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Digital Twins
Digital Engineering Applications
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Digital Engineering 
Applications
• Digital Twin – digital replica of asset 

useful at design and operation

• CAE adoption is evolving: single 
verification, design variations, 
automated optimisation, parametric 
space exploration (snapshots)

• Machine learning is the reference 
for «AI» based approach

• High/medium fidelity simulations 
allow to generate the training data: 
synthetic datasets
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Radial Basis Functions
Data Science and Geometrical Intelligence
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• Hardy – Multiquadric

• Greengard – Fast Multi Pole

• Powell – generalisation to ℝ𝑛

• Beatson – thin plate spline

• Wendland -  compact support

• Babuška – Partition of Unity

• FGP – fast iterative MQ in ℝ𝑛

• Jakobsson, de Boer, morphing

• Botsch, interactive morphing

• Biancolini, LCM, first RBF 
industrial software

• Biancolini, Fast RBF Book
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RBF are a very powerful 

mathematical tool able to 

interpolate everywhere in the 

ℝ𝑛 space a function given at 

scattered source points

Radial Basis Functions (RBF)
in a nutshell
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Interpolators in 
multi-dimensional spaces
• Data science problems

o Inference ℝ𝑛 ⇒ ℝ𝑚

o Gaussian RBF is recognized as the “RBF 
neural network”

o Useful for surrogates in optimization

• 3D space manipulation (shape 
deformation, data mapping)
o Field manipulation is a key enabler for 

geometric intelligence

o RBF mapping for multi-physics interfaces 
and as a “morphing extender”
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Reduced order models
Singular Value Decomposition and Principal Orthogonal Decomposition
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RBF and POD can be combined to 
get reduced order models (ROM)

• CFD snapshot data are 
compressed using Singular 
Value Decomposition (SVD) 
and Proper Orthogonal 
Decomposition (POD). 

• AI models are trained in the 
reduced space using Radial 
Basis Functions (RBFs). 

• Full-field solutions are 
reconstructed via RBF 
inference and modal 
expansion.
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RBF and POD can be combined to 
get reduced order models (ROM)

• Singular Value Decomposition (Beltrami-Jordan 1873)

• Radial Basis Functions (Hardy 1971)

• Reconstruction by modal expansion
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• ROM can be originated by geometrical and physical parameters
o ROM of the shape (geometrical modes weights) is trained vs. input 

parameters

o ROM of the CAE solution (CAE modes weights) is trained vs. input 
parameters

• ROM can be originated by multiple parameter-less snapshots 
(statistical shape modeling)
o ROM of the shape (geometrical modes weights) is used to train the ROM 

of the CAE solution (CAE modes weights) 

o A new shape is projected onto the ROM of the shape and the new CAE 
solution is inferred

RBF and POD can be combined to 
get reduced order models (ROM)
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Shape generation
Parameter-based and parameter-free workflows
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RBF Mesh Morphing

• We adopt Radial Basis 
Functions (RBF) to drive mesh 
morphing (smoothing) from a 
list of source points and their 
displacements
o Surface shape changes

o Volume mesh smoothing

• RBF are recognized to be one 
of the best mathematical tool 
for mesh morphing
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Automated shape generation

• Morphing is a key 
enabler for Digital 
Twins

• Multiple snapshots can 
be generated from 
shape parameters

• Virtual shapes can be 
added from SSM

• Synthetic dataset are 
generated with an high 
level of automation
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Interactive Real-Time 
Design Exploration
From Advanced Simulation to VR
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Interactive Digital Twins?

• High-fidelity simulations big data for 
training AI models:
o Design stage: steer new projects more 

effectively 

o Operation stage: real-time interactions are 
key enablers of digital twins

• Challenges:
o High level of automation required

o Replicable, easily deployable workflow 

• We present a comprehensive solution 
powered by Unity rendering and 
exported to Meta Quest 3 AR/VR 
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Interactive Digital Twins 
Challenge #1

• High level of 
automation to create 
snapshots is needed

• Geometrical parameters 
require mesh topology 
preservation

• RBF mesh morphing 
combined with CAE 
solvers 
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Interactive Digital Twins 
Challenge #2

POD+GARS = ROM 

• Replicable, easily deployable 
workflow?

• Reduced Order Models (ROM) 
are compressed (POD) ready to 
be inferred (GARS or RBF)

• Unity rendering
o Meta Quest 3 AR/VR

o Apple VisionPro? 

• Portable Functional Mockup Units
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A simple FEA model – ROM - 
FMU
• Solid model created by CAD

• The notch effect is accurately 
captured by Mechanical

• RBF morphing allows to create 
one geometrical parameter to 
change the diameter of the hole

• The applied loads is the physical 
parameter

• Snapshots are exported and the 
FMU created
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Workflow
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Shape parameter: radius offset

Physical parameter: Force

von Mises stresses

ROM convergence check



Twin Builder

• ROM Builder

• Input parameters 
are controlled by 
the sliders

• Point-based 
rendering
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rbfCAE Unity UI

• Unity UI capable 
to read in surface 
and FMU

• Input parameters 
are controlled by 
handles (json 
descriptor)

• Surface-based 
rendering
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RBF Morph exported VR

• FMU are translated 
to ARM

• Meta Quest 3

• Input parameters 
are controlled by 
hands

• We can add an 
immersive scene

• Wireless AR/VR
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CAE agnostic approach
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Interactive Real-Time Design Exploration:
Applications
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Medical Digital Twins
Research Projects and Applications
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Research and Industrial 
sectors



EU-funded research projects 
2013-2025
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Running projects on 
healthcare
• Fortissimo Plus Business Experiment 

PANDORA - Pre-operative Assistant 
Based on Data-Driven Approaches for 
Vascular Grafts Surgery

• EU-funded Cyber 4.0 competence center 
SafeBot4Twin - A Large Language Model-
based Cyber-secure chatbot to control 
Medical Digital Twins

• NextGenerationEU - iNEST project 
ROMed2VR - Virtual Reality Empowered 
by Computational Fluid Dynamics 
Reduced Order Models to Support Pre-
Surgery Medical Planning
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PANDORA
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SafeBot4Twin
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Interactive Medical Digital 
Twins in 3d Slicer
Meditate ESR02 – Leonardo Geronzi

https://meditate-project.eu/esr-02-leonardo-geronzi/
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Hemodynamic prediction 
based on surrogate modeling



The offline phase
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The offline phase

RBF Morph - www.rbf-morph.com



The online phase
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The online phase
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Support to shunting 
procedures
From Copernicus to ROMed2VR
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Copernicus
• Cloud-Based HPC Platform to Support 

Systemic-Pulmonary Shunting Procedures

• Congenital Heart Diseases (CHDs) = ~⅓ of 

all birth defects

• Modified Blalock Taussig Shunt (mBTS)

• Common palliative surgery for cyanotic CHD

• High risk: over-shunting & shunt 

thrombosis - significant mortality

• Need: better tools to support surgical 

planning & improve outcomes
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Copernicus

• Patient-specific digital twin (MDT) built via 

advanced CFD simulations

• Runs on cloud-based HPC: reliable & cost-

efficient

• Reduced Order Model (ROM) of vascular 

district with shunt parameterization

• Interactive web interface for medical staff 

to explore scenarios

• Impact: Affordable decision-support tool, 

safer, tailored mBTS interventions
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Medical Digital Twin
Copernicus
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Medical Digital Twin
Copernicus
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Medical Digital Twin
Copernicus



Next step?
A complete solution to deliver interactive 
digital twins with AR/VR custom UI

• FMU are translated to ARM

• Meta Quest 3

• Apple Vision Pro (very soon!)

• Input parameters are controlled 
by hands
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ROMed2VR
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ROMed2VR
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Segmentation to mesh



ROMed2VR
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Boundary conditions for 

baseline CFD



ROMed2VR
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Parametric positioning 

of the shunt



ROMed2VR
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ROMed2VR
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RBF Morph technologies
A complete solution for Medical Digital Twins
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Ansys RBF Morph

• An RBF mesh morphing solution fully 

embedded in Ansys

o Ansys RBF Morph Fluids – an Add On for Fluent

o Ansys RBF Morph Structures – an ACT App for 

Mechanical

• Full integration with optiSLang and Twin Builder

• Support for LS-DYNA and APDL

53



rbfCAE solution 

• Released in 2024

• Read in STL, STEP

• Unity - 
OpenCascade

• Solver independent 
process that 
supports many 
mesh formats

• Scriptable via 
python
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rbfCAE platform rbfCAE connectors

rbfCAE UI

rbfCAE middle layer

rbfCAE 

scripting

rbf4Helyx

rbfAdjoint

rbfROM

rbfVR
rbf solver

24/10/2024 54



Conclusions

• Interactive Digital Twins? Yes!

• We can deploy fast interactive ROM on VR and on custom 
dashboards

• We use RBF both for the geometrical intelligence and both for the 
AI inference

• Multiple workflow are supported: a variety of CAE software can be 
combined to mesh morphing to generate synthetic datasets

• The approach works both for parametric cases (shapes are varied 
according to specific actions) both for SSM (shapes are collected 
from a cohort of data)
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Many thanks for your 
attention!
marco.biancolini@rbf-morph.com

linkedin.com/company/rbf-morph

youtube.com/user/RbfMorph
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