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Research Team at rbfLAB
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Research and Industrial sectors



EU-funded research 
projects 2013-2026
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Radial Basis Functions
Data Science and Geometrical Intelligence
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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
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• Data science problems
o Inference ℝ𝑛 ⇒ ℝ𝑚

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

o Useful for surrogates in optimisation

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

geometric intelligence

o Mapping is a key enabler for multi-
physics and as a “morphing extender”



Shape Optimisation
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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Parameter-based Shape 
Optimisation

• Morphing is a key 
enabler for 
optimisation and 
Digital Twins

• The turnaround 
time of the 
optimization is 
usually reduced by 
a factor five (weeks 
becomes days)
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Parameter-free Shape 
Optimisation
• The BGM (biological growth method) 

approach is based on the observation 
that biological structures growth is 
driven by local level of stress.

• Bones and trees’ trunks are able to 
adapt the shape to mitigate the stress 
level due to external loads.

• The process is driven by stress value at 
surfaces. Material can be added or 
removed according to local values.

• Was originally proposed by Mattheck & 
Burkhardt in 1990
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Digital Engineering
Real Time Interactive CAE Models
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• 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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Digital Engineering Applications



Interactive Digital Twins
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POD+RBF = ROM 

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

• Functional Mock-Up Units (FMU) 
make the models portable

• Unity rendering
o Meta Quest 3 AR/VR

o Apple VisionPro? 
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Digital Engineering Examples



Two Detailed Industrial 
Examples
Dallara Formula Car - Vespa Engine

18



The need for speed…

Lap time reduction of a race car by 
a better flow penetration

Extended durability of an internal 
combustion engine
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…requires limitless performances … 

Lap time reduction of a race car by 
a better flow penetration

Extended durability of an internal 
combustion engine
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…to be achieved by acting on KPIs…

Tweak the design of the front wing 
to gain 0.15 drag counts 

Reduce connecting rod stress by 
15% to increase its fatigue life
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…precisely predicted by CAE simulation.

Fluent CFD provides best in class 
solution for external aero

Mechanical FEA is the industry 
standard for stress prediction
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Parameter-based Shape Optimisation
We need Shape Intelligence to identify new designs
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Step #1: define the RBF shape parameters

Shape parameters are defined 
interacting with Fluent GUI and TUI

Shape parameters are defined in the 
morphing tree inside Mechanical

24



Step #2: automate design exploration

The Fluent optimisation is steered by 
optiSLang stand alone

The Mechanical optimisation is steered 
by optiSLang within Workbench 
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Step #3: validate the results
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Baseline 

Design  

Conrod P1 P2 P3 P4 P5 P6 P7 σVM [MPa]

Baseline 1 1 0 1 1 1 1 551

Optimised 1.23 0.78 -0.087 1.102 0.781 0.995 0.954 455

Optimised 

Design

Front Wing P1 P2 P3 Cd

Baseline 1 1 1 0.4333

Optimised -0.81 0.93 0.45 0.4247
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Parameter-free Shape Optimisation
The standard optimisation workflow allows to reach the KPI targets.

Can we refine it more?
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Step #4: switch to parameter-free

RBF Morph Fluids offers a strong integration 
with the adjoint solver. Surface are sculpted 
whilst geometrical constraints are respected.

The BGM (biological growth method) allows  
to reduce the stress. Manufacturing 

constraints are easily applied.
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Interactive Shape Optimisation
The automated refinement works well but we want manual control.

Can we enable an interactive AI assisted approach?
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Step #5: interactive ROM with Twin Builder

RBF Morph Fluids quickly creates snapshots to train 
the AI based ROM of Twin Builder by feeding the 

standard and the GPU solver of Fluent. 

The parametric FEA model allows the automated 
creation of snapshots to train the AI based ROM of 

Twin Builder.
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Step #6: the ROM is published as a VR experience

The functional mock-up units generated by Twin Builder can be imported in rbfVR Publisher and 
deployed in rbfVR Player. 

Are you willing to improve further the design? 

Have a try and wear the VR device!
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Conclusions

• Radial Basis Functions help Digital Engineering by providing 
geometric intelligence and an effective inference tool

• Parameter-free and parameter-based shape optimisation is 
possible

• Two industrial examples, Formula 3 car aero drag reduction and 
fatigue optimisation of a connecting rod of a scooter engine, have 
been demonstrated

• Roadmaps toward an AI based approach were presented

• Interactive VR implementation has been shown

• Next Steps?
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Next steps? Aeronautical

https://www.enginsoft.com/bootstrap5/images/expertise/2025/futurities2025-1-rbf.pdf 33

https://www.enginsoft.com/bootstrap5/images/expertise/2025/futurities2025-1-rbf.pdf


Next steps? Space

https://www.mdpi.com/2673-4591/85/1/37 34

https://www.mdpi.com/2673-4591/85/1/37


Next steps? Healthcare

https://www.mdpi.com/2079-9292/11/13/1930  35

https://www.mdpi.com/2079-9292/11/13/1930


Next steps? FreeMorph

https://www.logitech.com/en-eu/products/vr/mx-ink.html 
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https://www.logitech.com/en-eu/products/vr/mx-ink.html


Many thanks for your attention!

marco.biancolini@rbf-morph.com

https://www.linkedin.com/in/marcobiancolini/

https://www.youtube.com/@RbfMorph 

https://www.rbf-morph.com/

https://www.rbfcae.com/ 

https://www.rbflab.eu/ 
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