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UK ELECTRIC VEHICLE AND BATTERY PRODUCTION POTENTIAL TO 2040
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Cell Manufacturing 
Control Factors

Cell assembly
Control Factors

Intermediate Product Features 

Final Cell characteristics

Ambient Control Factor

Equipment commissioning
Intermediate product target

Final Cell Targets

Final Cell Design

Process Control Factor

MODEL-BASED ELECTRODE MANUFACTURING

thermofisher.com

Manufacturing Process Modelling by AI

Forward: Design

Reverse: In Situ Feedback

Quality Assessment

Comprehensive Digital Twin

Reduce waste
Commissioning time and effort
Changning the target and requirements 8
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• Interpretability in machine learning focuses on making the model itself more interpretable, simpler or more transparent model architectures
• Explainable machine learning focuses on providing explanations for the predictions of a machine learning model, regardless of the underlying architecture.

EXPLAINABLE AND INTERPRETABLE HYBRID MODELS

Interpretability
The ability to determine 
cause and effect from a 

machine learning-assisted 
model

Explainability
The knowledge of both 

what a feature represents 
and its importance to the 

model’s performance 
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Multi objective optimisation requires determining the importance weights 
in between the interested responses

The definition of the cost function is critical 

The consistency in between manufacturing processes for the modelling and 
the validation after optimisation is the key

Systematic Data cleansing is prerequisite
Design of Experiments for a generating rich dataset with enough variability
Reverse prediction is only practical via a DoE
A minimum of three breakpoints is critical for nonlinearity capture
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KEY LESSONS LEARNT

Dealing with small data is a key in manufacturing process modelling

Approaches involving below are preferred:
 
Cross validation, 
Data augmentations 
Data fusion is necessary in the process

Modelling 
Considerations

Data Quality

Data Size

Objectives
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Which Variables is masking others

Which variable needs investment in instrumentation due to importance

What is the most important experimental record

What is the dependency and correlation strength

What is the direction of impacts

Why a particular prediction has been made

High capacity cell

Explanation

Black Box Model
Black Box Model

Data Data

ClassifierClassifier

Results

Classifier

Results

High capacity cell

Because it has 
coat weight 
higher than xxChallenges:

• Feedback to the model for performance improvement
• The cases that there are not any ground truth
• No benchmark data with enough explainability to prove the techniques trustability
• Explainability for time-series data or image data

KEY LESSONS LEARNT



IMPACTS
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improve the production strategies
Identification of critical parameters affecting the quality to, 
lowering the development time and cost
Reducing the number of experiments for cell manufacturing an

Quantifying the impact of factors Prediction, interpretation, ensuring maximum accuracy in modelling

high degree of quality transparency Reasonable effort for design of experiments and modelling activities

model-based quality assessment Where other quality checks are hardly applicable (e.g. after cell assembly)

Development of corrective actions Adaption of later processes or selective assembly of matching parts

Quality and environment Increase the battery quality and reduce the environmental impacts caused per 
battery produced
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Thank you
Mona.Faraji-Niri@warwick.ac.uk
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