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1. Introduction  
The lifetime of a Li-ion battery is limited by 
microstructural degradation that evolves over the 
course of successive charging and discharging cycles 
[1]. The non-destructive nature of X-ray computed 
tomography renders the technique well-suited to 
investigate these (and other) dynamic processes. By 
comparing datasets acquired at different points in 
time, insight in the degradation process can be 
gained. Typically, affine or non-affine registration of 
successive datasets is used to assess the local strain 
field. However, such approach is unaware of physical 
limitations, such as material properties or 
conservation laws. We present a proof-of-concept 
study showing that physics-based registration 
enables accounting for these constraints and could 
be a useful tool in battery research. 

2. Materials and Methods  
We develop our method based on a scan of a classical 
rechargeable 18650 lithium-ion battery. As a starting 
point, the middle slice from the stack was selected 
and artificially deformed. In a next step of this study, 
the battery will be cycled and the dynamic dataset 
will serve as an input to the model. 
The 2D slice before and after deformation is given as 
an input to Bioflow. This is a plugin for Icy, an open-
source collaborative bioimaging informatics platform 
[2]. Bioflow was initially developed to investigate 
biophysical mechanisms inside living cells, and 
implements a similar philosophy than the one 
envisaged for the study at hand [3]. In a first step, an 
active contour method tracks the boundary of the 
battery before and after deformation. A finite 
element mesh is automatically generated based on 
this contour and properties are assigned to each 

element based on the grey level of the image. Next, 
the weak form of the governing equations is solved 
by the finite element method (FEM) using FEniCS. 
This package enables users to quickly translate 
scientific models into efficient finite element code 
[4]. The difference between the deformed FEM-
model and the deformed slice is minimized, hereby 
respecting the governing equations and specific 
properties of the different battery components. After 
minimization, the FEM model provides the stresses, 
strains, and other quantities of interest at all points of 
the sample, as well as their evolution over time.  

3. Results and Conclusion 
A physics-based registration model is developed that 
takes into account physical processes underlying 
battery degradation. By matching the numerical 
model to the X-ray tomography data we ensure that 
the model closely represents reality. The proposed 
method offers wide-ranging advantages such as 
applicability to large-scale applications that allow a 
better understanding of physical phenomena such as 
material fatigue and failure analysis. 
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