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Radial Basis Functions

Data Science and Geometrical Intelligence
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Radial Basis Functions (RBF)

An event for numeri

- from research to indzaslt?igla:afgi:ications ,
I n a n u tS e 1 febl?raioz 2
source points _ .
~ rardal basis RBF o(r)

polynomial Spline type (Rn) r", n odd
e.g. h(x) = By + Box + B3y + Puz

Thin plate spline rlog(r) n even

Multiquadratic (MQ) J1+ 72

shift of the target point to the i-th data site

T T T
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RBF are a very powerful [ Seooeeaggans
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Interpolators In T

A Data science problems
0 Inferencea + 4

oGaussli an RBF 1 s
neur al net wor ko

0 Useful forsurrogates in optimisation

A 3D space manipulation (shape
deformation, data mapping)

o Field manipulation is a key enabler for
geometric intelligence

0 Mapping is a key enabler for muHi
physics and as a omorphing extender o
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Shape Optimisation

Parameterbased andParameterfree Workflows
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RBFMesh Morph ing

AWe adopt Radial Basis
Functions (RBF) to drive mesh
morphing (smoothing) from a
list of source points and their

displacements
f
o Surface shape changes , i@ e el
0 Volume mesh smoothing -
. Fast :
ARBF are recognized to be one .i?:a}?n%‘iﬂite'ﬁﬁ @ 1o (le el
of the best mathematical tool ' oplcation
for mesh morphing e (0@ 7 (e eyl
\
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Parameter-based Shape s,
Optimisation iy
AMorphing is akey

ena_bl_er for it[;f;?or‘n Conventional approach RBF’s morphing approach
gptl.mlls_?thn and 1 Geometry ~_JUMESHINGIY  Solving Geometry _JUMESHINGIP  Solving
igital Twins 2 Geornetry _JNMESHINGII  Solving £ soing
AThe turnaround 3 Geometry ~_JUMESHINGIP  Solving ™ § Solving
t|me Of the _ 4 Geometry ~_JMMESRINGI  Solving 'b‘ % soling
optimization is 2
usuallyreduced by o STEEEERTEE 3D oo

a factor five (weeks
becomes days)
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Parameter-free Shape
Optimisation

A The BGM (biological growth method)
approach is based on the observation
that biological structures growth is
driven by local level of stress.

ABones and t r e Buskd are able to
adapt the shape to mitigate the stress
leveldue to externalloads

A The processis driven by stressvalue at
surfaces. Material can be added or
removed accordingto localvalues

non-optimized optimized

€= k(O'Mises - O-ref)

A Was originally proposed by Mattheck &
Burkhargdtin ild%op Y

Gy = 1,749 MPa

max oyy = 12,079 MPa
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A Digital Twin 9 digital replica of
asset useful at design and
operation

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

A Machine learning is the
reference for Al based approach G,:(‘Z’,f”éf’)ee

A High/medium fidelity simulations
allow to generate the training
data: synthetic datasets
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Interactive Digital Twins

4

A Reduced Order Models (ROM) =
are compressed (POD) ready to ®
be inferred (RBF) -

A Functional MockUp Units FMU)
make the models portable

A Unity rendering
0 Meta Quest 3 AR/VR
o Apple VisionPr&

Velocity (m/ ) modé3

POD+RBF = ROM

Mode 1 Mode 2 Mode 3
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Digital Engineering Examples

Full order model Reduced order model
Automatic (3D U-net)
‘segmentation
3D model
Ssure [mmHg]
ll | SRS EEERE )

104 108

REF Mesh =!so-topological Shaps ROM Reduced order
% rid =) | representation using | + : 5 =
Morphing g lest squares fitting interpolation results
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Two Detalled Industrial
Examples

Dallara Formula Car Vespa Engine
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The need for spe
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Lap time reduction of a race car by Extended durability of an internal
a better flow penetration combustion engine
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Lap time reduction of a race car by Extended durability of an internal
a better flow penetration combustion engine
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eéto be achieved by

@__ PIAGGIO

Tweak the design of the front wing Reduce connecting rod stress by
to gain 0.15 drag counts 15% to increase its fatigue life
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eEpreci sely predicted

@ PIAGGIO

Fluent CFD provides best in class Mechanical FEA is the industry
solution for external aero standard for stress prediction
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\nsys 'b‘ = )} TOR VERGATA N

EEEEEE
TTTTTTTTTTTTTTTTT




Step #1: define the RBF shape parameters

front-wing Parallel Fluen. Hoo- - 8 X
BEZM e vl Dl Seiecion  Atomstion  Addons  LesmingandSupport  RSF Morph o0&
ple  Domain  Physks | User-Oafined Parametric  Leaming and Support  ~ o B ® a2 M B B B B ~ @
AGGREF REFMorph  REEMorpn REE Morph Sress Morpn CAD Save CAD  Brport APOL  Export ASCH  ABF barph RF Morph Auto Rename  About
S User Defined ’ ' Digital Twin Voron  Dupuacements | 8GM T - ang Suain Fle " """ Olsplacemens Displacements  Script Wide Scipt esd  RBF Tie
Outfine Qa [@e +QAQQ@Q Sda %Mder ZT B B[E] 2 EClipboard~ [Empty] @btend= 9 SelectByv @ Convet=
RBF Source
el Ansys
I e source 2026 R1
ordnate Systems. |
iy
5 8 Named seectons
/0 BgEye -Extemal 1
sampling  select Surface
#04 REF Morph Update
= Static Structural (AS)
= Node Selection
Scoping Method GeometrySeiecion
Geometry foces
- Deintion
Franiio] 7l
Dot | Encar e Tansition Detintion  Manual
/ Delta x om
Dettay
Deltaz
= RBF Function
Degree i ¢
= Combine Selet
Acting On Undeiormed
W Selectea Node: Oreriap | Oremde
o 0000 0025 0050 (m)
) 0013 0038
5668
© 13 Messages  No Selection Metric (m, kg, N, 5.V, A) Degrees rad/s Celsius

+ Parameters & Customization
+ simulation Reports

Shape parameters are define Shape parameters are defined in the
interacting with FluentsUl and TU morphing tree inside Mechanical
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Step #2:. automate design exploration

| B8 Optimization Wizard

| Parametrize Inputs
Parametrize the inputs

Domain  Physics User-Defined Solution Parallel Design arametric  Learning and Support =
p—
Name Parameter type  Referencevalue = Constant = Resolution  Range Range plot
1| RBF_Source_width_Scaling_y Optimization 1 Continuous 07 12 (Y
# Update A
2| RBF Source_edges intemal_Scaling_y Optimization 1 Confinuous 08 11 (b
3| RBF_Source_edges_esterno_superiore_Scaling_y | Optimization 1 Continuous 09 11 ﬁ
| B8 Optimization Wizard o x
/] ] -
] ] | Criteria . o J\}‘JA |
u o Specify the algorithm criteria A
o
o
" o
® o Parameter Responses
] u |
] ] - - - -
5 s Name Value Name Value
: RBF_Region_rob_thickness_Scaling_y 1 Equivalent_Stress__raccordo_Maximum 551.679
V]
g g RBF_Source_edge_external_1_Curve_Offset 0 Equivalent Stress__solo_biella_Maximum 551.679
E g RBF_Source_edges_esterna_superiore_Scaling y 1 Force Reaction_weak_Maximum_Total 122258
/] ]
u RBF_Source_edges_internal_Scaling_y 1 Force Reaction_weak_Total 122258
o
o RBF_Source_rob_big_eye_Scaling_x 1 my_DIST SIGN -0.000135129
Parsmetric Study View u o |
(] Sraphics RBF_Source_rob_small_eye_Scaling_y 1 RBF_Source_edge_extemnal_1_simm_Curve_Offset 0
front-wing-Solva (Currant. b =
Criteria
Name Type Expression Criterion  Limit  Evaluated expression

obj_Equivalent_Stress__solo_biella_Maximum | Of Equivalent_Stress__solo_biella_Maximum

PIAGGIO

The Fluent optimisation is steered by The Mechanical optimisation is steere
optiSLang stand alone y optiSLang within Workbench
\nsys ’
= 1of

TOR VERGATA

UNIVERSITA DEGLI STUDI DI ROMA 25




Step #3: validate the results

-
o
—
(@)
< | =
! Baseline D
I 7))
% Design 7
= O
dd
S 0
o) o
© o
— )
° 3
o o
< Optimised T
- H o
o Design O;
N
—i
1
Front Wing P1 P2 P3 Cd Conrod P1 P2 P3 P4 P5 P6 P7 L'l,M [MPa] )
Baseline 1 1 1 0.4333 Baseline 1 1 0 1 1 1 1 551 @ PIAGGIO
Optimised -0.81 0.93 0.45 0.4247 Optimised 1.23 0.78 -0.087 1.102 0.781 0.995 0.954 455
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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

Ansys
2026 R1

- -6.88e+06
-1.41e+07

L -2.12e407 - %
-2.84e+07 . v
\ & 0 100
, s
E 20
@ PIAGGIO

RBF Morph Fluids offers a strong integration The BGM lpiological growth method ) allows
with the adjoint solver . Surface are sculpted to reduce the stressManufacturing
whilst geometrical constraints are respected. 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 Al assisted approach?
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Step #5: Interactive ROM with Twin Builder

o
-_— L e
" eaalllaaees = @ PIAGGIO
RBF Morph Fluids quickly createsapshots to train The parametric FEA model allows the automated
the Al based ROM of Twin Builder by feeding the creation of snapshots to train thé&l based ROM of
standard and the GPU solver of Fluent. Twin Builder.
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Step #6: the ROM is published as a VR experience

The functional mockup units generated by Twin Builder can be imported rbfVRPublisher and
deployed inrbfVRPlayer.

Are you willing to improve further the design?
Have a try and wear the VR device!
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ARadial Basis Functions heljigital Engineering by providing
geometric intelligence and an effectiveinference tool

AParameteFfree and parameterbased shape optimisation is
possible

ATwo industrial examples, Formula 3 car aero drag reduction and
fatigue optimisation of a connecting rod of &cooter engine , have
peen demonstrated

ARoadmaps toward arAl based approach were presented
Alnteractive VR implementation has been shown

ANext Steps?
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Next steps? Aeronautical

SPOTLIGHT

Revolutionizing aerodynamic design

with a VR-enabled workflow

i?, Marco E. Bi ini'?

by Andrea Lopez', Marco

1. University of Rome Tor Vergata - 2. RBF Morph

The aerospace industry is undergoing a rapid
digital transformation, embracing innovative
technologies to streamiine design workows.
increase efficiency, and drive innovation
like never betore. One of the most exciting
breakthroughs is the integration of virtual
reality (VR) with reduced order models
(ROMs), to enadle real-time aerodynamic
design exploration,

Traditionally,  enginering  workllows
have been slow and resource-inlensive,
wilh design iterations relying on lengthy
computational fluid  dynamics  (CFD)
simulations. This article presents a game-
changing approach — one that seamlessly
links CAD modelling, CFD. and ROMs within
an interactive VR dashboad. The result? A
fast, immersive, and infuitve tool that aliows
engineers 1o explore designs in real-time,
making the whole process more dynamic
and effcient.

12 Futuriies - Spring 2025

rbf

Bridging the gap: from CAD to VR
Aerodynamic performance opfimization has
raditionally been a highly iterafive process.
Engineers must analyse multiple design
variants using high-fidelity CFD simulations,
which are accurate but

VR and ROMs into the worifiow helps
overcome these challenges by providing a
real-time design environment with interactive
parameter exploration.

expensive and time-consuming. Integrating

By cAD and
mesh morphing, engineers can seamiessly

ENGINSOFT

TOR VERGATA

UNIVERSITA DEGLI STUDI DI ROMA
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Proceeding Paper
The Payload Design of the CUbesat Solar Polarimeter (CUSP),
for Space Weather and Solar Flares X-Ray Polarimetry

Giovanni Lombardi %*(, Sergio Fabiani 7, Ettore Del Monte !, Emanuele Di Meo 2, Andrea Lopez 2,
Marco Camponeschi 3, Marco E. Biancolini 2, Daniele Brienza ¢, Dy 4, Silvia Natalucci 4,
Andrea Terracciano * and Z ino 4

INAF-IAPS, via del Fosso del Cavaliere 100, 100133 Rome, Ttaly; sergio fabiani@inaf it (SF);
ettore. delmonted@inalit (E.D.M.)

Dipartimento di Ingegneria dell Impresa “Mario Lucenti”, Universita degli Studi di Roma “Tor Vergata”,
Via Cracovia 50, 100133 Rome, Ttaly; emanucle. dimeo@rbf-morph.com (E.DM.); lopez@ing, uniroma2.it
(A.L); biancolini@ing uniroma2.it (M.E.B.)

RBF Morph, Via Antonio Rosmini 4, 1-00077 Rome, Italy; marco.camponeschi@rbf-morph.com

ASI, Via del Politecnico snc, 1-00133 Rome, Ttaly; danicle brienza@asi.it (D.B.);
immacolata.donnarumma@asi.it (1D.); silvia.natalucci@asi.it (S.N.); andrea terracciano®asi.it (A.T);
emanuele.zaccagnino@asi.it (E.Z.)

Correspondence: giovanni lombardi@ina. it

Abstract: The CUbesat Solar Polarimeter (CUSP) project is a CubeSat mission orbiting the
Earth aimed to measure the linear polarization of solar flares in the hard X-ray band by
means of a Compton scattering polarimeter. CUSP is a project in the framework of the
Alcor Program of the Italian Space Agency aimed to develop new CubeSat missions. It is
approved for a Phase B study. In this work we describe some design solutions adopted for
lhc most important dmugn drivers of the payload. In particular, we report on the payload

y multi-physical design, including an orbital thermal environment preliminary
msc«mem and a implementation of the static/dynamic finite ulomcnl amlym Moreover,
a method for topology optimization of relevant is

check for
updates

Academic Editors: Uberto Galiets,
Gabride Arcidiacono, Bnvico
Rt P gt Keywords: CUSP, space weather, solar flare, mechanical design, multi - physical analysis,
Vigilio Fontanari, Aurelio Soma and  payload
Nicola Bomora
Published: 10 March 2025
et 1 Introduction
Campaneschi, M Biancolini, ME; The CUbesat Solar Polarimeter (CUSP) [1] is a CubeSat mission in low Earth orbit,
Briensa, D; Donnarumma, L; specifically conceived to measure the linear polarization of solar flares in the hard X-ray
;\“:,;_:“;"’:“_h"““ range (25-100 keV) through a Compton scattering p This cutting-edge mi
is expected to provide new insights into magnetic reconnection and particle acceleration

Polarimeter (CLSP), for Space , % s n s 4 ; i
Wether and Solar Flases X. Ray mechanisms occurring within the Sun’s flaring magnetic structures, which are crucial

Polarimetry. Eng. Proc. 2025, 85, 37. processes underlying space weather dynamics.

hitps:/ /doi.ong/ 103390/ Hard X-ray polarimetry offers a unique observational window into the physical
2 p for particle acceleration, as well as the temporal evolution of

Copyright: © 2025 by the authars magncnc con[lgumuons during solar flares. These data are essential for refining current

Licensee MDPL, Basel, Switzerdand.  models of solar activity and understanding its influence on the heliosphere. Such improved

e i ge will contri to the p of more accurate space weather predictions,

el Sl S O i which are essential to mitigate the risks for satellite systems, communication infrastructures,

and terrestrial power grids.
CUSP is developed within the framework of the Alcor Program, a strategic initiative

conditions of the Creative Commons
Attribution (CC BY) license

(hitps:/ /creativecommons.ong/

Ticenses /by /4.0/). led by the Italian Space Agency (ASI) to promote innovative CubeSat missions. Having
Eng. Proc. 2025, 85,37 hittps:/ /doi.org/ 103390 /engproc2025085037

TOR VERGATA  https://www.mdpi.com/26734591/85/1/37 34

UNIVERSITA DEGLI STUDI DI ROMA

\nsys °
it | -

TECHNOLOCY PARTNER



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

Symposium on
modeling and
engineering simulation

An event for numerical analysis:
from research to industrial applications ,

Next steps? Healthcare

electronics @;\p}

Article

The Hemodynamic Effect of Modified Blalock-Taussig Shunt
Morphologies: A Computational Analysis Based on Reduced
Order Modeling

Eirini Kardampiki !, Emanuele Vignali '), Dorela Haxhiademi 3, Duccio Federici ¢, Edoardo Ferrante !,
Stefano Porziani °, Andrea Chiappa %, Corrado Groth ¢, Margherita Cioffi !, Marco Evangelos Biancolini &
Emiliano Costa '© and Simona Celi >*

10 febbraio 2026
Sala Polivalente USI-SUPSI, Campus EST Lugano

T RINA—Registro Italiano Navale ed A ico, 00128 Rome, Ttaly; eirini iki@r (EK)
EF); ita.cioffi@ris (M.C.); emiliano.costa@rina.org (E.C.)

2 BioCardioLab, ione Te briel i0, 54100 Massa, Ttaly; it

3 Critical Care Unit, ione Toscana G. 0, 54100 Massa, Italy; it

*+ Paediatric C Unit, Toscana G. 0, 54100 Massa, Italy; ducciofederici@ftgm.it

s

RBF Morph, Monte Compatri, 00040 Rome, Italy; stefano.porziani@rbf-morph.com (SF);

andrea.chiappa@rbf-morph.com (A.C.)

¢ Department of Enterprise Engineering, University of Rome Tor Vergata, 00133 Rome, Italy;
corrad i it (C.G.); biancolini@ing.uniroma2.it (V.E.B.)

Correspondence: s.celi@ftgm.it; Tel.: 439 0385 493644

These authors contributed equally to this work.

+

check for Abstract: The Modified Blalock Taussi Shunt (MBTS) is one of the most commen palliative operations
updates in case of cyanotic heart discases. Thus far, the decision on the position, size, and geometry of
the implant relies on clinicians” experience. In this paper, a Medical Digital Twin pipeline based
on reduced order modeling is presented for fast and interactive evaluation of the hemodynamic
parameters of MBTS. An infant case affected by complete pulmonary atresia was selected for this
study. A three-dimensional digital model of the infan’s MBTS morphology was generated. A wide

Citation: Kardampiki, E.; Vignali, E.;
Haxhiademi, D.; Federici, D.
Ferrante, E; Porziani, S.; Chiappa, A;
Groth, C; Cioffi, M.; Biancolini,

ME_ et al. The Hemodynamic Effect
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of Modified Blalock Taussig Shunt spectrum of MBTS geometries was explored by introducing twelve Radial Basis Function mesh
AC i di The combination of these modi allowed for analysis of various MBTS shapes. The
Analysis Based on Reduced Order final results proved the potential of the 1 h for the i igation of signifi
Modeling. 11,1930, ic features such as velocity, pressure, and wall shear stress as a function of the shunt’s
hitps:/ /doiorg/103390/ morphology in real-time. In particular, it was demonstrated that the modifications of the MBTS.
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had a profound effect on the hemodynamic indices. The adoption of reduced models
turned out to be a promising path to follow for MBTS numerical evaluation, with the potential to
support patient-specific preoperative planning.

Keywords: comp I fluid dynamics; reduced order modeling; hemodynamics; Modified

Blalock-Taussig Shunt; RBF mesh morphing; Medical Digital Twin

1. Introduction

Congenital heart defects are currently present in about 9 of every 1000 live-born
children [1,2]. Several of these pathologies, such as pulmonary atresia and Tetralogy of
Fallot, are linked with cyanotic heart diseases in which low levels of oxygen in the blood are
encountered. Especially in the case of the pulmonary atresia, the pulmonary valve plane
is absent, leading to full blockage of the blood flow towards the lungs. Among the most
diffused approaches to tackle these complications, the modified Blalock-Taussig shunt
(MBTS) is a surgical procedure which consists of implanting a synthetic shunt between
the subclavian and pulmonary artery. The MBTS is frequently adopted for the treatment
of newborn children suffering from pulmonary hypoperfusion triggered by congenital
heart diseases [3]. In this way, sufficient levels of oxygenated blood are delivered to the
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