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ElIS-Based Battery State Estimators in Embedded BMS

CSEM Cell Management System
to obtain EIS data at cell level




NEMO zBMS and zBMS+

zBMS

® Celllevel EIS by
Infineon

® Passive balancing

® \Wired communication
between cells and
master BMS

Same module, 2 different electronics
Module: Cathode NMC, 12s1p, 72Ah cells

ZzBMS +

® Celllevel EIS by
CSEM

® Active balancing
SoC/SoH based

® \Wireless
communication
between cells and
master BMS

® SoT capabilities



NEMO System architecture
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CSEM SOLUTION - DRT-BASED EIS SIGNAL INTERPRETATION

Distribution of Relaxation Time
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https://doi.org/10.1109/TIA.2021.3134946

IMPROVEMENTS FOR BATTERY STATE ESTIMATION

SoT

cell core temperature estimation
—> for all cells in a module/pack

direct extensijon for

Prediction
Validation surface  SoT estimate
RMSE 3.0°C 0.8°C
Max. error 12.2°C 22°C
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SoC/SoP

Continuous identification of RC
model parameters - measured

after 500 cycles

after 1'020 cycles

CONFIDENTIAL

SoH

Measurement of the evolution of
the differential capacitance

RMSE 1.6%
StDev 1.1%

= CSem


https://doi.org/10.1016/j.est.2024.112754

zBMS+ Components

® Switching board allows to bypass any cell during charge or
discharge allowing active balancing. The bypass done for
balancing is SoC and SoH based.

® BWMS Broker collects all the information from the CMSs
wirelessly and transmits the information to the Cloud Server

BMS Broker

CMS on cell

Switching board



zBMS+ assembly and cycling

EIS lab reference measurement installed in
parallel of the module to double check the
EIS data accuracy.

EIS acquisition performed at different SoCs
and at frequencies from 0.1 Hz to 2000 Hz.

Module cycling since April 2026 with some
lab reliability issues. Continuous cycling
since the 12t of June.



zBMS server data collection and real time monitoring

NEMO zBMS

NEMO zBMS+
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SoC Battery state-estimation algorithms (CSEM / TUG & VUB)

SoC algorithm using an EIS ECM
based Kalmal Filter

Based on high accuracy lab data
NEMO Bestimator SoC can closely
track the SoC ground truth given by the
Coulomb Counter.

In embedded condition, when the
Coulomb Counter will drift due to
current bias, NEMO Bestimator SoC
will remain accurate since it relies on
voltage (not just current) to track the

SoC.
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zBMS+ SoC based active balancing algorithm (CSEM)
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SoT Battery state-estimation algorithms (CSEM / TUG & VUB)

ZBM+ embedded SoT improved precision

NTC Temperature
surface sensors
(reference)

SoT Cell Core
temperature

SoT Cell Core
temperature filtered
with a 10 points
moving average

NEW SoT Parameters
(lower noise and higher precision)
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SoH and SoP state-estimation algorithm (CSEM)

State of Power adaptation based on State of Heath of the cell (SOHR / DCIR) to make sure that
cells avoid over-voltage and under-voltages during its lifecycle.

SoP estimator: SoP(t) = SoH(t) x SoPgoL

P2D model
Elecirochemical limits

SoP atBoL
Pm: Pmax,dch

P-ECM (Chapter 5)
RO,R1,C1vsSoC, T

SoP(t)
SoH(1) x SoPgqL

SoH estimator SoH(t)
From SoE (Section 5) Capacity ratio (0-1)

** Results based on simulation since the module is still under cycling at high SoH
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NEMO zBMS/zBMS+ concept trade-offs

Cost competitiveness of Cell Management System, one MCU per cell that makes the technology
expensive against the State of the Art.

Low-frequency points are slow to acquire
Needs good Signal Noise Reduction and ADC resolution

zBMS+ Switching board for active balancing shall be developed with the specific geometry of each
module that makes the cost of module higher.

Wireless communication in zBMS+ from CMSs transmits new voltages every 200ms, that might be
insufficient for safety critical applications.

Spectrum drifts with temperature and SoC

Server costs of hosting in a database the whole lifecycle of each individual cell of a battery pack.
Server/Master BMS computing power and data upload costs shall be considered too.
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ElIS-Based Battery State Estimators in Embedded BMS

CSEM Cell Management System
to obtain EIS data at cell level
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Disclaimer

Funded by the European Union. Views and opinions expressed are however those of the author(s)
only and do not necessarily reflect those of the European Union or the European Climate,
Infrastructure and Environment Executive Agency (CINEA). Neither the European Union nor the
granting authority can be held responsible for them.

Swiss participant Centre Suisse d’Electronique et de Microtechnique SA - Recherche et
Developpement (CSEM) has received funding from the Swiss State Secretariat for Education,
Research and Innovation (SERI).
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