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It’s not about the end, it’s all about the path.
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Abstract
The aim of this work is to extract the architecture of biopolymer networks from 3D images.

This is motivated to further understand non-affine regimes, found during network formation

and in low-density biopolymer networks, where the geometry of a network has a fundamental

role in defining its mechanical properties.

Firstly, developed image analysis tools were extended to 3D and contributed to

high-performance open-source libraries for image analysis. These developments in isotropic

wavelets will help in extracting realistic networks by removing spurious noise generated

during image acquisition.

Secondly, images of biopolymer gels from transmission electron microscopy (TEM), were

used to reliably extract the network architecture. The imaged material was also studied

with small-angle x-ray scattering (SAXS), and the comparison showed a strong agreement for

network-size features.

Thirdly, spatial graphs were extracted from the image. A one-to-one map is provided between

image and graph, keeping all the geometric information from the image. This then opened

the door to using analytical tools from the complex networks field to characterize images.

Finally, statistical distributions extracted from three graph properties were used to reconstruct

a completely in-silico network using a simulated annealing technique to generate new networks.

This can be used as a computational exploration tool of how network behavior depends on

network architecture.
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Abbreviations

AFM Atomic force microscopy.

BGL Boost Graph Library. c++ library.

CEWLC Clickable extensible wormlike chain.

DFT Discrete Fourier Transform, representation of data in frequency domain.

DGtal Digital Geometry Tools and Algorithms. c++ library.

EtE End to end.

EWLC Extensible wormlike chain.

FE Force extension (curve).

FFT Fast Fourier Transform, specific algorithm of DFT.

ITK Insight ToolKit. Image Analysis c++ library specialized to work with ND images.

LAOS Large amplitude oscillatory shear (rheology).

LMP Local maximum point.

MRA Multiresolution framework.

MSD Mean square displacement.

NP Nucleation point.

PME Pectin-methylesterase.

SAXS Small angle X-ray scattering .

SEM Scanning electron microscopy.

TEM Transmission electron microscopy.

TV Total Variation (regularization, denoising method).

WLC Wormlike chain.
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