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DigiBatt – European Research Project

DigiBatt = “Digital Solutions for Accelerated Battery Testing”

“Establish a novel, open, multi-scale digital toolbox

to accelerate the testing and development of batteries”
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Testing

Standardise

Automate

Accelerate

Georg Engel, AVL, 417.02.2025: The Energy Summit, Boston, MA, 2025-02 



Why Reduced Order Cell Models?

• Emulating real-time battery behaviour in test environments

Based on battery test data: → Established, industrialized 
and supported by AVL-Products

• In DigiBatt: “To be delivered by WP6 to WP7”

➢ WP7: Battery Simulation Model
→ to estimate lifetime, optimize battery system layout

➢ BMS calibration to increase usable lifetime

➢ Challenges / Research Questions:

Possible to identify RC-parameters out of field data? 

How are RC-parameters changing over time?

SoH identifiable?

If being able to identify RC-parameters in field data,

→ useable for Diagnosis? → Safety observation?



How? Proven Hybrid Modeling: 
RC-Model + Look-Up Tables
• Refine accuracy: Data model on top of RC-model

• Introduce dependence on 
state of charge (SoC) and temperature (T):

𝑅 = 𝑅 𝑆𝑜𝐶, 𝑇

• Generalize parameters, 
From a scalar to e.g. a look-up table

AVL MoBat &
AVL E-Storage:
Battery emulation
on testbeds

Hybrid Model:

Refined accuracy

&

physics laws still obeyed

Georg Engel, AVL 619.02.2025



Which field data to fit?
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Other than these 3 days 
→ typical week:

→Plus: Many similar Charging and discharging events
→Drawback for SoH estimation: “low SoC stroke” 25 to 30% only
→and some noise in data.
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First Approach of SoH Estimation
• Use an SoC observer during the day

• Slow SoH observer (C) outside over one or several days

• Battery Model: Inner Resistance only

• Use OCV behaviour from Cell supplier + shift to qOCV measurements by CORVUS:

C
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Result of First SoH Identification Run:

True? Incredibly strong decrease of capacity in the beginning.
→ Improve the Model to the 

intended 2 times RC

Reference: Annual Capacity test 



RC-Model Parameter Identification
(Novel Method)

Published in Batteries 2024, 10(10), 343;

https://doi.org/10.3390/batteries10100343

From testbed: Excellent

From field tests (high SoC stroke):
Very good

RMSE of 
1.1 mV 

From generic field data: 
Challenging but good

RMSE of 
8.6 mV 

https://doi.org/10.3390/batteries10100343


Fit RC-Parameters for all Days, Modelled as 
R_0 = F(Temperature, Current, SoC and Age) 

With 95% model confidence interval



Fit RC-Parameters for all Days, Modelled as 
R_0 = F(Temperature, Current, SoC and Age) 

With 95% model prediction interval



Fit RC-Parameters for all Days, Modelled as 
R_0 = F(Temperature, Current, SoC and age)



All RC-Parameters Modelled as 
F(Temperature, Current, SoC and Age) 

R_0 
[Ohm]

4.2

3.4

OCV
[V]

0.003

0

0
2.5

R_2
[Ohm]

0.004

0

0

0.004

0

R_1
[Ohm]

Tau_1
[s]

2.5

0.50.5

0.003

Tau_2
[s]

600

0



Delivered in Cell-FMU V1.0 
“Calibratable Generic Cell-FMU”

Dynamic Outputs

Voltage: U (t+1)

P_heat by loss (t+1)

SoC (t+1) = SoC (t) – I*d_t/CAP(t)

SoH (t+1) = SoH (t) + d_SoH(t)

T_Cell (t+1)

= T_Cell(t) + P_heat*d_t/C_th(t)

using:
P_heat(t) =
P_heat_from_outside (t)

+
I2*(R0+R1+R2)

Dynamic Inputs
Power Request

I(t+1) = P (t+1) / U (t)

P_heat from outside (t+1)

Initial Inputs
SoC (t_start)

SoH (t _start)

T_Cell (t_start)

FMU (compiled MC or Simulink or even 
PyBaMM)

RC Model
(using fixed Maps for RC-Parameters)

(t)

Calibration Parameters:

• Cell Capacity at t=0: CAP_0 [Ah]
• Thermal Cell Capacity: C_thermal

[J/°K/Cell]
• OCV, R 0-2,Tau 1&2 and d_SoH
as CAMEO “model”
= F(T, SoC, Current, cumulative days of operation)

(t)



Use RC-Models in SoH Estimation
plus 95% Prediction Interval:



Actual 2nd Approach Under Work:

• Identify OCV directly out of first Reference capacity test day and keep it

• Fix further: SoH assumption as linear F(days), Tau_1 and Tau_2

• Fit only R_0, R_1 and R_2 for each day:

• Finally use robustly fitted 

RC-Parameter for all days and 

allow SoH to adapt.



Parameters Estimated on 2020-05-01: 

Fit OCV only in second run
from annual capacity in range:  t=[48400, 85000]

RC-params from all but idle:  t=[23000, 85000]

RMSE of 
3.3 mV 

RMSE of 
1.1 mV 



OCV Estimated on 2020-05-01 
Hysteresis Clearly Detected and Kept: 



Comparison:
Capacity Check Day → Regular Day



Check Parameters on Next Days (2020-05)

Total:

RMSE of 
8.9 mV 



R_0, R_1 and R_2 Estimated for All Days,
Behaviour Models:

With 95% model confidence interval



R_0, R_1 and R_2 Estimated for all Days,
Behaviour Models:



Approach Validated so far
on 3rd Capacity Check Day 2022-09-17:

Ignoring degradation (SoH = 100%) Accounting for degradation→ SoH = 92%
SoH Reference = 90.4 %

Start SoC:83% Start SoC:83%

→ ca. 2.4 years from 
BoL: 2020-05-01: SoH=100%



Next Steps to be Done:

• Use this parameter to estimate Capacity (or SoH) for all days

• Generate SoH Model over time

• Export all together as Cell FMU V 2.0

• Document fast way to get there for a new dataset.



Conclusions / Summary
• RC-Models seem to be quite powerful 

• Parameter estimation out of field data is a challenge:
a) All parameters are interacting strongly
b) OCV as F(SoC) is dominant, Hysteresis is relevant

→ Plausible SoC and SoH estimation is key
c) RC parameters are changing slightly over time
d) Influence of measurement noise can be reduced by robust behaviour modelling.

• Cell model – calibrated with RC=F(Temp, Current, SoC and SoH_start)
→ comparable simple recalibration to other battery use cases

→ to be discussed: Integrate RC-Parameter estimation 
into WP4-check up tests for lifetime cycling            



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 
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