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• The concept of simulation in engineering
should include enriching the virtual environment with physical information in general.
As such, it can result in significant
speedups and workflow streamlining by
avoiding mistakes and leveraging optimization targets.
• It can and should happen in the earliest
stages of the engineering process - i.e., in
the design / CAD stage.
The earlier they are made part of the
planning and development workflow, the
larger is the potential benefit in terms of
time and money savings.
Possible applications domains are thermochemisitry, fluid dynamics, elasticity and structural mechanics
– and many more.
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Mathias Fuchs
CV
• 2007
PhD
mathematics,
Université de la Provence
Aix-Marseille II
• 2007-2016 Postdoc positions
in applied mathematics, bioinformatics, & medical statistics in
Göttingen and Munich
• 2016-2020 Senior Researcher
at Zaha Hadid Architects, London
• since 2020 Freelancing consultant and programmer

• Specializing in customized finite elements,
in particular: thermal modelling; structural
analysis; elasticity
• Extensive professional experience in applied mathematics
• Academic track record

Details and publications on https://mathiasfuchs.com.
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Prior clients
• TNG Technology Consulting - Lecture series on high-dimensional statistics in the R
language
• NDC Garbe GmbH - Software for watercooled datacenter planning
• Karamba3D - Surface meshing for structural analysis in Rhino3D
• ZH Architects - Custom implementation of
an API for structural analysis of frames and
trusses;
Structural models, statistical learning for
form finding and topology optimization;
structural mechanics of parametric models
• Velo3D - Metal 3D printing design
• Aviloo GmbH - Statistical analysis of electric vehicle battery measurements
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Public-facing software
Several plugins for Rhino3D (CAD) and R (statistics)
• Tweener for Rhino3D - Thermal transfer as
a design utility
• MinSurface for Rhino3D - differential geometry
• R-package ipflasso
statistics package

-

multi-modality

• Volumetric heat transfer
Rhino3D in development

solver

for
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Peer-reviewed finite element code for heat
transfer
• Specialized in customized
inite element solutions for CAD
• Heat transfer from first principles
as model problem ∇ κ∇u) = ρ
• Peer-reviewed code, published in
Encyclopedia 2022, 2(2), 1019-1035

https://doi.org/10.3390/encyclopedia2020067
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Physically informed early-stage design
Representing as much physical and engineering properties in the planning stages – for instance, in Solidworks – can result in enormous workflow streamlining.
• In the early-stage design phase, it is often neither necessary nor desirable to perform a full physical simulation, conforming with all engineering standards. Instead,
a quick (possibly interactive / real-time) is
often desired.
• Example: Structural analysis of the frame
truss is often a valuable feasibility check
in the design of buildings and heavy loadbearing structures. Other possible classes
of FE simulations: CFD, thermochemistry,
thermoelasticity.
• Surprisingly, it is possible to perform structural analysis of frame trusses in real-time.
Currently, a structural analysis feedback
loop often takes at least a day.
A short feedback loop between client, engineer, designer, and other participating parties can directly
result in considerable savings of time and expenses.
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Data analytics for Aviloo GmbH: 2018
• Measurement of voltage and current for large numbers of electric vehicle battery evaluation runs
• Task: Identify characteristics that correlate well with battery age

R-scripts available; translation into C/C++ possible.
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Statistical learning in engineering
Topology-optimized chair for ZH:
Fit per-pixel linear model to relate outcome with
geometric features. Enrich the regression
Yj = β0 + β1 X1j + · · · + ǫj
with geometrical features
Yj = β0 + β1 X1j + · · · + βk Xkj + ǫj
• This equation can be either taken locally per pixel/voxel, or globally as the intensity formula for
a Poisson point process, or it can be an equation where the outcome is independent of spatial
variables.
• I take these linear model formulas to also refer to more complex models / neural nets; just the
notation of dependent variable on the left, independent (predictor) variables on the right.
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Geometrically enriched linear models
- successfully deployed in a number of different scenarios:

• Top-optimized chair: 3D-Printing, Topology Optimization and Statistical Learning:
A Case Study, https://dl.acm.org/doi/
10.5555/3289787.3289799
• Occupation modeling:
methodology
for machine learning of occupational
patterns,
https://doi.org/10.1007/
978-3-030-29829-6_50

Error estimation for unsupervised machine learning algorithms: On the asymptotic behaviour of
the variance estimator of a U -statistic, https://
doi.org/10.1016/j.jspi.2020.03.003
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Benefits of a customized FE solver 1
• Optimization problems heavily rely on
simulation performance.
• Assume d optimization parameters each
with n options =⇒ nk configurations.
Number of necessary evaluations increases quickly with complexity of the optimization objective function.

• Ideally, a single configuration is evaluated
in near real-time (interactive time-scale
about 20-1000ms).
Interactivity greatly enhances the efficiency of the simulation.

Confining oneself to particular geometries can pay off in terms of a considerable performance increase.
Example: Meshing a box geometry takes an algorithmic complexity of only linear complexity whereas
a usual Delaunay mesher has unspecified complexity.
The same applies for a series of boxes with a mostly rectangular configuration for joint meshing.
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Benefits of a customized FE solver 2
• Easily scriptable
• The more similar the geometries are, the
higher this performance increase.
Example: joint meshing.
• This does not mean we pre-compute all
configurations.
• It is feasible to set up parametric families
of simulations
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Benefits of a customized FE solver 3

Accurate heat transfer modelization on a volumetric meshing in box-like geometries in an algorithmic
complexity of O(n) - linear time - for the solver as well.
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Benefits of a customized FE solver 4 web export
(https://mathiasfuchs.com/rawtetgen.html)

• fitting into the client’s workflow. How
are data evaluated? by whom? what
other programs does one need interactivity with? what are the evaluation metrics
• can be easily installed deployed (on
premise, in the cloud, in the intranet, as
Faas).
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Possible applications / simulation domains
Leading principle: enrich the planning/design phase with as much physical knowledge as possible in
order to optimize the communication feedback loops
1. Heat transfer with source term -> thermochemical simulation Given knowledge of the thermal
conductivity κ = κ(x, y, z) and knowledge of the heat generation as a function of temperature,
the heat equation
∇(κ∇u) = ρ
is well-posed. Can be applied to calcination and/or charging?
2. CFD -> Onejoon kiln
3. Elasticity -> Response to thermal expansion
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– thanks for reading.
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