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DIGITAL TWIN
OBJECTIVES

A digital twin is a virtual

. . ACTIONS &
representation of a physical system, RECOMMENDATIONS
product, or process that dynamically
updates based on real-world data to
provide insights and improve
operations [SoftServe].

« Support design
« Assess the present
 Reuvisit the past

e Predict the future
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MANUFACTURING DIGITAL TWINS
FOCUS USE CASES

PRODUCT DESIGN

+ Collaborative design

» Virtual team
collaboration

+ Virtual product
build-up

FACTORY DESIGN

Factory layout design
Factory/Plant Simulation

Manufacturing Processes
/ Production line
simulation

Virtual commissioning

Virtual team
collaboration

PRODUCTION
PLANNING

What-if scenarios /
simulations

Schedule verification

Optimize warehouse /
inventory design and
flow

Increased OEE, navigate
potential bottlenecks &
machine failures

PRODUCTION WORKER TRAINING &

CONTROL PLANT TOURS
Shopfloor + Virtual training
transparency

Machine configuration
Quality Control
Online Diagnostics

Predictive
Maintenance

<ANVIDIA
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INDUSTRIAL METAVERSE | DIGITAL FIRST

PRODUCT MANUFACTURING
DESIGN PLANNING FACTORY, PRODUCTION PLANNING
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ggal physics, CFD, Sl (i Balandng validation Performance, Bottleneck, selection, Design Validation, Validate equipment
Sk Electrical, y 'otc) & AGV, AMRs, What-if- Cycle time optimization, software / PLC code fully
a 2 lighting, etc. Scenarios Operation Sequence virtual
CR Validation, Collision checks
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PLM (PDM, Data governance)
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INDUSTRIAL HIGH-FIDELITY SIMULATIONS

Rigid body dynamics Structural Mechanics

« body motion « stress,

« kinematics » strain,

« contains « materials

. collision deformation

Fluid dynamics

Heat transfer Electromagnetic

laminar flow « conduction * wave propagation
turbulent flow « convection * induction
compressible « radiation « eddy currents

incompressible
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MULTIPHYSICS SIMULATIONS (e E—

Deformation Deformation

. . . . . . . . ’ Fluid Pressure
Multiphysics simulations involve the simultaneous modeling of multiple | S8 e 5V
Ah ‘ ’
. . . . Al Ah
physical phenomena that interact within a system. — :u:.p | =
He:tl'l‘rans;er FVM Fluid model Fluid Temperature
i pe,V VT -V (V1)

O
v = b, Enerey | Equation
L L

o

FEATURES

« Cross-Domain Interactions Elecromagnerc M Hear Transter
« High Accuracy
 Solver Integration w— —

Reactions Mechanics

« Scalability

CHALLENGES
« Computational Intensity + Data Management o
Solver Coupling « Accuracy and Validation R,
* Mesh Generation and » Interdisciplinary Knowledge

Adaptivity « Software Interoperability

« Time Synchronization

« Boundary Conditions
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UNIVERSAL SCENE DESCRIPTION (OpenUSD)

WHAT IS OpenUSD?

Extensible software ecosystem for constructing, packaging, assembling,
simulating and collaborating on 3D projects

Robust interchange with its expanding set of schemas and standardized

core APIs
-3 NP2
DJ 71>

Geometry Shading Lighting Physics

Combine assets into larger assemblies and enable collaborative
workflows

ALLIANCE FOR OpenUSD (AOUSD)

Open, non-profit organization dedicated to promoting the interoperability
of 3D content through OpenUSD

Heterogeneous 3D Data Interchange for Virtual Worlds
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https://openusd.org/release/index.html
https://aousd.org/

NVIDIA OMINIVERSE

Platform to Develop OpenUSD-Based Industrial Digitalization Applications

NVIDIA Omniverse™ is a platform of APIs, SDKs, and services that enable developers to integrate OpenUSD,
NVIDIA RTX™ rendering technologies, and generative physical Al into existing software tools and simulation
workflows for industrial and robotic use cases.

Developer Applications

I
APlIsand Services SDKs
USDWrite USDRender USD Notify OpenUSD n B
USD Query O&r;ixﬁgﬁe App Streaming Kit Ey O
I g8
] 0
&)
NVIDIA PN
| Omnivers N7
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https://www.nvidia.com/en-us/omniverse/usd/

NVIDIA OMINIVERSE

Industrial Digitalization Applications and Use Cases

Developers across industries are building physical Al and industrial
simulation applications with OpenUSD, Omniverse SDKs and APIs.

VIRTUAL FACILITY SIMULATION FOR GENERATIVE Al
INTEGRATION PHYSICAL Al FOR DESIGN

Develop physically accurate Provide physically accurate world
Digital Twins of massive facility simulation, sensor simulation that Leverage Generative Al for Design
layouts, simulations, automation scales for Auto AV, AMRs, and Configurators
systems and operations. Manipulators and smart spaces.

<ANVIDIA
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CO-SIMULATION IN NUTSHELL

Co-simulation is a method where different simulation models work together to analyze complex
or multi-domain systems in a coordinated way.
Decision tree Data-driven Al

Hybrid simulation (mixed time- & event-driven) (

Simulation of heterogeneous systems »

Distributed simulation

« Common simulation standards (FMI, DCP, SSP) Co-
Simulati
* Unified models Im:satel: .

Flexible solvers

Scalable infrastructure

Dynamical system State machine

<ANVIDIA. | softserve



FMI/FMU STANDARD

The Functional Mock-up Interface (FMI) is a free standard that defines a
container and an interface to exchange dynamic models using a combination
of XML files, binaries and C code, distributed as a ZIP file.

Tool-independent standard making submodels binary compatible

Functional Mock-Up Unit (FMU)

The FMI standard specifies the APIs

Supported by more than 200+ tools

Maintained as a Modelica Association Project (MAP FMI)

Releases on github.com/modelica/fmi-standard

Functional
Mock-up
Interface

fni
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CO-SIMULATION
IN NVIDIA OMNIVERSE e —

PROBLEM
Foes N
« Replicating the real-world processes in real-time [2 Magnets |\ -

- Observe and evaluate the system under various conditions m\] 1 t 1
I ——]
+ Leverage the integrative power of the NVIDIA Omniverse ecosystem w [1 direction only | msb =

« Enable improved multi-disciplinary collaboration across different engineering

teams > e , x

SOLUTION = | Motion Profile Shop
« Introduce FMI/FMU standard to NVIDIA Omniverse ecosystem g, e
» Develop co-simulation scenario of the 1DOF levitating plate with payload b s AW T
« Combine soft-RT rigid-body (PhysX) and fluid (Particles) simulation with @

control ——
« Develop models in Python and OpenModelica —ins FMy N 0
+ Develop NVIDIA Omniverse KIT extension with Ul interface : .
+ Compare results of fluid simulation with OpenFOAM CFD ' ) — L |
IMPACT '

+ Accelerating engineering teams

fmi

FUNCTiONAL
INTERFACE

A
v

* Process optimization

« Adaptation to business goals on the design stage

<ANVIDIA. ‘ softserve



Edit Create Window Replicator Isaac Examples IsaacUtils Profiler Tools Layout Help

Viewport .1 Stage

T © © (I
Name (Old to New)
FPS: 45.08, Frame time: 22.18 ms o

Content

+ Import home/jtoma/Dc v s/SoftServe/TetraPack/tetrapak_po«

Created by
Modified by
File size 400KB




HIGH FIEDELITY
CO-SIMULATION IN
NVIDIA OMNIVERSE

PROBLEM

Create a foundation for a Digital Twin of the industrial machines
Monitor, control and tune the device via set of control parameters
Include high-fidelity simulations of selected assembly processes
Enable fine-tuning of the process control parameters.

SOLUTION

Introduce ANSYS ROMs to NVIDIA Omniverse ecosystem.

Combine simulation of rigid-body (PhysX), soft-body (Ansys ROM) with control
Develop Simulation Twin of the press machine

Develop models in Python and Ansys Twin Builder

Develop nonlinear static simulation of element under press in Ansys

Develop NVIDIA Omniverse KIT extension with Ul interface

Integrate Simulation Twin with AWS loT Twin Maker

IMPACT
+ Accelerating engineering teams

Process optimization

+ Adaptation to business goals on the design stage

p

NVIDIA
Omniverse &
NVIDIA PhysX

N

/ High-fidelity \

model

Co-
Simulation
Master

Static ROM
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OCEAN UUV
DIGITAL TWIN

BUSINESS OVERVIEW

Develop digital twin of the UUV to meet the following business needs:
- Decrease time-to-market for the UUV solution

 Increase end-user satisfaction by increasing solution quality

+ Increase solution effectivity by developing a high-fidelity model

SOLUTION HIGHLIGHTS

- Simulate AOR (Area of Responsibility) focusing on littoral depths 50’
to 250’ deep.
Develop a one-way coupled CFD set of models

- Develop equivalent PINNs model of fluid flow around UUV

+ Track preplanned UUV trajectory

+ Estimate battery consumption

+ Visualize simulations with Nvidia Isaac Sim

TECHNOLOGIES

NVIDIA Omniverse, NVIDIA Modulus, OpenFOAM, PINNS, CFD, Numerical
methods, Modeling, Motion planning, Control

<ANVIDIA. | softserve



Activities Create 104.2+release.295.529af2e4.tc v Jun 27 08:41

Create 2022.3.3 - New Stage*

' - Sta Laye Render Settings
Perspective Stage Lights g€ ayer ender Setting:

Search

Name (Old to New)

v Drone Parameters

Visualization Drone metrics

Desired depth (m)  20.0

Distance between lines  22.0

AreaP1(xy) 00 50.0
AreaP2(x;y) 150.0 150.0
Water stream velocity ([ D 1
Water temperature . 0
Battery Level (%)
Drone Velocity wrt ground (m/s)
.
A
Controls
4 Launch simulation Start Simulation Pause Sii i End Si

Content NVIDIA Assets

=+ Import

2 M sookmarks
2 © omniverse
& localhost
=, Add New Connection
& L My Computer
&5 Desktop
&3 Documents
&5 Downloads
& Pictures
-/
& /snap/bare/5
& /snap/core20/1891
& /snap/gnome-3-38-200
&= /snap/core20/1950
& /snap/gnome-42-2204/
& /snap/snapd/19361
& /snap/gnome-3-38-200
& /snap/gnome-42-2204/, Battery fully charged
& /snap/snapd/19457  Check inputs values
& /snap/gtk-common-the Simulation available
& /snap/snap-store/959
& /snap/core22/766 _l
& /snap/core22/750
& /snap/snap-store/638 =)

Messages




MOON SCOOPING

BUSINESS OVERVIEW

» Developed a solution of a mobile platform equipped with a robotics arm to scoop
the regolith searching for ice deposits on the Moon

+ Scoop the Moon regolith for exploration or construction

+ Detect ice deposits while scooping

+ Enable energy efficient operations

SOLUTION

» Design of hardware components of the robot

+ Design a vibratory mechanism to ensure energy effective scooping
* Apply simulation-first approach for efficient scooping

« Utilize robotics perception for ice deposit detection

+ Implement high-fidelity terramechanics approach (NVIDIA Warp)

» Enable real-time energy consumption tracking

IMPACT

* Increase mission duration with energy efficient scooping
Enable real-time ice deposit detection
Validate complex robotics solution in simulation

NVIDIA
Omniverse
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OUR VISION - USD + Fmi

3D DIGITAL TWINS AND PHYSICAL Al

OpenUSD FMI
+ Self contained simulation

Geometry, shading, lighting, _
behavior

and physics

* MVP — Standardizing FMU integration in USD for co-simulation

+ Single FMU «—— OpenUSD
+ POC Shared as an open-sourced sample initially
* Merging the consensus standard and normative guidelines into OpenUSD

» Bring USD and FMI ecosystem partners into further discussions
+ Identify industrial use cases and expand the integration standard/implementation

* Improve performance and usability

NVIDIA. | softserve



USD-FMI STANDARD

Targets
Integration R SN
OpenUSD SDF i /World/Body
IF:)ile Eormat | — — FML.J Payload R FMU. /World/Body?2
Plui File.fmu | Connection
usin /World/BodyN

- Aiming for OpenUSD integration
o File Format Plugin
o Asset Resolution System

Connection — Collects Targets

Targets — Prims / Collections EMU /World/Scene

e

Mapping Direction (Input / Output)
o Inferred from FMU Schema

<ANVIDIA. | softserve



USD-FMI STANDARD

Demo: MultiBody Physics standard

«  FMU Wraps MujoCo Physics Engine
« Mirror Physics Data to USD Stage

« Enables MultiBody Physics
interaction

Collision interaction with host Physics
Engine

« Joint Interaction with host Physics
Engine

In Progress implementation of FMI-
USD Standard

<ANVIDIA. | softserve



USD-FMI STANDARD

Example: MultiBody Physics standard

|

Targets Targets '
World/shadow hand/base FMU /World/anybotics_anymal_c/base FMU

N . < /World/anybotics_anymal_c/base1_1 .
/World/shadow_hand/base1_1 ConneCtlon Connectlon
'/.\'Norld/shadow hand/base9 9 /World/anybotics_anymal_c/base9_9
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FUTURE OF USD + FMI

What NVIDIA brings to the table

BRIDGE AND BRING THE
FMI AND ALLIANCE
FOR OPEN USD (AOUSD)

STANDARDS GROUPS AND

ECOSYSTEMS

|dentify industrial use
cases and expand the
integration standard
Create a working group
for USD + FMI with
stakeholders

WITH NVIDIA’S UNIQUE
COMPETENCIES, FURTHER
USD+FMI OPPORTUNITIES IN

« Hardware acceleration of
FMUs within USD

« Define ‘Simready’
specifications using USD +
FMI --> 3D asset data +
coupled behavior

« Neural physics and
machine learning models
using FMUSs

APPLICATION
WORKSTREAMS

« Robotics simulations,
testing/validation and
reinforcement learning
pipelines

« Autonomous Vehicles
(AV Sim)

« HIL, SIL, PLC control
simulations

« Virtual Factory Integration

NVIDIA. | softserve
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THANK YOU!

MARIUSZ JANIAK STEFANO CRISTIANO
Solution Architect, SoftServe Principal Research Scientist, NVIDIA
mjania@softserveinc.com scristiano@nvidia.com

ANY QUESTIONS?
LET’S TALK
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