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The Design Reference Mission (DRM)
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A series of representative mission profiles that

sufficiently describe the intended system use across its
nominal and most stressful operating conditions.

The DRM is the mechanism used to
evaluate system performance

and guide development efforts.

N » GLOBAL PRODUCT DATA
- F INTEROPERABILITY 2 O 2 4
y ¥ % SUMMIT



Integrating Models into the Mission
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Mission Models and 5000.97 Requirements
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3.5. PROCEDURES FOR MAINTAINING DIGITAL MODELS AND
AUTHORITATIVE DATA SOURCES.

a. Digital Models.

DoD INSTRUCTION 5000.97 (1) Programs will identify and maintain model-centric baselines, approaches, and
applications in a digital form that integrates the technical data and associated digital artifacts that
stakeholders generate throughout the system life cycle. The program should develop digital
model(s) using standard and best practice model representations, methods, and underlying data
structures to maximize interoperability.

DIGITAL ENGINEERING

Originating Component:  Office of the Under Secretary of Defense for Research and Engineering

Effective: December 21, 2023
Releasability: Ctl;:]z;rcdﬁor public;i rCI}?aSC"U%\gjlablc on the Directives Division Website (2) ngrams ShOllld establigh a Standard appmach fgr develgping each type Of dlgltﬂl
al psi//Www.esd.wis.mi . . F— .
model. Programs should consider the use of existing modeling standards and approaches to
Incorporates and Cancels: Department of Defense Directive 5000.59, “DoD Modeling and - - - —
Simulation (M&S) Management,” August 8, 2007, as amended improve integration of models across the DoD. Programs must evaluate all digital models to
Approved by: Heidi Shyu, Under Secretary of Defense for Research and Enginecring ensure they are accurate, comgletc, trusted, and reusable. Programs will develop digital models

in accordance with applicable DoD policies, guidance, and standards. Programs should

Purpose: In accordance with the authority in DoD Directive 5137.02, this issuance establishes policy.
assigns responsibilities, and provides procedures for implementing and using digital engineering in the
development and sustainment of defense systems.
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Simulation Data and Process Management (SPDM) Challenges
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Organizations recognize the
critical value of Mission Simulation

Functional/Organizational/Geographically
distributed collaboration

| .. which result in new challenges ... |

* Where is data/model library located?
Is this correct version of model & data objects?

What were key assumptions used to create the mission

Bob is on vacation — How did we get these results?

E

i Status

[ g |
) MDAO Team ”' %
[ g ] Leveraging a Variety of
Systems N o, _~ Analysts Unmanaged data sources
P Rmma ;
Environment N ; ~§"'~§’§ 3
/ \  ROMs PEE
Terrain Data  31d harty Models oW

Explosion of data

Data from commercial + in-house sources

B Excel
fmuy

FUNCTIONAL
o

.. requiring a simulation management solution

Data Governance Data Archival Traceability Security
Standardization Best Practices Approval Audit Trails
Collaboration Visibility Share Reuse
Democratize Non-Experts Training Accessibility
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SPDM System — Key Capabilities Model Data Management
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Data Management Configuration Management Reports and Visualization

v o Data > OtherData 5 revision type Wit e . )
> oo | +newv || Zupoadv || CRefresh || @ copyUrL || & Down ~ =
- - CAE T Rev State Dai hel rotor-5 011 In Work 2019-07-09 05:21:17  Frank Black Fie/Other 3 MB AR
I Aosaus M CreoAssembly 001 4 Uncontroll.. 203 " I hsecseho 002 InWwk 201907406 14 'E":,“,m,:m.:m'm'"m - .
hmseor 0= Data > JD > tractor-john-deere-2.snapshot.2 SRC—
- 2 ) [ comire. | [ oot | [ *oven ][ @ e claimed e J W E@”
IR aitert e PEmm — ::
I LSDyna . | e -t 1 =
I Workbench 3 camll | g -
I Avaqus “": | St —— - oo N (RS Tl
CAE result (Abaqus)
Data organization, libraries, how know, search Manage versions, references Automated extraction of relevant information

Simulation Decision Support Traceability/Dependencies Collaboration

=x = Ansys T
wanaze Sy Regorc v - W
T | ——— e — B
E q R . Attach = World v
E= . & Aitad B wor
— T | . | Ansys Admin Todsy st 12:58 PM
R o 1 | Lo ] Is this deformation expected @florent petiot?
H e [ ==
. — ===m =
arrmen - EEEEE T
= e = = = T
f— — | @ Hide replies Reply
\nsys - - ST==n
- B - . - . - - e B florent petiot Today at 1:03 PM
- . - . — laoks good to me!
= B Reply

Role-based dashboards, reports Digital Thread automatically updated
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SPDM System — Key Capabilities Simulation

Process Management
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Hete rogeneous Business Process/ ~  Requirements InputFiles Tasks Roles Deliverables .
Commercial + Lifecycle Support = el feln e e wlw b o wln sl mlw »lx
in-house tools

Reguest Changes Regquest Changes
.y e (& £ - r"""i'”,m- f ) __,> & )
F d L. Go ~ ™1 Submit ' StatWork — & Complete Work " Accept Results
S -’l{“ Start Submit Rgquest Review Request  Perform Simulations Review Results End

an - b » Cancel R.equest . .
) _— s Simulation Process
S Management for Teams
F®R23

Configure Business Processes and lifecycle needs Templates, roles, deliverables, audit configurability

Tool chain and optimization integration Hybrid HPC e | [——-

Parent Projects

Input Flles Flow View Schedule View
- I =
lcprc:. e g & Job #000013 for Florent Petiot (completed) [2 3 e :
B e ° £ Refresh  ¢*° Promote | (§) Navigate v [ "8
[£]
A ol | | e ‘
i 2 = bl & i ¢ A 2 @ "
;5}\ |aven pros e ! T O B - - 2t O e T (O P L@ e *
‘ﬁj"“ ModelCenter Projects and their Status Output Dime Quo@n 18 Double 7 n ;, :; o ©
\E_' Component Dependencies - D) Prevrost
G = & Downloading Files Detg
= & Running Job Detg Hardware Settings
=
@ Uploading Files Detg 0 Keep Job Ouipu —
_ @ Organizing Files Detd - - phons: @ Serel O porale
Ansys optiSLang/ModelCenter for Simulation Workflow . L
\ N \ . Execute and manage batch and interactive jobs
Automation, optimization and robust design — publish web

templates to Minerva
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Example: Creating a Digital Test Range
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* Modeling of all assets across a test range (digital twins)
« Ground sites
« Antennas — low and high fidelity
« Aircraft (flight performance models, attachments, etc)
» Operating areas
« Safety corridors
* GIS data

« SPDM solution (Minerva) to manage asset design
iterations and ownership

* Enabling mission planning activities

* Pre-mission and/or post-mission evaluation of data to
refine digital test models

[NOTIONAL] Example Eglin Digital Test Range
using Systems Tool Kit (STK)
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Standard Object File Catalog
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« Gather or create object files that model range assets
« Store files in a shared version-controlled repository

~  Work Requests Tasks File Folder CAD Documents Child Projects Roles

* [ File Folder File Folder > StandardObjectCatalog
. ComponentSimulations -
_ o ( Refresh ‘ ‘ & Copy URL ‘ ‘ 2 Download | ‘ * Open | ‘ Properties
3 .DeagnReferenceMlssmn
I N . StandardObjectCatalog Mame Rev Branch State Date Modified Modified By Classification Size
. SystemArchilectureModels - Vandenberg_Air_Force_Base_CA.plc oo Default " In Worlk 2024-09-20 10:43:16 Josh Reicher File/Other/Other 59 KB
> . Waorkflows . Vandenberg_Air_Force_Base_CA.plcd 001 Default & In'Work 2024-09-20 10:43.16 Josh Reicher File/Other/Other g9 KB
. SeaTestRange 0o Default Uncontrolled 2024-09-20 13:39:22 Josh Reicher Folder
- Edwards_Air_Force_Base_CA plc3 oo Default " In Worlk 2024-09-20 10:43:16 Josh Reicher File/Other/Other 9 KB
- Edwards_Air_Force_Base_CA.plc oo Default " In Worlk 2024-09-20 10:43:15 Josh Reicher File/Other/Other 59 KB
. Space oo Default Uncontrolled 2024-09-20 13:39:24 Josh Reicher Folder
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Multi-Domain Collaboration
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B3 Dashboard % [@ PROJ-000014 % #1000494 X

8 PROJ-000014 [ ¥¥

==
-

® Navigate ~ ﬁ

Project

Name
SearchAndFind

Description

Define a new UAV sensor capability to augment the search
and rescue efforts of existing SARSAT systems

-  Work Requests Tasks File Folder CAD Documents

& Identities ~ Y7

Page: 10of 1

7 Results

Child Projects Roles

5 ¢ Q® o B o
= Name Role
D
Josh Reicher Manager
John Vergere System Engineer
John Thompson Mission Engineer
Peter Douglass RF Engineer =
Eli Vidana Analyst
Adam Pederson Analyst
Jordan Teich Optics Engineer
J—

-(: Share sse

User-defined
roles

« Assign members to

CAE Manager

52318

Methods Devs
IT admins

CAD Engineer

Other requestors/
consumers

ok 2

Program/Project
Manager
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Assemble New Design Reference Mission
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« Select range assets to use in a new DRM
* Auto-launch STK mission simulation application from Minerva
« Data files seeded into new mission scenario

Name

Regional _C2_Rx.r3

SeaTestRegional_C2.73 Run Local (Ansys STK) X
Faci_Servo.sn3
Input File
SeaTestFacility1.f
Global_C2.f x n

Fac3_Servo.sn3

. Additional Files
Regional _C2_Tx.x3

Facl_Sensor.sn
Faci_Sensor.sn3 Fac2_Sensor.sn
Fac2_Transmitter.x3 Fac3_sensor.sn
Fac4_Sensor.sn

oMM MK

Fac1_Transmitter.x3 SeaTestFacilitv f
Faci_Servo.sn Output Folder
Global_C2_Txx !

SeaTestFacility1.13

Global_C2_Tx.x3

Regional_C2_Rxr
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Use and Re-use Design Reference Mission
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* Design Reference Mission can now be used as a baseline for mission planning

« Assembled design reference missions can be saved back to Minerva as alibrary for re-use and
iteration

File Folder > DesignReferenceMission

| (C Refresh || & Copy URL || s Download || * Open || Properties |

Mame Rev Eranch Siate Date Modified Modified By
- ComponentCatalog 001 Default Unconirolled 2024-06-07 11:31:55 Josh Reicher
. Cospas_Sarsat_Program 001 Default Uncontrolled 2024-04-01 10:56:43 Eli Vidana
. Eqlin_Test_Range_Search_And_Rescue 001 Default Unconirolled 2024-09-20 11:29:06 Kyle Koche
. Mountainous_DRM 001 Default Unconirolled 2024-07-18 14:43:32 Cal Van Doren
. Mountainous_DREM_Multi 001 Diefault Uncontrolled 2024-08-20 11:22:30 Kyle Koche
. SAR 001 Default Uncontrolled 2024-04-01 10:56:43 Eli Vidana
. SAR_withEQIRSensingConst 001 Default Uncontrolled 2024-07-24 10:49:10 Kyle Koche
- SeaTestRange_OpticalTest 001 Default Unconirolled 2024-09-20 17:29:42 Josh Reicher
. Sea_Muli_UAY_DREM 001 Default Unconfrolled 2024-07-19 10:19:37 Kyle Koche
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Linking From Standard Object File Catalog
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Mission 1
Antennal
?Sensorl
Mission 2
Object Catalog
— Antennal
Antennalé —— Antenna2
Antenna2 —=

Mission 3
Sensorl < |
AirspaceZ — |
— Antenna?2
> Sensorl

— AirspaceZ
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Minerva Provides “Sneak-peek” of DRM
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 Cm— A « Through metadata extraction, Minerva shows all the
n e assets in a DRM and their core properties
nsys / MINERVA

Contents o B omome xR vex @ prosooonit x [ conmsans x Wcors ¢ * A built-in 3D viewer can also be accessed to preview

22 anplications LayeredConstellation.vdf revooix = ¥ .
Data > Wild stedission > DesignReferenceMission t h e D R M I n t h e W e b b ro W S er
== A £+ Refresh @ Navigate v < Share v i Download g RUN ¥ eee

EJ change Notices

.= pashboard ~  Preview Properties Digital Thread Depends On
-

| e ActiveCov
L —
m — I\nsys / MINERVA

Discussions
_l eFmSimpleCoverage = B Dashboard x M, Data x @ PROJ-000014 X CommsSati1l.sa.. X
E b |:= Contents

Jobs GSD : ~

e~ B LayeredConstellation.vdf revooi E %
B Project 155 Appkcatides a!\\Wﬂyﬁre]ntegramd‘rl‘s;cn>DesquRe{erenceV»‘\sswﬂ
rojects &3 Assignments
_ eFmAccessConstraint o4 m £ Refresh | () Navigate v o2 Share v | |, Download 47 Run~  ees
Tasks - K change Notices
Facility -
L _ B3 Dashboard
@ verification Plans Gilmore_Creek_Alaska_GLC_ =
1y DatA SatToSat20 to SafToSat5
3 verification Reports My piscussions
(64.9764,-147.5208,0.303072844630677) & Jobs

Work Requests .

* Receiver & Frojects
Receiver Yo

@ Verification Plans

Simple Receiver Model 3 Verification Reports
14.5

True N Work Requests
True

0.1

0.002

20

Sioux_Falls__South_Dakota__LGS_

(43.7361,-96.6225,0.460178577354022)

Receiver

<«

17x
Avg 72088 @cesiumion

Receiverl

19:31:25 UTC
.- - \ <nl»

[EooTe ¥ ouTC ‘ o : A8 2013 0RO UTC A8 2018 2000 UTC
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Example DRM: Aircraft Sensor Detection System for Search & Rescue
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CommSat32

P i &

. \
P \\
Vs |
; |

3 \  CommSat13

/ N

Bl ®Facilitya /
A . 7Reg:i.ona1_c2 :
3 inanemEacilityl eG1
5~ e e
? #Facility?2
®Fac i«l‘iy/

%

-

e DownedAircraft

17 Jun 2624 23:09:14.335 Time Step: 5.00 sec b
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DRM Library Use Case
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 Ansys Minerva can host a library of DRMs (ModelCenter wrapped STK + other simulations),
presented to users as “Apps” within Minerva

« User selects inputs (parameters, input files etc.) from Minerva for use on user’s local workstation
running individual desktop tool(s)

 On completion, bring the output file(s) back to Ansys Minerva

I\nsys MINERVA DRM Server

ER— N D [ i

optional |+
e AT D — = - g
> — x —

_ Choose Inputs Output Parameter Doc Verification Plan,
Select from Library of (Parameter Docs) imulation fil
DRMs Simulation file report
= =
c O B
§ 2/
S E JSl]l:
a 2 v ] ‘ Any other N
g' =) fi| desktop | —»
8 D tool
STK
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Define Workflow for Varying DRM Parameters
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1. Wrap the STK mission simulation in a ModelCenter workflow
2. Parameter File from Minerva used to vary sensor parameters
3. ModelCenter links outputs from parameter file to inputs in STK DRM

FE Link Editor - O x

t4f UAVOptics_Parameter_File revooi* (i

25 Refresh  ¢*° Promote @ Naviga

. Parameter Document Digital Thread

2 "
K D &3 4

WireView  TableView Query View

DetectarPitch = Model Sensor_Parameter_File sensor_detector_pitch

5§ Model =i 3 Model
== Sensor_Parameter_File +- = Sensor_Parameter_File
UAVOptics_Parameter_File (Section) %+ export_location = sTr12
Sensor Focal Length = 1.3 [m] (Number) ¥ sensor_haff_angle |- [4 SeaTestRange_OpticalTest

¥ sensor_focal_length —|- 2 SearchUAVLarge

faud sensor_detector_pitch] =[5 Smple_Sensor'
= s5TK12 - [ Resolution
3 % Focallength
PO Do cotorPich
l a +-[4 Access

Write_Results_to_...

Sensor Detector Pitch = 0.0012 [m] (Number

M O d eI Ce n ter View Precedents View Dependents
workflow [ ok | e
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Continue Workflow for Varying DRM Parameters
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4. ModelCenter links outputs from STK DRM to inputs of results script

5. Results script writes results to a text file
6. Results file is saved back to Minerva for comparison against requirements

1Z5) Link Editor - O x
L2 H m SHE 4L
Wwire View  Table View  Guery View
al_access duration = Model STR1Z.5eaT estRange_OpticalT est Access Aircraft_SearchUAWLarge_Sensor_Simple_Sensorl_to_Ship_DownedAicraft Access_Data Duration.Total
= = 3 Model = 3 Model
: 4 +- = Sensor_Parameter_File +- = Sensor_Parameter_File
Sensor_Paramete - sTr12 - 5TK12
-+ SeaTestRange_Optical Test == Write_Results_to_t«t
+- 4 SearchlUAVLarge 4 total_access_durat
—|- 4 Access %> mean_gsd
—|- 4 Aircraft_SearchUAVLarge_Sensor_Si
- 4 Access_Data
= F4 Duration
- _| Sensor_Results.txt - Motepad 6 X*_
N ] - 4 Constraint_Data
File Edit Format View Help =[5 FromGround SampleDistance
¥ Mean
Write_Results_to_... INPUTS +- [ Wite_Results_to_txt
¥ Focal Length = 1.3 m
@ Detector Pitch = 8.80812 m
< >
OUTPUTS Yiew Precedents Yiew Dependents
MOdelcenter Total Access Duration = 61.34 s
Mean GSD = 9.24 Help
workflow i
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Compare Mission Results Against Requirements
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« Use Verification Plans and Reports to assess mission outcomes against requirements

MINERVA

ashboard X My Data X {lf Cruise x % $1§ New Comp: x x [ core_Engine_wi.. x [} outputparamp.. x (@ vP-00002:Aircr... 3

© VP-00002: Aircraft Engine Performance Check revar [X ¢

7 Refresh ® Navigate v ﬂ F

A Verification Plan

® VP-00002: Aircraft Engine Performance Check revar [ v

€7 Refresh | (©) Navigate v [f] Reports © & Share v s

~ Verification Plan

Title Report Title

Aircraft Engine Performance Check A Variables Checks

Aircraft Engine Performance Check Report

Instructions @ Checks v 17
Check the performance of the Engine
k i & . | Hidden v ~ v 3

Configuration against the Design objectives 4 o < ® o il €
Number Title Description Severity Pass Criteria Link Requirement [...]
080 Fuel Ratio Check [ Eror fuelRatio > 0.03 Simulation Requirement pdf
081 Fan Exit Velocity Warning fanExitVelocity > velocityLimit requirement docx

PO Variables [Ghecke 082 Outlet Temperature Check Ideally, exhaust temp should be <500°C Information convert(T0S, 'K, 'degC’) < 1000 [**C"] Simulation Requirement.pdf

@ Variables v 1y

< Pre Next > Page:1of1 3 Results
5 %1Q @me V)i B 6

Sort Order ‘ Name [ Label W Data Type { Default Value [...] Pattern Help Text Input File? ‘ Report Templ...
128 OutputParam..  OutputParam.. File
256 fuelRatio Fuel Ratio i next(0: Doc.get(Relati A d: d.name== O
384 T05 .. i next(Ox Doc.get(’ D) d: d.name==. (]
512 POS Pressure 05 i next(0: Doc.get(Relationships’, [). d: d.name== O
640 P02 Pressure 02 i next(0: Doc.get(’ 4 d: dname== O
768 T02 i next(0 Doc.get(! ips’, ). d: d.name== (m}
896 fanExitvelocity  Fab Exit Veloc. next(0 Doc.get(! A} d: d.name== (m}
1024 velocitvLimit ~ Velocitv Limit .. Integer 200 m
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Compare Mission Results Against Requirements
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- i 001.001 :
X

3 Aircraft Engine Performance Check Report [ ¥

[ @ VP-00002: Aircraft En...
\3 o O . -
P8 ¢ Refresh Promote @ Navigate v < Share v oo
~  Verification Report
it s o)

New Compr...

Title Status Completed
Aircraft Engine Performance Check Rep... m 06/19/2023 04:13:39 PM
Maggie Simpson
Checks -
>Qk£rror
» 10 Warning A Verification Report is

generated when all the checks
are performed

>€)0 Information alert
> &a0 Override

>&?2 Passing checks
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Updating Assets
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« Results of mission simulation can inform changes to asset files

Version Focal Length Detector Pitch Total Access Ground Sample
Duration Distance

1 1.3m mm 0.0012 M = 61.34S =m 9.24mM mm

2 11m § 0.0008m § 72.39s 4 7.44m B

Revisions for Simple_Sensor1.sn

Tree Revision State
T 001 €% Im Work
+ 001.001 Superseded

Description

Default

Modification
2024-09-23

2024-09-23

15
23:02:08 by Eyle Kochel

23:02:04 by Eyle Kochel

Release

2024-09-23 23:02:04

 All linked items to this object will now use latest parameters

..?v
14
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Preserving Full Digital Thread Traceability
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/
/ MINERVA

B3 Dashboard x [ PROJ-000014 x 352 Applications x {4} UAVOptics_Par.. x {lf Sensor_Param
#1000527 rev001t (Com E %
m £ Refresh ® Navigate ¥ i o’; Share v

Input  Output Jobs Digital Thread

Relationship Legend

Bl c~

I Dependency

v
nput/Output
W vaterial

Version

+ |7' Facl_Trans... 001.001 :
i LT

—  #1000523-Ass.. 001 :

ns X fl§ UAVOptics_Pa

r. % [J seaRangeTest_. x [ #1000527 x

* Not just the “what” but the “why” behind design decisions and changes

* Enhanced collaboration

..?v
14
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The Problem to Solve
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o o Traceability and
Decisions O Connectivity
Require Information Ala Require Data and Configuration
Management
Information Q% GROWING COMPLEXI_
Context

Single Multiple @
Analysis Analysis

¢

Requires Context

Context A s
Requires Traceability / = A
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In Review...
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« DRMs are essential to modeling missions and verifying requirements

 An SPDM system, such as Minerva, provides a central repository for storing and reusing information
« Standard object catalog for test range assets
« Assembled DRMs

« SPDM system enables accelerated methods for creating DRMs and launching workflows through
custom web apps

- SPDM system provides full traceability of the digital thread, preserving the “why” behind the data and
the processes involved

TR 2024



Questions?
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Kyle Kochel

Application Engineer, Digital Engineering Lab
Ansys Government Initiatives (AGI)
kyle.kochel@ansys.com
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