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DoD Digital Engineering (DE) & ASOT
DoD Digital Engineering Strategy, June 2018

* “DoD defines digital engineering as an integrated digital
approach that uses authoritative sources of system data
and models as a continuum across disciplines to support
lifecycle activities from concept through disposal.”

* Various Authoritative Sources of Truth (ASOT) are being
developed by the Space Force

— DoD Space Enterprise Model
— SMC Portfolio Architecture (SPA) Model
— Space Operations Enterprise Architecture (SOEA) Model

* Different ASOTs can have information about the same
system, and they each have their own metamodel

* An ASOT could be any number of things, such as a SysML
model, spreadsheet, or custom database

* Mechanisms are needed to read the data from the ASOTs,
transform the data, and feed it into analysis tools

DEPARTMENT OF DEFENSE

Source: https://ac.cto.mil/wp-content/uploads/2019/06/2018-Digital-
Engineering-Strategy Approved_PrintVersion.pdf



Project Huddle

Hub-and-Spoke Approach to Data Transformation

* Project Goal: Reduce overhead in data logistics
— Make it easy for analysts to get the data they need in the way they want it
— Make it easy to share and update models

* Implementation Approach

Ontologies that capture space analysis domains (e.g., space systems,
orbital mechanics)

Software infrastructure that creates, stores, and updates data that
conforms to this standard

Develop tools to read/write supported syntax (e.q., JSON, XML) and
semantics (e.g., ontologies and metamodels)

Curated datasets and ASOTs (Authoritative Sources of Truth) on a
website

* Current Capabilities

Website and REST APIs for users to upload, download, explore, and
Share models

Plugins for Sparx EA and Cameo to import and export SysML models that
conform with our schema

Mappings between tools (see right for examples)

Python API
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PDST Syntactic Translation
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The syntactic translation focuses only on the data structure. It understands how specific
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ySOAP
and translates them to a common format. i

Excerpts from PDST’s XML Excerpts from HUDS JSON

{
"type™: "pdst.Satellite™,
<Element id="PHT31134" type="Satellite" enabled=""> midn:
<OpsGroups>GPS-IIRM</ CpsGroupss "pdst™: "PNT31134"
<OpshctivationStates:Operations</OpshctivationStatess ,}.;tt,_-h..tesr.. {

<Orbits> "library"™: "PNT Library",
<Orbit id="PNT_GPS_SLOT A2"/> "pame?: "GPS-IIR-15 (M2)",
</Orbita> - - - "Description™: "HAVSTAR Global Positioning System Block IIR - SV-15",
>
' roitss "AoguisitionAgency™: "SMC/GE",
</Element> "PrimeContractor™: "Lockheed Martin”
Fo
"relationships™: {
"Orbit"™: [

<Satellite id="ENT31134" name="GES-IIR-13 (M2)"=

"id"™: "PNT GP5 SLOT a2",
<Description>NAVSTAR Global Positioning System Block IIR - SV-15</Description> nypem: ”past.u:bit7
<hogquizitionfAgency>SMC/GP</Aoquisitionfgency> }
<PrimeContractor>Lockheed Martin</PrimeContractor: 1.,
<Customhttributes> }

<Ahttribute name="Design Life (yrs)">7.5</Attribute> }
</Customhttributes: ¢
<0V1Icon>rimages/icons/gps.png</0V1Icon> "type": "pdst.Orbit",
</Satellite> migm:
"pdst": "PNI_GP5_SLOT_RA2"
b
"attributes": {
<Orbit id="PNT_GPS_SLOT_A2" name="GPS Slot A2" type="MEO" slot="GPS Slot A2"> "library": "PNT Library",
<Description>GPS Medium Earth Orbit - 12 hr period, repeating ground track, ”'"'iar"'e”: ”;éi”:"ot S
<OrbitAltitude units="km">20368</0OrbitAltitude> e eme S o
y i | i uni ="km">26559. 799999959959/ SemiMajorixis> slow": "BES Slot A2'
<SemiMajorkxis units - " -/ SEmINAJOTAXI S "Description™: "GPS Medium Earth Orbit - 12 hr period, repeating ground track,
<Eccentricity>4.6111025347562E-16<,/Eccentricity> nOrhitAltitude™: "20368",
<Inclination>54.9999999999999</Inclination> "SemiMajorAxis": "26559.7995995959",
<RLAN>296.23</RALAN> "Eccentricity™: "4.6111025347562E-16",
<ArgPerigee>0</ArgPerigee> "Inclination™: "54.9993995955553",
<Meanhnomaly=292.61</Meaninomaly> MRRRIT: i "296'25? !
"ArgPerigee™: "0V,
</Orbit> "MeanfAnomaly™: "292.61"
}
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Huddle Objects
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Example Semantic Mapping

The semantic translation focuses on the vocabulary used. It maps concepts from a tool metamodel

to the ontologies and translates the language to either map to the common ontologies or explicitly Say mEmmm W

remain in the tool’'s metamodel. . R
?PDST

PDST Huddle SOAP

Metamodel: PDST ontology: sos
class: Satellite class: Satellite

. metamodel: SOAP
orbitAssociation S@meAs hasOrbit sameAs class: Kepler
state: [list]

ontology: orbital-mech ontology: orbital-mech
class: ClassicalOrbit class: Orbit

sma: [float] semiMajorAxis: [float]
ecc: [float] eccentricity: [float]

Huddle Equivalent PyDST Equivalent PySOAP Equivalent

Type Ontology
Class S0s Satellite Satellite Kepler
Class orbital-mech Orbit Orbit

Attribute orbital-mech Orbit.semiMajorAxis Orbit.sma Kepler.state[0]

Relationship sos —> orbital-mech Satellite — hasOrbit —> Orbit Satellite — orbitAssociation —> Orbit



PDST Semantic Translation

The semantic translation focuses on the vocabulary used. It maps concepts from a tool metamodel
to the ontologies, and translates the language to either map to the common ontologies or explicitly

remain in the tool’'s metamodel.

PDST Semantics

Translated from PDST to SOS

v

: "pdst.Satellite™,
IR
: "PNT31134"

HE
: "pdst.Satellite”,
: "GPS-IIR-15 (M2)™,

: "MAVSTAR Glokal Positioning System Block IIR -

5v-15",
: "SMC/GE",
: "Lockheed Martin®™,

“orbits™: [
{
"type": "pdst.Orbit",
"id": "576bc00958914d0T7al8ebT0elbfbas2s5"
}
1

: "pdstc.Orkitc™,
{
i "PNT_GPS SLOT_RZ",
: "576bc00558514d07al8ebT0elbfhas25™

R
: "GPSPlanehASlot2"™,
: 20368.0,
: "1991-12-01T00:00:00",
i "GPS Medium Earth Orkit - 12 hr period,
repeating ground track, inclined 55 deg. Slot A2"™,
: "GPS Slot h2v,

: 296.23,
: 0.0,
p 282.61
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Huddle-ontology Semantics

: "sos.S5atellite™
{
IIP_‘.]“
: "0f0l2dbdeTeT4clchdes22ef287Tealom
{

"pdst.S5atellice”,
"GPS5-IIR-15 (M2)™,
"NAVSTAR Global Positioning System Block IIR

Ir

- 5V-15",
"SMC/GE",
: "Lockheed Martin®
elationships": {
"hasOrbit": [
{

“type”: "orbital.Orbit™,
"id": ™576bc00958914d0Tal8ebT0elbfbae25"™

: "orkbital.Orbit"™,
HER Y
: "PNT_GPS_SLOT A2",
: "S5TEbcl09585914d07al8eb70elbfbas25"

HER |
: "GPSPlanehSlot2™,
: 20368.0,
: "18891-12-01TO0:00:00",
: "GPS Medium Earth Orbit - 12 hr period,
repeating ground track, inclined 55 deg. S5lot RAZ"™,
: "GP5 S5lot RIZT,

: 296.23,
: 0.0,
1

- 2%2.6
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Huddle Portal

Huddle b4 +

&« C 1Y @& huddleaero.org

pols « Ontologies ~ Confluence About Admin ~

My Models Shared With Me Public Upload Download Version Attachment Information
Model Name State Last Modified Actions Model Name
CDC_pLE020200804 Complete 10 Aug 2020 17:58:50 B Upload From Select Tool o
DoD_AFSCN Complete 17 Sep 2020 08:12:19 n ] Public
Generic Model Complete 12 Aug 2020 16:29:56 B 'E' Merge wih e)_(is_tmg Scena_m
[_] Append to existing scenario
INDEPTH + CDC Complete 08 Jul 2020 08:17:57 n [[] Update in-place
NB + MEQFO 9-1 Complete 01 Sep 2020 08:37:49 B
OptiSAR_EO Complete 02 Jun 2020 07:12:29 B
OptiSAR_EO+SAR Complete 02 Jun 2020 07:12:51 B
PNT Mission Model Complete 05 Jun 2020 15:33:24 n VAR
SampleSparxiModel Complete 06 Apr 2020 15:27:11 n ol 2

* Capabilities
— Upload, merge, and append models to the web, with the ability to share with others

— Download models in different formats and filter based on data object type (e.g., Satellites, Ground Stations), PDST
capability, and time
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Case Study

The fictional ACME Corporation needs a set of ground stations to support their
new satellite constellation.
Huddle enables the quick and easy translation of ASOT and concept data for

use in analysis tools.
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Case Study: ACME Ground Services

* The fictional ACME Corporation has a new
satellite architecture concept

* Constellation parameters:
— 20,000 km altitude
— 60 degree inclination
— Walker TPF: 14/7/1
* ACME needs a set of ground stations to support
their satellites

* They want those satellites to always have at
least one ground station in view

* But they don’t want to build their own ground
stations, so they decide to buy time on
commercial antennas

* The Aerospace Corporation can use its
commercial antenna ASOT database, Huddle,
and a ground station selection tool, Gusto, to
help ACME choose its ground stations

13



Analysis Overview

: ' / Ground Station
Ground Station Translate »  Data in Gusto
ASOT | . : / input file format

Ground Station
Selection Analysis

with Gusto
Satellite Constellation
Constellation Translate R _Concep_t Datg v
Concept in Gusto input file
format Set of Ground
\_/— Stations to Support

Constellation

End
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Considered Commercial Ground Stations

References: slide 2



One Possible Ground Station Set for Gapless Coverage




Lessons Learned

* Make existing tools more “web-enabled”
— Develop mechanisms for existing tools to pull data from web endpoints, and if appropriate, push data back
— Develop new tools or versions of existing tools that are browser-based

* Being consistent with the various data translation layers

— Hitting a moving target is difficult
— That consistency is key to meaningful data transformation

17




Next Steps and Future Path

* Automation of Analyses
— Analyses can be set up and run as background routines on a daily, as-needed, or upon-change basis
— Building a user-friendly automation interface will allow users to customize analyses from ASOTs
* Similar to business process or email automation

* Managing Architecture Alternatives
— With the baselines captured and shared with DE tools, architectural alternatives can be created for tradeoffs
— This presents challenges in managing the data, such as
* Maintaining traceability between alternatives while tracking the changes
* Merging changes from branches to the baseline and vice versa

* Decision Support
— Develop robust and realistic schedules and budgets by plugging in optimization and Monte Carlo analysis capabilities

18



Summary & Thank You

* DE Implementation is steadily progressing, and more ASOTs are becoming developed and matured
* Mechanisms to use the data in the ASOTs to feed analysis tools are needed
* Huddle Portal provides a convenient way for users to get access to the data in convenient formats

* The case study highlighted notional use of an ASOT ground station database and a satellite constellation
concept to perform a ground gateway optimization study

* Automation of analyses using ASOTs can unlock greater efficiencies and new use cases in DE

19
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Commercial Ground Station Location References

* Amazon Web Services (AWS) Ground Station

— “AWS Ground Station launches new antenna location in Hawaii, USA”. AWS. Web Press Release. htips://aws.amazon.com/about-
aws/whats-new/2020/11/aws-ground-station-launches-new-antenna-location-in-hawaii-usa/. Posted on: 27 Nov 2020. Last accessed: 04
Jan 2021.

— “AWS Regional Services List”. AWS. Web Document. https://aws.amazon.com/about-aws/global-infrastructure/regional-product-
services/. Last Accessed: 04 Jan 2021.
* Atlas Space Operations
— “Global Antenna Network”. Atlas Space Operations. Web Document. hiips://atlasground.com/antenna-network/. Last accessed: 04 Jan
2021.
* Kongsberg Satellite Services (KSAT)

— “Ground Station Services”. Kongsberg Satellite Services (KSAT). Web Document. https://www.ksat.no/services/ground-station-services/ .
Last accessed: 07 Jan 2021.

* RBC Signals
— “Satellite data communications via our global ground station network”. RBC Signals. Web Document. hitps://rbcsignals.com/ . Last
accessed: 04 Jan 2021.
* Swedish Space Corporation (SSC)

— “SSC'’s Global Ground Station Network”. Swedish Space Corporation (SSC). Web Document. hitps://www.sscspace.com/ssc-
worldwide/ground-station-network/ . Last accessed: 04 Jan 2021.

Return to slide 16
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