users evaluate solutions before they are
Implemented

* Following standard UX practices

12 April 2018 For Planning and Discussion Purposes Only 10



OpenCAE: User Communication

* Mailing lists generated by tool license use

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

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

 OpenCAE Systems Environment Team
Office Hours held biweekly for general
guestions and support
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CAE Systems Environment

Support SE Activities:

Requirements Management
nterface Management
Design Management

Trade Studies
Interdisciplinary Integration
Analysis Management
Resource Management
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CAE Systems Environment: Overview
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CAE Systems Environment:
Cookbook and Template Model

Create Diagram % APS Maintenance Al

'._sm-mannm.-m_oun - - - : “COOkbOOk” for
modeling methodology
R | o | and patterns

No
Comment

- bl
¥ Problem JPLRules | | Staksholder
= Rationale
Element Gr.
crraint v
k Definiti... b ablo

_system of interest_ _system of interest_ System of Ints
Software Developer ; CookbooK for MBSE with SysML

tisfied by automatica
e E Constraint... :
system of interest_ 0 namain -

interest £ Internal Block...

Requirements...

MBSE Initiative — SE2 Challe

COOKBOOK FOR MBSE WITH SYSML

= Use Case Dia.
& Profiling Mec...

-

in as sherzig [twc.openmbee.org:8 20647 1940M of|

Template models to be used by projects
as a starting point, with recommended
organization, model libraries, etc.

hich carries a
ans of a translation

located after the phas

noutral Den: o a sel of 8 different neutral density fit

n optical filter t g splical fifters centered on
h different

12 April 2018 For Planning and Discussion Purposes Only 14



CAE Embedded Roles

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

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

* Embedded roles capture needs in general
case studies which inform the CAE
architecture
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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 requirements 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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Europa Clipper Embedded Role

 Need:

— Need to publish artifacts to CAE services
(MMS, TES, Artifactory)

'« Approach:

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

| —-uié Swagger codegen to generate clients for
specific analysis environments
« Mathematica, MATLAB, Python, Java
* More than 20 other languages available
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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
I\/IcfdeICenter

— Cohflgure ModelCenter to use shared
components in the Analysis Library of
ModelCenter Cloud
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OpenCAE: What Has Worked

Domain specific implementations
— Managed Services with vendors
— Embedded roles with JPLers

Server-side operations preferred
— Easier to update a server than many clients
— COTS connections between services

Speak the same language (SysML, FMI)

OpenAPIl REST specification

— Generate clients for users’ preferred languages
— Enforces OpenAPI on environment services
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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
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