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What we do: Simulation Solutions from Mission to Microchip

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

For a digital acquisition process to provide utility greater than the adoption cost it is 
not enough to deliver/receive “flat” artifacts like SysML diagrams. The deliverables must 

be executable within a framework that simulates, to the highest fidelity available, the 
intended mission. In addition, those simulations must be executable by the acquiring 

office and the contractor alike.

• Key tenants:

oExecutable models are key to realizing the benefit of digital engineering

oSimulation artifacts must be accessible/executable by both sides

oThe format of simulation delivery can vary and should be specific to the acquisition
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Dataflow for Simulation-Based Acquisition
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Design component 
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mission set
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(Ansys)

System 
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results from other 
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Government Reference Architecture (GRA)

• Intended mission is baked into the 
elements provided

• Room for contractor adding 
components that they intend to 
deliver

• Performance requirements 
specified within model

GRA built to integrate with simulation 
formats the CDRL written accordingly…
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Contract Data Requirements List (CDRL)

• Data delivery requirements can be written to take 
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

Expected simulation deliverables to link 
to GRA should be outlined in CDRL…
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How to Deliver Simulation?
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Contractor Updates GRA

• Add design component to GRA

• Update instance specifications 
to match inputs to simulation 
models

But how do we link simulation 
that’s also deliverable?
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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? 

The right answer is situational, hence the need for CDRL writing 
to request the right format of simulation delivery
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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 API from 
any vendor tools

• Behavior must be defined via script delegates

Ansys Behavior Execution Engine
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Option 1 – Component Delegates Executed through State Machines

• Pros

• Full engineering simulation

• Can use performance-based model
• Don’t have to expose full design

• 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

• CDRL Considerations

• State machines must be written and 
delivered for all components (GRA)

• Delegate code must be delivered
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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

Ansys ModelCenter MBSE
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Option 2 – Parameterized Models through Toolchain

• Pros

• Full engineering simulation

• Scripting allows for any tool

• ROMs, FMUs, blackbox simulations

• Cons

• Access/licenses required for all tools

• Rigid workflows, IT work required

• CDRL Considerations

• “Blocks” are individual tool scripts 
with input/output

• Top level workflow must be provided 
with inputs/outputs exposed

• Workflow can either be executed 
alongside SysML or integrated through 
ModelCenter MBSE
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Option 3 – Reduced Order Models (ROM)

• 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

Ansys TwinBuilder
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• Pros

• Simple, easily executable

• No additional licenses 
needed on acquisition side

• Protects IP for contractor

• 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?

Option 3 – Reduced Order Models (ROM)

Actual Behavior Physics Model + CorrectionCorrection Model
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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
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Option 4 – Contractor Hosts Executable
• Pros

• Protects contractor IP while allowing full simulation

• 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
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Option 5 – Scripts through Opaque Expressions

• Add state machines to existing GRA

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

• Theoretically these scripts can reach out 
to any APIs, ROMs, etc.

• Large scripting effort

• Requires all underlying physics to be 
embedded in scripts
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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
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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 
little setup 
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• Pros

• Full simulation fidelity

• Full context available to 
acquisition office

• No additional time on 
contractor side to “create” 
deliverables post-design

• Cons

• Licenses required

• No IP obfuscation

• Non-trivial time to learn 
and then execute models

• CDRL Considerations

• Tools used for models 
specified 

• Types of simulation 
files/formats specified

• Guide for executing models 
from raw design tools

Option 6 – Deliver Original Simulation Content
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Acquisition Office Process

• Receive Contactor proposal artifacts 

o SysML Model

oData showing requirement satisfaction

▪ Defined by CDRL

o Simulation capability

▪ Defined by CDRL (options previously shown)

• Compare analytical results

o Execute models from both contractors, compare direct mission 
performance metrics

oCompare cost and delivery estimates from both contractors

oPerturb model inputs and understand design behavior under 
corner cases

• Make an informed decision

Contractor 1

Contractor 2
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Example Use Case
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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

Let’s look at one example mission...
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Example Mission

1. Aircraft is downed in mountainous region

• Starts emitting distress beacon

2. Overhead sensing satellite picks up beacon

• Determines approximate location

• 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

1. Component (sensor system) is going to be part of a larger system (UAV)

2. Detailed design will include complex physics

➢Would be difficult to script an equivalent

3. Sensor component will impact mission outcomes based on sensing behavior

4. Many inputs required to determine sensor detection performance

➢Lighting, geometry, sensor physical characteristics, sensor pointing

So how should we deliver such a design?

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

✓Ansys software can enable simulation directly against SysML structures 

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

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


