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DEFINITION

Physics-enhanced Neural ODE
physically meaningful neural components

Neural Network
in-between other blocks
usually relatively small
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EXAMPLE: NEURAL QVM

Quarter Vehicle Model
masses connected with spring

nonlinearities
approximate by trained surrogate

[1] T. Kamp et. al. Closing the Sim-to-Real Gap with
Physics-Enhanced Neural ODEs. ICINCO 2023.

https://elib.dlr.de/200100/
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DO OR DO NOT, THERE IS NO TRAINING

Training outside of the library!
use pre-trained models
…or perform parameter optimization
(dynamic optimization)

Use cases
data driven → accuracy

reference model → speed

Images taken from [1]
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LIBRARY STRUCTURE

and it’s open source (BSD-3)

https://github.com/AMIT-HSBI/NeuralNetwork
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HELLO WORLD

sine

f=1	Hz

eq

y	=	u²	+	…

nn
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LSTM (WIP)

ft = σg(Wfxt + Ufht−1 + bf)
it = σg(Wixt + Uiht−1 + bi)
ot = σg(Woxt + Uoht−1 + bo)
c̃t = σc(Wcxt + Ucht−1 + bc)
ct = ft � ct−1 + it � c̃t

ht = ot � σh(ct)

t

h
(t

)

LSTM output
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LSTM (WIP)

y = h o l d ( h ) ” o u t p u t ” ;
when c l k then

x = samp l e ( u ) ” i n p u t ” ;
hp = p r e v i o u s ( h ) ;
f = s igma_g (Wf∗ x + Uf ∗ hp + b f ) ;
i = s igma_g ( Wi∗ x + Ui ∗ hp + b i ) ;
o = s igma_g (Wo∗ x + Uo∗ hp + bo ) ;
ca = s igma_c (Wc∗ x + Uc∗ hp + bc ) ;
c = f . ∗ p r e v i o u s ( c ) + i . ∗ ca ;
h = o . ∗ s igma_h ( c ) ;

end when ;
t

h
(t

)

LSTM output
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USER BASE

Modelon impact since v2.1.0 (PHyMoS)

starting to use it for e-fmi (OpenSCALING)

We are looking forward to get feedback!
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WHAT’S NEXT FOR THE LIBRARY?
recent development

simpler interface with
SISO, MISO

recurrent networks
(LSTM)

new training approach

current development

more examples replaceable components release 3.0.0

(possibly) upcoming development

convolutional networks,
other structures

flexible weights import
(SSP?)

sparse matrices
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