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by learning the underlying differential equations x = f(x). components c p - Nonlinear, energy-storing: An NN-based energy function H. Dataset (a) with external force  (b) with moving boundary (c) degeneracy
- crucial for the design & control of circuit, vehicle & robot. m L _@: o Lj _storina: i i Subdomain MSE| VPTT MSE| VPTT MSE| VPTT
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e Existing methods: —/@-  Nonlinear, energy-dissipating: An NN-based map R,,. HNN Variants* 8.31+056  0.104 +0.017 592 +01z  0.001 +0.000 >100  0.000 +0.000
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° DISSIpatlve SymODENS for controls and dISSIpal‘IonS [3] \\ k@ —l I— L d—|:|— R—:l— /j * Fix elements of Bj for incompatib|e Coup"ngs at zero. (d) FitzHugh-Nagumo (e) Chua’s circuit (f) DC motor (g) Hydraulic Tank
« CHNNs and PNNs for constraints and degenel’acy [4,5] (e_g_, mass and mass, Spring and external force) MSE| VPT? MSE| VPT? MSE| VPT? MSE| VPT?
e Intuitive explanations Neural ODE 48.96+1743 0.322+0041  14.74+133 0.28710016  16.034515 0.276+0168  30.62+822  0.045+0.010
imi I . . . e Example: PoDiNN 1.64+137 0.649+0072  9.21+083 0.469+0010  2.11+290 0.923+0013  5.42+365 0.918+0.013
Limitations | * Flow f: inputs to components (ex. velocity for a spring) G G Dy Dy velocity force velocity 10" 5 10-3 101 2 10-3 <10 2 10— < 10-2 2 10-*
* Narrowed scope: Focuses only on mechanical systems - Effort e: outputs form components (ex. force for a spring) 0 0 1 0] ﬁ ; ‘é _w)é - ‘ . g .
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and embeds the interactions between sub-components in a . . o . separately modeled * Dynamics * Coupling patters - Component-wise characteristics
 network. hindering int tabili bivector, and defines Hamiltonian systems, Poisson systems, _ Q
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§ * Flows f =(f° f* f') € Fand efforts e=(e” e e') € £ (&) with external force (b) with moving boundary The sign implies the direction o e
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separated in fact condensed in NN ° P0|ss<?n-D.|rac formulation of mechanics | o (YN . L |Gz G| R e (b) Mass-Spring-Damper e (c) Mass-Spring e (g) Hydraulic Tank
K Contributi « Hamiltonian H: M’ - R, state update: f* = u ks () Chua’s circuit Numb : b bl ¢ C l t C i tt
. * Number of unobservable components < Coupling patterns < Coupling patterns
€y Lontribuuons - Efforts e” = dH, e* = R, (f), e'(t) = F(¢t) (c) with redundancy () FitzHugh-Nagumo model P ?nl 9 pm2 Pling p
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- Handles diverse physics domains (mechanical, electrical, ((f ©, 77O, F7(©). (e ( ) o ® ( )) _“(t) —|'Y Zz _1 0_00912.222 0.001:_222 k1 { 0 1 0 O k0o 1
hydraulic, etc.) and their interactions (multiphysics). :> ;2, - ZH(%)) <+>‘:|R mL (: lg k, v | 5 Kk ng =2 0.015 + 0000 0.001 + 0.000 K, { 8 8 é (1) ;;1 1 —(()).3
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dissipation, external inputs, and degeneracy. Target Systems (f) DC motor (g) Hydraulic tank ng=5  0935:006 0600 005 - R e
TITIs - : e : 6=10"* 6 =104 |dentified submatrix of B entified submatrix of B
e Interpretability: Epr|C|tIy_ learns and. |.dent|f|es coupling Domain Mechanical Rotational Electro-Magnetic Hydraulic VPTs with varying # of unobservable dampers 1y, iom lies the direuction. The cyiinder sizes are id: i
patterns and component-wise characteristics from data. subd.omaln Po.tentlal Kinetic Potentlal_ Kinetic Electric Magnetic Potential An insufficient number leads to a poor score, Redundancy is found. as coupling strengths
orediction stability by separating the interactions from effort (output) fgrce velocity torque angular velocity voltage current. pressure
_ , state displacement momentum angle angular momentum electric charge magnetic flux volume Reference
component-wise behavior. : : — : : :
spring mass (potential) inertia capacitor inductor hydraulic tank [1] Chen et al., NeurlPS, 2018. [2] Greydanus et al., NeurlPS, 2019.  [3] Zhong et al., ICLRW, 2020.
energy-dissipating damper - friction - resistor resistor - [4] Finzi el al., ICML, 2020. [5] Jin et al., TNNLS, 2023. [6] Schaft & Jeltsema, 2014.

external input external force moving boundary external torque - voltage source current source incoming fluid flow [7] Yoshimura & Marsden, JGP, 2006.
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