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What we do: Simulation Solutions from Mission to Microchip

Domain and Mission

From the crucial role of open

50+ Years of Innovation QU @ D environments to the essential
Industry leading solutions across physics, @ R prmapleg of implementation,
= Ansys invites you to explore

systems, safety, materials, and missions

g
* Intelligent, open, and agile platform to @
evaluate overall system performance "%1

*  Only company that can support CONOPS to  —

how organizations can unlock
the transformative potential
of digital engineering.

Wf\\

detailed engineering for RFP responses

30+ Years of National Security

Expertise

* Deploying modeling and simulation in
the national security environment

¢ Classified business and technical

* 375+ technology partners

Expertise support
* Space systems *  Program capture and program
e Aircraft and UAV systems execution

* Able to support you within your
environments
* FEDRamped

Communications and
radar analysis

Missile defense
Intelligence, surveillance,
and reconnaissance

But how can this simulation fit into a deliverable
architecture?
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Problem Statement

For a digital acquisition process to provide itis
not enough to deliver/receive “flat” artifacts like SysML diagrams. The deliverables
within a framework that simulates, to the highest fidelity available, the
. In addition, those simulations must be executable

Key tenants:
Executable models are key to realizing the benefit of digital engineering
Simulation artifacts must be accessible/executable by both sides

The format of simulation delivery can vary and should be specific to the acquisition
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Dataflow for Simulation-Based Acquisition

Amended GRA / \
(SysML) Performance vs.

Requirements

System Simulation Linked to Requirements \ /
(Ansys)

Performance vs.

CDRL Requirements
GRA (SysML) . _
Design component Run target mission set
within GRA, create and generate
executable artifacts System requirement validation
verifying requirements Simulation reports/material
Contractor
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Government Reference Architecture (GRA)
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Contract Data Requirements List (CDRL)

CONTRACT DATA REQUIREMENTS LIST
i

am)

* Data delivery requirements can be written to take o e P —
advantage of simulation-based digital acquisition .| = |

* Requesting delivery of structures in SysML

* Requesting format of simulation artifacts

* Requesting data in open formats enables tool decisions (no
vendor lock)

* Simulation artifacts should be required to deliver with
walkthrough and execution information

* Simulation results documented such that they can be —
reproduced on either side
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Contractor Updates GRA

* Add design component to GRA

» Update instance specifications
to match inputs to simulation
models
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Key Considerations for Delivering Simulation

How much setup/IT work is needed to execute the delivered simulation?
How much work is needed to create the simulation artifacts?

How accurately does it represent the true design?

Can the simulation be executed within the mission context?

What access or licensing is needed to execute simulation?

How much contractor IP is exposed?
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Option 1 — Component Delegates Executed through State Machines

* Integrate added model into state machines or behavior
diagrams

* Ansys BEE is simulation engine, but could use APl from
any vendor tools

* Behavior must be defined via script delegates

teDetection() {

Approved for Public Release

T systeminit(};

Waiting for
Dispatch

launchi} #
computeRoutelnfo(};

Flying to
Search Area

[ﬂ fter (ingressTransitDuration)

o ——

when (objectDetected) /
evaluateDetection();

Searching

Evaluating
Detection

Flying
Overwatch

Landed

}a fter (egressTransitDuration)

Returing to Base

when (fuelStateLow )/
returnTeBase();

[elze]

TreturnTuBa sel)

after (categorizationDelay )

[taltyHo] /
relayDetection(};
holdinsreai);

\nsys
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Option 1 — Component Delegates Executed through State Machines

* Pros

, _ , _ * CDRL Considerations
* Full engineering simulation

e State machines must be written and

* Can use performance-based model delivered for all components (GRA)

* Don’t have to expose full design

* Delegate code must be delivered

* Integrated directly into SysML
* Built into existing GRA

* Cons

* Access/licenses required for all
tools

* Could be too complex for systems
with simple behavior or
relationships
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Option 2 — Parameterized Models through Toolchain

* Create toolchain via APIs or existing ModelCenter plugins

* Inputs perturbed, run through actual simulation tools,
mission outcomes re-simulated with full fidelity

* Design tool that can then be shipped as a ‘deliverable’

* Script components, ROM'’s, FMU’s can be part of chain \nsys @ python .STK
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Option 2 — Parameterized Models through Toolchain

* CDRL Considerations

* Pros
* “Blocks” are individual tool scripts

* Full engineering simulation
with input/output
* Top level workflow must be provided

with inputs/outputs exposed

* Cons :
* Workflow can either be executed
alongside SysML or integrated through

* Access/licenses required for all tools
* Rigid workflows, IT work required ModelCenter MIBSE

* Scripting allows for any tool
* ROMs, FMUs, blackbox simulations

o R AP L

LS-Dvha I atlab S CM astran
Tool

g

g 2 -
mop B a b=
=T : M B 5 [FLa
Abagqus Adarnz AMSYS Behawior Catia Corvverger Excel Export To Fluent Frill HFSS |mpaort From Loop
techanical Executi... Minerva Minerva
: — &) 2t = > @, >
P L B 8 B » & &
Other... Frobabilistic...  Quick™frap  RSMToolkit  Simcentetd. Solidwiorks STEDatMet TwiC |dzer Task WB Script Al Input =ML Output
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Option 3 — Reduced Order Models (ROM)

ROM Generation Process

Simulations are run to fully cover the operational envelope of the system

ROM (or ROMs) are response functions fit to output data abstracting away simulation

Intermediate correction models can be fit to reconcile delta between ROM and sim

ROMs are exported as FMUs or in containers not requiring specific tools to execute

Stage 1l

Stage 2

Input #1 Input #2 Input #n
(stepinput) —I_ (stepinput) _,_ . (stepinput) _I_
CFD/F! i

)/FEA solving CFD/FEA solving

Systemresponse Systemres| ponse Systemresponse
to input #1 f to input #2 /\/\ to input #n /
- | >
ROM simulation
YyYyY
Actual inputs ROM solution
(for1,2,..n &
ROM solving to actual inputs
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Option 3 — Reduced Order Models (ROM)

* Pros
* Simple, easily executable

* No additional licenses
needed on acquisition side

e Protects IP for contractor

01 —— True Output
—— Predicted Output (without residual)

Signal Value

o] 50 100 150 200 250
Time Steps
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* Cons

* Large data repository
required to create

* Opaque to acquirer, limited
context on results

* Only valid within bounds of
the training data

* CDRL Considerations

* Specify the export format
(FMU, container, etc.)

* What inputs must be
exposed to be able to
evaluate mission cases?

Extrapolation Data

T

04 —— True Output

—— Predicted Output (without residual)
]

}
T T T T + T
0 50 100 150 200 250
Time Steps

\nsys GOVERNMENT INITIATIVES (AGI)



Option 4 — Contractor Hosts Executable

* Executable models stay within contractors
network/environment

* Acquisition office can ping executable models with
known inputs/outputs

* Ansys ModelCenter can chain together tools from
multiple remote sources with tools locally as well

* Alternatively, models can be FMUs or other
executable and pinged directly

* Potentially contractor can even host larger
simulation environment which acquirer can log into

Approved for Public Release
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W Configure Esternal Tool

Server Mame: |
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Connect s
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Option 4 — Contractor Hosts Executable

'ﬁ:}’ farvorites:
[l £ comman;

© PrOS Server Browser
[ [} [ [ %
* Protects contractor IP while allowing full simulation i

I prOCEess;

---h_;. component plug-in;
- = merendAocalhost

[ = mere:/dewinserver(l

* Acquiring office can pull together multiple
contractors models

* Cons
* Large IT workload

* Contractor has to expose network ports or setup
cloud environment externally

* CDRL Considerations

* Format and connection type must be explicitly
stated

* Inputs/outputs for model defined

©2024 ANSYS, Inc. // Approved for Public Release
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ption 5 — Scripts through Opaqg

* Add state machines to existing GRA

* To execute model, opaque expressions
call MATLAB, Java, etc. scripts

* Theoretically these scripts can reach out

“stm [State Machine] Cir_ABC_LargeUAV [ {I5{ Clr_ABC_LargelUAY ]J

ue Expressions

Body and Language

Edit Body and Language
Select language from the language list and specify body in a dedicated editor.

Language:

English

JEXL

JavaScript Mashorn (deprecated)
JavaScript Rhino

ModelCenter

Python

Jython

50L

-]

B €

[B2] Specification of Transition <>

to any APls, ROMs, etc.
* Large scripting effort

* Requires all underlying physics to be

I systeminit(y;

Specification of Transition properties [

Specify properties of the selected Transition in the properties specification table. Choose the Expert or All options from the
Properties drop-down list to see mare properties.

embedded in scripts

Waiting for A
Dispatch ‘ Landed ‘ P
launchi} / _—
computeRouteinfo(); after (egressTransi lEE 15| z <
P o sition:aiter (ingressTransitDuration) [ A AR P IR Rt T
5] a8 3
ng’i ocumentation/Comments.
Search Area ‘ Returing to Base avigation/Hyperlinks B Trigger
. <age in Diagrams Event Type TimeEvent
after (noressTransiDuration) | wynen (fugiStateLow) returnl nner Elements Trigger Triggerafter (ingressTransitDuration) [SAR_...
returnToBase(); elations Event Element ™ TimeEvent after (ingressTransitDuration) [5...
495 Name
traint:
onstraints When ingressTransitDuration
raceability
llocations Is Relative true
. o v [el5E] Element ID _2022x_1_f3e035b_1721377300250_486335_4579
i - Documentation
when (objectDetected) / 1 Port
evaluateDetection(); B Eftect

after (categorizationDelay}) Behavior Type OpaqueBehavior

|
| Detection

Behavior Element @?g [SAR_Sensor:Ctr_ABC_LargeUAV:C
A 5ody and Language
Name
tallyHo] / .
relayDetection(); Owned Diagram
= v holdinArea();

Body and Language

Qverwatch r Body and Language

Q Type here to filter properties
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Option 5 — Scripts through Opaque Expressions

* Pros

* Very flexible via scripts

* No additional licenses (outside of Cameo
and any scripting languages)

* Cons

* Full performance must be coded

* Scripts are rigid, large workload to amend

models

* CDRL Considerations

* Language options

* GRA state machines must be amended and
delivered for new components

21 ©2024 ANSYS, Inc. // Approved for Public Release

[B¥ Body and Language X
Edit Body and Language
Select language from the language list and specify body in a dedicated editor.

Language:

English ~
~

JEXL

JavaScript Mashorn (deprecated)

JavaScript Rhino

ModelCenter

Python

Jython

50L v

L)

“stm [State Machine] Cir_ABC_LargeUAV [ [ Cir_ABC_LargeUAY ]J

Specification of Transition properties
1 systeminit()
systemini(); Specify properties of the selected Transition in the properties specification table. Choose the Expert or All options from the 7

Properties drop-down list to see mare properties. =

[ Waiting for | ) .
Dispatch ‘ Landed

launchi) / !
computeRouteinfo(); =)
§ after (egressTransit & o 2 &=
Pl Transition:after -:|ngress‘rransutDuratmnjl =8 (= == abe Properties: | Standard v
Wmer ) i - cumentation/Comments
‘ Search Area ‘ Returing to Base wigation/Hyperlinks B Trigger A
{ | ag¢ in Diagrams Event Type TimeEvent
after (noressTransiDuration) | wynen (fugiStateLow) returnd || © ner Elements Trigger Triggerafter (ingressTransitDuration) [SAR_...
returnToBase(); lations Event Element ™ TimeEvent after (ingressTransitDuration) [5...
i 9= Name
straint:
netrants When ingressTransitDuration
aceability
Allocations Is Relative [ true
—_— Element ID _2022x_1_f3e035b_1721377300250_486335_4579
. of " L [elsg]
1 - i Decumentation
when (objectDetected) / Ll i Port
evaluateDetection(); B Effect
( ) after (categorizationDelay}) Behavior Type OpaqueBehavior
| Detection Behavior Element @?g [SAR_Sensor:Ctr_ABC_LargeUAV:Ctr_ABC...
Moodyandlanguage |
Name
[tallyHo] / ;
relayDetection(); Quned Diagram 8
|' = . holdinArea(); Body and Lang
| Overwatch Body and Language
< > | | QL Type here to filter properties

Close Back Forward Help

[BZ] Specification of Transition <> x

‘---'-



Option 6 — Deliver Original Simulation Content

* Final executable models are delivered to the acquisition office @

* Simple components of overall acquisition

* Cost models, link budgets, transfer functions etc.
* Gives full context to the acquisition office however IP is exposed

* Not feasible for large designs with many tools
* Cost prohibitive
* IT prohibitive

* Compiled code in native OS languages can be executed with very ‘\P (ATLAR
little setup '
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Option 6 — Deliver Original Simulation Content

* Pros * Cons * CDRL Considerations
* Full simulation fidelity * Licenses required * Tools used for models
* Full context available to * No IP obfuscation specified

acquisition office * Types of simulation

files/formats specified

* Non-trivial time to learn

* No additional time on and then execute models
contractor side to “create” * Guide for executing models
deliverables post-design from raw design tools

@)t snim g Ansys
<\ MATLAB L @
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Acquisition Office Process

SysML Model

Data showing requirement satisfaction
Defined by CDRL

Simulation capability

Contractor 1

Results

Completed: 9/12/2024 9:20:03 PM

Mame
El I;.é Model
4 7 ProjectUsages
4 4 DiAcg_GRA
4 {7 SARContext
4 [ Ajrcraft
4 Aircraft

Value Change  Delta

Defined by CDRL (options previously shown)

Execute models from both contractors, compare direct mission
performance metrics

Compare cost and delivery estimates from both contractors

Perturb model inputs and understand design behavior under r

= 4 defaultCruiseAlt a000.0 T 9000.0
= > maxRangeAirspeed  140.00 T 140.00
4 & SAR_MissionContext
g Ctr_ABC_GlobalC2
w» > searchDuration 34819 + 3.4819
=» ¢ totalMissionDuration 4.4562 T 4.4562
[¥] Execution Plan 1 x | B Result 1* x -
Requirements
Results Name sSatisfied Margin
_ Name Value & M-2 Recovery v 1.5438
4 55 Moddl & M-1 Search v 051807
4 & ProjectUsages
- & DiAcg_GRA
4 & SARContext
4 & Aircraft
4 Aircraft
< € defaultCruiseAlt 8000.0 T 9000.0
= @ maxRangeAirspeed  140.00 * 140,00
4 7 SAR_MissionContext
4 Ctr_ABC_Globalcz
=+ & searchDuration 3.2615 * 3.2615
= @ totalMissionDuration 5.8350 T 5.9350
Requiremen it
Name satisfied Margin
M-2 Recovery v 6.5018E-2
M-1 Search v 0.73847
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Simulation Based Use Case

* Acquisition office releases RFP for new airborne search and rescue optical sensor

* Requirements on mission performance and cost/weight etc.

* Many sample missions included in the request
* Multi-terrain and condition performance

* Choice of platform depends on weight and performance of sensor

* Two primary contractors bid (with design choices that effect the rest of the system)
* One proposes singular large, powerful, expensive system

* Two proposes lighter, cheaper sensor that can be replicated easily
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Example Mission

1. Aircraft is downed in mountainous region

* Starts emitting distress beacon

2. Overhead sensing satellite picks up beacon |
® DownedAircrafit

* Determines approximate location A e LR

* Alerts global C2 via satellite constellation

3. Global C2 transmits search region
to regional C2
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Example Mission cont.

4. Regional C2 dispatches search UAV w/ proposed
optical sensor

* In one case single higher, faster UAV in other
case multiple smaller UAVs

5. Optical sensor picks up downed aircraft

* Search UAV goes to holding pattern and
transmits coordinates to regional C2

6. Regional C2 dispatches rescue team

7. Downed passenger recovered and returned to
base
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Delivery Considerations for Use Case

Component (sensor system) is going to be part of a larger system (UAV)
Detailed design will include complex physics

Would be difficult to script an equivalent

Sensor component will impact mission outcomes based on sensing behavior

Many inputs required to determine sensor detection performance

Lighting, geometry, sensor physical characteristics, sensor pointing

Component delegate simulation with full fidelity? Sensor ROM delivered and easily executable?
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Conclusions

Ansys software can enable simulation

Without the ability to execute simulation , “digital” deliveries are more
efficient but no more useful than paper acquisition

Each requirement has different simulation needs, we must
delivery if the results are meant to be reproducible (i.e. reduce pre-post processing)
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