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Background

Battery Management System (BMS) algorithms are used extensively for esti-
mating unmeasurable states such as State-of-Charge (SOC) and State-of-health
(SOH). Predominantly, the algorithms rely on empirical models and control the-
ory observers like the Kalman Filter.

Conversely, Physics-based electrochemical Models (PBMs) can model internal
physical quantities that can also be used for advanced control algorithms. Fun-
damentally, these models are more complex than the empirical ones, involving
coupled non-linear Partial Differential Equations (PDEs).

With the advancement of the available computational power of traditional on-
board Embedded Systems (ES), PBMs may be resolved 1n real time and the
possibility of leveraging these for advanced control has become a reality. In
this study, we deploy an electrochemical model, see [1], on an ES and evaluate
its real time performance for algorithmic use in a BMS.

Methodology

A (lumped) Single Particle Model with Electrolyte (ISPMe), a model that
strikes a balance between computational time and accuracy, was implemented
in MATLAB using an explicit finite difference method (second-order in space)
with a forward-Euler time solver. By assuming that the electrodes (de)lithiate at
a constant rate throughout the thickness, only one particle per electrode 1s sim-
ulated. This assumption is also key to obtaining a computationally light model,
as 1t de-couples the PDEs through an analytical calculation of the interfacial
flux, requiring to solve three de-coupled PDEs: the mass transfer in both parti-
cles and the electrolyte mass transter over the entire cell [2].

Solid-phase mass conservation (particles)
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The target ES, 1n Figure 1, 1s an NXP RT1170 EKYV microcontroller with a
dual-core ARM Cortex-M7/M4 architecture, a maximum clock speed of 1 GHz
(M7) and memory resources offering 512 Mbit SDRAM and 512 Mbit Octal-
SPI flash.
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Figure 1: NXP RT1170 EKV microcontroller.

A common reference parameter set, for a 5 Ah NMC cell in the BPX format
[3], was deployed and the values grouped for the lumped implementation.

To evaluate accuracy and real-time performance, MATLAB simulations of
Constant Current (CC) charge at 0.1C, 0.5C, and 1C were compared to the
same simulations run on the ES.

Figure 2: ISPMe deployed on an embedded system for real-time computation.

Results

Across all experiments, RMSE between reference MATLAB simulation and the
ES simulation 1s lower than 20 mV for terminal voltage V, as show in Figure 3.
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Figure 3: Comparison of the terminal voltage between MATLAB and ES simulations for CC
charging experiments.

Importantly, for all experiments, real-time capabilities were achieved, as the
ratio between the duration the simulation and simulation time was 50 (a 500ms
time step was computed 1in 10ms), for all experiments.

[.1imitations

» While the calculation were run on the ES, its practical application 1in a
BMS would require additional algorithms, including continuous
adjustment via an observer, such as a Kalman Filter, and thus would likely
increase computational effort perhaps limiting real-time capailities.

Further Research
» State-observers and control algorithms for anode-potential fast charging.
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