EINDHOVEN
e UNIVERSITY OF
TECHNOLOGY

Lumped Electrochemical Models for Improved Identifiability

Citation for published version (APA):
Lodge, A., Medina, R., Hoekstra, F. S. J., & Wilkins, S. (2025). Lumped Electrochemical Models for Improved
Identifiability. Poster session presented at ELECTRA.Battery 2025, Julich, Germany.

Document status and date:
Published: 01/05/2025

Document Version:
Publisher's PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

* A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOl to the publisher's website.

* The final author version and the galley proof are versions of the publication after peer review.

* The final published version features the final layout of the paper including the volume, issue and page
numbers.

Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
* You may not further distribute the material or use it for any profit-making activity or commercial gain
* You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:

openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 09. Oct. 2026


https://research.tue.nl/en/publications/6e711bb5-0920-45e7-921d-32326678078f

Lumped Electrochemical Models for

Improved Identifiability
Alessio A. Lodge®, Robinson Medina®
Feye S.J. Hoekstra?, Steven Wilkins*®

TNO Powertrains, The Netherlands®
Department of Electrical Engineering, Eindhoven University of Technology, The Netherlands®
alessio.lodge@tno.nl

Background

Physics-Based electrochemical Models (PBMs) for Lithium-ion battery mod-
elling and control have the potential to support advanced control algorithms
for battery management systems, including minimization of degradation, tast-
charge and thermal-runaway mitigation. Importantly, the advent of open-source
stmulation suites like PyBaMM [ 1] continues to catalyze research and develop-
ment 1n the field.

Parameterization of DFN type models, developed by Newmann et al. [2] 1s
un-trivial, with literature overcrowded by strategies to achieve it. Nevertheless,
only a handful of papers exist addressing the unidentifiability (in practice and
theory) of the model parameters.

We extend the methodology provided by [3], [4] to lump a SPM model in Py-
BaMM, demonstrating how the open-source code provides easy implementation
and built-1n sensitivity analysis functionality. Further depth on model equations,
strategy and implementation are included 1n a follow-up paper.

Methodology

A model 1s said to be unidentifiable 1f an output signal can be achieved for the
same 1nput signal, with a non-unique combination of model parameters. It has
been proven [5] that many parameters are combined in such a way that multiple
combinations of these produce the same battery model.

Systematically, an SPM model 1s reduced to the lumped implementation
(LSPM) in PyBaMM, leveraging its symbolic-tree framework. A lumping func-
tion 1s created to generate a lumped parameter set from any PyBaMM or BPX
parameter set. The following table lists the parameters of the lumped and un-
lumped model.

Table 1: Comparison of model parameters for SPM and LSPM
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From the above analysis two preliminary results are important:

1. The OCP curves of both electrodes as a function of stoichiometry are
present 1n both cases, which, as highlighted multiple times in literature,
require tear down or fitting based on similar curves takes from literature.

2. The stoichiometric limits (61¢0,, #100,, to,, 0o,) should be included in shared

standard parameter sets, like those of BPX, as these are anyhow calculated
in cell teardown and OCP balancing.

To demonstrate the potential for improved identifiably and parameterization,
a sensitivity analysis and parameter optimization routine 1s executed. Py-
BaMM’s sensitivity function is utilized to compute the sensitivity of each pa-
rameter for varying inputs. The sensitivity 1s dependent upon the nominal pa-
rameters, the 1nitial conditions and the excitation. We showcase this for six dif-
ferent type of excitations, split between discharge and charge, at 0.05C, 0.1C,
0.5C and 1C, for initial conditions of S0%SOC. This implementation computes

the sensitivity matrix as a numerical solution at a single baseline point.
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Figure 1: Parameter Sensitivity for LSPM & SPM. L for Discharge, o for Charge.

Results

The sensitivity analysis below exemplifies how lumping reduces the overall in-
sensitivity of certain parameters towards others, thus improving identifiably.
Normalized, the sensitivities of the SPM span 48 orders of magnitude, whilst
the LSPM sensitivities span just 6 orders of magnitude. As expected the di-
rection of current and its magnitude 1mpact the sensitivity of the parameters,
however this occurs on a parameter to parameter basis, with a general trend of
better sensitivity with higher currents.

Finally, we also execute a parameterization study. Surrogate data {z,V, I} is
generated from a nominal set of parameters 6,,,,..; and a characterization ex-
periment. Initializing with a permutated set of parameters 0,c.muzarea, based on
a randomized selection within a certain sampling space, defined by upper and
lower boundaries on each parameter, an optimization problem 1s executed. This
attempts to regress the parameters 0,imizeq towards the ,,mina by minimizing
the error between Vy,ro0are @A Viprimizea. A twoO step particle swarm optimiza-
tion problem 1s ran on a high performance cluster comprising 200 CPUs.
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Figure 2: Lumped and Unlumped Parameterization Results for Validation Experiment.

The results of a 20 minute optimization with a fixed number of iterations (10),
200 threads and 4000 particles, show that the lumped model regresses faster
and better towards the real solution than the unlumped model.

Although no mathematical proof has been demonstrated, the results suggest that
this approach, which does not lose any application potential, 1s effective.

Limaitations
» Improved indefinability 1s demonstrated but mathematical indefinability
was not proven. Limited research exists, limited to linearized SPMs,
SPMes and DFN. We suggest consulting [5] for a more rigorous
demonstration of the unidentifiability of an electrochemical model.

Further Research
» Apply the lumping strategy and parameterization to real world data

» Extend the LSPM to higher order electrochemical model (i.e. LSPMe)
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