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Introduction Estimating distortion parameters & stitching
When acquiring panoramic images using Scanning Electron Microscopes After applying the distortion correction, it is required that all corresponding
(SEMs), a geometric distortion (fig. 1a) is generated by the optical sys- points in the overlaps of neighbouring image tiles have the same coordinates.
tem and the stage mechanics of the microscope. Images of captured The parameters were found by minimization of the cost function defined as
objects in panoramas obtained by using ordinary stitching methods (fig. a sum of squared distances between all corresponding points in all overlaps in
1b) can have incorrect shape and size. the panorama. The algorithm has three main stages:
This work describes the distortion model generated in SEMs in order to 1. Establishing corresponding points:
obtain metrologically more precise images (fig. 1c), and proposes » Keypoints detected by using SIFT [2] or ORB [3] keypoint detectors,
a method to find the parameters of the model, given preliminary » Brute-force matching (fig. 3a) with RANSAC [4] filtering (fig. 3b).
estimates for distortion parameters and a set of partially overlapping
image tiles. 2. Minimization of the cost-function:

« Estimate of global minimum obtained by utilising simulated an-
nealing [5],
» Actual solution determined by non-linear programming [6].

|

3. Stitching:
 Starting with the tile in the centre, proceeding in breadth-first search
manner.

Results

A Figure 1: Part of panorama (a) with visualised misalignment in
overlaps, (b) stitched by homographies, (c) stitched by proposed
method.

A Figure 3: (a) Brute-force matched
SIFT keypoints and (b) RANSAC filtered
matching.
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<« Figure 4: Visualised overlaps in
(a) misaligned neighbouring tiles,
(b) tiles aligned using the proposed
method. Example in (b) has higher
SSIM index and is of better quality.

tation distortions (fig. 2). Because the optical sys- }
tem does not change while acquiring a panoramic . . ' :
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form with 5 parameters.

The obtained panoramas showed high visual quality, which was evaluated by using Structural Similarity Index
(SSIM) [7] computed between the overlapping regions of image tiles prior and after inserting them in the

e S : i : \ f@ Rotation distortion  panorama. Preliminary estimate of the distortion parameters (1% scaling error, 1° non-orthogonality and ro-
a]?o?r;]g? s?rig(leerattreansla){cicsnea:c?i(;rng jn?éje fii Electron 2 tation error) were confirmed. Stage shift errors exceeded the expected all bounds and their expected nor-

: _ detectors ! Sl mality and randomness properties were rejected by statistical tests. It was also found that modelling non-
A csjtage :\h]ft.s’ TPe AR B E i e " "'.tfanslation di%tortion orthogonality before scaling gives better results. Performing optimization on the subsets of datasets con-
SR AT ARl ol T verged to different minima of similar quality, indicating that the cost function might be flat and redefining
it might lead to more stable results.

A Figure 2: SEM layout [1].

Refe rences: [1] Australian Microscopy & Microanalysis Research Facility. MyScope: training for advanced research. Feb. 13, 2017. URL: http://www.ammrf.org.au/myscope/sem/practice/principles/layout.php.
" [2] David G Lowe. “Distinctive image features from scale-invariant keypoints”. In: International journal of computer vision 60.2 (2004), pp. 91-110.
[3] Ethan Rublee et al. “ORB: An efficient alternative to SIFT or SURF”. In: Computer Vision (ICCV), 2011 IEEE International Conference on. IEEE. 2011, pp. 2564-2571.
[4] Martin A Fischler and Robert C Bolles. “Random sample consensus: a paradigm for model fitting with applications to image analysis and automated cartography”. In: Communications of the ACM 24.6 (1981), pp. 381-395.
[5] Scott Kirkpatrick, C Daniel Gelatt, Mario P Vecchi, et al. “Optimization by simulated annealing”. In: science 220.4598 (1983),pp. 671-680.
[6] SG Johnson. The NLopt nonlinear-optimization package [Software]. 2017. URL: http://ab-initio.mit.edu/wiki/index.php/NLopt.
[7] Zhou Wang et al. “Image quality assessment: from error visibility to structural similarity”. In: IEEE transactions on image processing 13.4 (2004), pp. 600-612.



	Slide 1

