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Multi-scale 3D mapping of Tomography Data
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Synchrotron based high-resolution tomography reveals fine structures in a porous media, which strongly
determines their flow properties as well as mechanics. Measurements at higher resolution limit the field
of view. Lower resolution tomograms on the other hand give a wider field of view but highly
compromises the contrast of micro/nano structures in the sample. Lack of contrast in the finer details
seriously reduces the image quality as well as quantitative exploitation, limiting the accuracy in the
retrieved physical properties. To overcome this, the sample has to be measured at different resolutions
on different instruments.

We obtained high-resolution tomograms by linearly translating a chalk sample along the conical X-ray
beam at beamline ID22, ESRF [1] as shown in Figure 1. Maximum optical resolution for consolidated
chalk samples was observed to be around 100 nm, which leaves some of the microstructures undetected.
FIB-SEM tomography [2] can supplement this multi-scale imaging by resolving features down below
ten nanometers. It is, however, difficult to obtain a geometrically identical sample position at all
instances. This motivates the need of a transformation invariant registration.

We register 3D data with 25 nm voxel size on to the data with 50 nm voxel size and so forth until 320
nm. To localize the best possible mapping following steps are performed: 1) Compute the 3D Fourier
transformation of the 3D data sets; 2) Transform the xy and yz-planes of the Fourier space to log-polar
space; 3) Calculate the phase correlation in between the slices in polar space to retrieve the rotation
angles; 4) rotate back one of the Cartesian space 3D data sets and calculate phase correlation with the
other. Accordingly, obtained correlation coefficients give a translation, scale and rotation (6 and ¢)
invariant mapping [3] of the multi-scale data sets. Figure 2 shows the tomograms at each positions in the
setup illustrated in Figure 1. This method creates a hybrid image where high resolution and wide field of
view are combined, thus allowing us to predict an interpolation mechanism relating different length
scales. Moreover, it is also instrumental to find the particular resolution at which volume parameters [4]
as porosity, tortuosity, pore and grain size distribution, connectivity, and effective-porosity are
accurately represented.
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Figure 1. Multi-scale measurement at ID-22 tomography beamline of ESRF. Linear translation along
the beamline gives different magnification as a function of distance from the detector.
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Figure 2. 3D tomograms of chalk obtained at positions (a), (b), (c) and (d) (see Figure 1) have voxel
sizes 25, 50, 100 and 320 nm respectively. A 3D sub-volume shown in the blue bounding box is
registered at different resolutions tomograms. Tomogram (c) and (d) gives higher field of view but
lower resolution unlike (a) and (b). Bright features present in the tomograms are highly absorbing
inclusions in chalk.
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