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Characterisation of dry electrode porosity and tortuosity

Layer-resolved state of charge monitoring: Resonant signal changes with battery state of 

charge (left) and allows for layer-by-layer monitoring (right).

Characterisation of multi-layer stacking structure inside pouch cells
Ultrasonic resonance of multi-layer LIBs: With a simple ultrasonic setup on a Li-ion pouch cell (left), acoustic 

resonance of layered LIBs is captured as an intrinsic characteristics for different cells (right).

Optimal procedure - physics-guided layer tracking: By modelling band and time-frequency structure of the cell 

(left), optimal excitation protocol and adaptive tracking approaches are proposed to estimate interior cell structure.
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Introduction

We report (1) a holistic ultrasonic resonance method for rapid, cheap and non-invasive characterisation of battery's 

inner structures and states, and (2) an ultrasonic method for quantifying the porosity, tortuosity and permeability of 

battery electrodes during production. Both methods are promising tools for quality control and health monitoring. 

Experimental validation: Verified the theory (result on the left) using experimental measurements 
(setup in the middle), demonstrating good agreement (right) and suitability for electrode 
characterisation applications.

Concept: Use non-contact, air-coupled ultrasound 
to quantify electrode properties during production.

Theory: Developed a stiffness matrix 
method to describe ultrasound in multi-
layered, porous battery electrodes.
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